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L. AFFIDAVIT OF AUTHENTICITY

I, Carla L. Kelley being sworn, state that:

I am Associate Counsel of Northwest Natural Gas Company (“NNG”) and am
authorized to act on behaif of NNG.

NNG is submitting this Application to Amend the Northwest Natural Gas
Company Mist Underground Natural Gas Storage Site Certificate.

To my best knowledge and belief, the information in this Site Certificate
Application is true and accurate.

Dated: March 18, 1997,

NORTHWEST NATURAL GAS COMPANY

By: Z‘f[k o &@_

Carla L. Kelley ~
Associate Counsel for
Northwest Natural Gas Company




State of Oregon )

County of Mulitnomah )

On this }_ﬁladay of March, 1997, before me, the undersigned, a notary public
in and for said state, personally appeared Carla L. Kelley, known or identified to me to be an
authorized representative of Northwest Natural Gas Company (“NNG”), that executed this
Affidavit of Authenticity (“Affidavit”) or the person who executed this Affidavit on behalf of
NNG, and acknowledged to me that NNG executed the same.

IN WITNESS WHEREOF, I have hereunto set my hand and affixed my official

seal on the day and year in this certificate first above written.

Do banns AN fne Jin/

OFFICIAL SEAL .
I?‘%iiggssp.[ THRASHER Notary Public fof/the State of Oregon
UBLIC-OREGON e .
z COMMISSION N9 028165 Residing at: I?ort and., Oregon
MY COMMISSION EXPIRES OCT. 8, 1997 My Commission expires: |p~g-q+]




II. INTRODUCTION

" By this application, Northwest Natural Gas Company (“NNG”) proposes to amend the
site certificate for its underground natural gas storage facility at Mist, Oregon. NNG intends
to expand the facility by including the Calvin Creek Storage Area within the facility’s
boundary, and installing underground pipelines to connect one underground pool in the
Calvin Creek Storage Area to upgraded compression facilities at Miller Station.

A. Underground Gas Storage.

A gas utility delivers energy to thousands of customers whose energy needs change
significantly on a daily, monthly and seasonal basis due to changes in space heating
requirements, harvest processing, annual production cycles and other factors. In Oregon, gas
usage is generally lowest during summer months and peaks during December, January and
February. Underground gas storage provides the most efficient means of balancing relatively
constant pipeline gas supplies with widely fluctuating seasonal, daily and hourly market
requirements. Gas is injected into storage during off-peak periods when market requirements
are less than supply availability, and is withdrawn from storage when market demand
exceeds available supplies from other sources. Storage reservoirs are usually replenished
from April through September and are drawn down between October and March.

Underground reservoir storage requires suitable underground geological conditions in
a specific geographic area. These conditions occur in depleted oil or gas pools like Al’s Pool
in the Calvin Creek Storage Area, which is the subject of NNG’s current expansion project.

An underground storage reservoir, reduced to simplest terms, is little more than a gas
production reservoir retrofitted to inject gas back into the ground and withdraw it on a
cyclical basis. Some gas always remains in the reservoir, to maintain operating pressure.
This gas is referred to as “cushion gas.” Between one third and one half of the original gas
in place in each reservoir (including some that could never have been produced) is used as
cushion gas. The remainder of the reservoir’s capacity is used to inject and withdraw gas
relatively rapidly, to meet market needs. This gas is referred to as “working gas.”

The principal differences between a natural gas production field and an underground
storage reservoir are operational. The gas wells in a production field are designed to
produce gas at flow rates that permit the efficient drainage of the reservoir over time. The
Oregon Department of Geology and Mineral Industries (“DOGAMI”) regulates the spacing
of gas wells. Generally, no more than gpe well per quarter section (16{4.\‘91;;&“15 allowed.
Closer well spacing could result in higher development costs with negligible increase in the
overall gas production. Competing wells could also cause the premature demise of a
reservoir, leaving behind commercial gas and making it uneconomic to produce.
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A different operating concept applies to a storage reservoir. Instead of producing the
major portion of the underground gas by careful management of field pressures and auxiliary
compression over a period of years, the goal changes to that of an annual fill and empty
cycle. Because the design withdrawal rate for the existing storage facility at Mist is 100
Mmcfd (over ten times greater than the original production capacity), a more closely spaced
pattern of higher capacity wells has been used for storage operations. Compressors allow the
storage pressure to be restored during a six month injection period and provide for sustained
high delivery rates during withdrawal as the reservoir pressure depletes.

B. Site Selection.

Underground storage facilities can only be developed in rare locations where the
underground geological conditions are right. The Mist gas field (“Mist Field”) is such a
place. :

Millions of years ago, the present gas producing sands in the Mist Field were laid
down by a large river delta advancing into the ocean (analogous to the modern Mississippi
River delta). The delta subsided and water depths increased, resulting in mud being
deposited over the sand. Compaction from the weight of the material consolidated the sand
and muds into sandstone and mudstone. Decomposition of the organic remains in the rock
formed natural gas. Large amounts of natural gas migrated into the sandstone and
accumulated in areas where it could be trapped and displace the water from between the sand
grains and form a “bubble.” Further vertical gas migration is prevented by the compressed
layers of clay that form the seal (caprock) over the sand. Tectonic forces from the collision
of the continental and oceanic plate created the faults which formed the compartments that
trap the gas and prevent lateral migration. The fact that gas remains in these reservoirs at
high pressure (up to 1,000 pounds per square inch) after millions of years demonstrates the
stable nature of these reservoirs. No man-made structures can be said to have been so
thoroughly tested.

Gas storage facilities have been constructed in similar sandstones in Washington, but
no native gas was present. That made exploration and development of the structures much
more risky and expensive. It was necessary to pump salty water out of the sandstone and to
inject gas produced in other states and transported to the site. There was no guarantee that
the injected gas would stay put or that it would be recoverable. The gas reservoirs in the
Mist Field are the only producing gas reservoirs discovered to date in Oregon and
Washington, and thus they are the only “pretested” storage reservoirs, a rare and valuable
resource. :

C. Site Background.

By the late 1970s, NNG had anticipated its need for natural gas storage capacity in
the Portland metropolitan area. NNG believed the area around Mist, in rural Columbia
County, Oregon, might be one of the few areas in the state that contained sandstones of
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reservoir quality that could be used to store natural gas. These sandstone zones, surrounded
by impermeable rock, are referred to as underground “reservoirs” although they are not
large caverns. The small spaces between sand grains add up to 30 percent of the rock’s
volume and can be filled with compressed natural gas. NNG recognized that the Mist area
would be an excellent location for storage facilities to serve the region.

Reichhold Energy Company and Diamond Shamrock Exploration Company were
exploring the Mist area with the hope that underground reservoirs containing commercial gas
deposits would be discovered. NNG formed a subsidiary, Oregon Natural Gas Development
Corporation (“ONG™), to participate with those two companies in exploring the Mist area by
drilling exploration wells to depths of several thousand feet below the surface. From NNG’s
perspective, simply finding a good underground reservoir, even without commercial gas
deposits, would have been satisfactory. The discovery of natural gas at Mist was a bonus.

The Mist Field was discovered in April, 1979. Natural gas production was
established in December of that year when the first volumes of natural gas were transported
to existing NNG pipelines through a new 12-inch pipeline. Subsequently, producing wells
from the commercial discoveries in the Mist Field were connected by buried gathering lines
to the natural gas processing equipment located at Miller Station. At Miller Station, the
produced natural gas was collected, measured, treated and odorized before its transmission
through a 12-inch pipeline to a connection with the NNG pipeline system about nine miles
away, near Clatskanie. Since 1979, over $100 million worth of natural gas has been
produced from numerous separate gas reservoirs in the Mist Field.

Through the 1980s and into the 1990s, gas exploration and production in the Mist
Field was carried on by ONG and a variety of industry partners including Reichhold Energy
Company, Diamond Shamrock Exploration Company, ARCO Oil & Gas Company and
Nahama & Weagant Energy Company. Gathering pipelines connecting individual production
wells to Miller Station were constructed and operated by ONG. ONG also operated the
production wells under contract with the various owners.

By the early 1980s, ONG had produced most of the economically recoverable natural
gas in the Bruer and Flora pools, two of the first production reservoirs at Mist. In
anticipation of that occurrence, in 1981, ONG applied for the permits necessary to convert
the Bruer and Flora pools into an underground natural gas storage facility.

In September of 1981, based on an application from ONG, the Energy Facility Siting
Council (“EFSC” or the “Council”) approved a Site Certificate for an underground natural
gas storage facility at the Mist Field in Columbia County (the “Site Certificate”). (Exhibit
1.) The Site Certificate authorized ONG to construct and operate “two naturally existing
underground gas reservoirs (the Flora and Bruer pools) * * *; Miller Station with attendant
equipment (including, but not limited to, compressors), gathering lines, access roads, existing
natural gas wells, monitoring wells and proposed injection/withdrawal wells” (collectively
known as the “Mist Site”). (Exhibit 1 at 2 and 3.) The Mist Site is located in rural
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Columbia County in parts of Sections 2, 3, 4, 10 and 11 of Township 6 North, Range 5
West, Willamette Meridian.

In 1990, ONG assigned the Site Certificate to its parent, NNG. (Exhibit 2.) The
Council approved three amendments to the Site Certificate in 1987, 1988 and 1990. The
amendments modified several terms of the Site Certificate and authorized the construction
and replacement of wells. (Exhibits 3, 4, 5.) '

D. This Project; Council Jurisdiction.

By this application, NNG proposes to expand its underground natural gas storage
facility at Mist. The project is Phase I of an expansion that may include four additional
phases over a 10-year period.

The project will include improvements to the Miller Station gas-processing facility,
including the replacement of two older 550-horsepower compressor units with a more
efficient unit that will operate at a maximum of 3,950 horsepower, construction of a new
building for the compressor and updates to related equipment. The expansion will alse
include natural gas storage in one additional naturally occurring underground pool, Al’s
Pool, in the Calvin Creek Storage Area; up to four new sites for injection/withdrawal wells,
including one to four wells at each site; approximately one mile of buried eight-inch and
six-inch gathering pipeline, which will be a twin line for about half of its length; and
approximately two and one-half miles of buried twin 16-inch transmission pipeline
(collectively, the “Project”). The Project is described in greater detail in Section IV.

When EFSC approved the Site Certificate for the Mist Site in 1981, its jurisdiction
included both the surface and underground components of the facility. In 1993, the siting
law was amended to include within the Council’s jurisdiction only the

“surface facility related to an underground gas storage reservoir
that, at design injection or withdrawal rates, will receive or
deliver more than 50 million cubic feet of natural or synthetic
gas per day, and require more than 4,000 horsepower of natural
gas compression to operate * * *.” ORS 469.300(9)(a)(H).

The underground storage reservoir, the injection, withdrawal and monitoring wells and the
individual wellhead equipment remain under DOGAMI’s pervasive authority over the wells
and other subsurface components.! ORS 469.300(9)(a)(H)(i)-(ii); see 1993 Or Laws, ch 544,

§ 3.

! State law grants DOGAMI broad authority “[t]o regulate the underground storage
of natural gas and the drilling and operation of any wells required therefor.” ORS
520.095(16). DOGAMI has exercised this authority through its adoption of comprehensive
rules governing underground storage facilities. OAR ch 632, div 10. See. e.g., OAR 632-
10-196 (gas injection of oil and gas properties).
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The surface facilities at the Mist Site are subject to Council jurisdiction because they
have the capacity to receive or deliver more than 50 million cubic feet per day and in its
current configuration the facility utilizes up to 4,800 horsepower of compression to achieve
permitted throughput rates.

Standing alone, the Project would not be an “energy facility” subject to EFSC
jurisdiction because it will have the capacity to receive or deliver only 45 million cubic feet
of natural gas per day and will require a maximum of 3,950 horsepower of compression to
operate. The pipelines would not be subject to EFSC jurisdiction either, because their
aggregate length is approximately three and one-half miles, less than the five-mile minimum
length for jurisdictional pipelines. ORS 469.300(9)(a)(E)(ii). The Council’s jurisdiction over
the Project is therefore based on the Project’s expansion of an existing jurisdictional facility.
ORS 469.320(1); OAR 345-21-000(1).

E. Amendment Process.

The Site Certificate provides alternative amendment processes. The relevant
provision® states in its entirety:

“For amendments not affecting the public health, safety or welfare and where
ONG and EFSC agree that it is desirable to amend this site certification ONG
may file with the EFSC an application for an amendment to the site certificate
agreement, which application shall state the necessary reasons therefore. The
EFSC may grant such application without further proceedings at its regular
public meeting.” (Exhibit 1 at 12-13.)

There is nothing in either the siting statute or the EFSC rules that requires a different
process. Accordingly, the amendment process set forth in the Site Certificate itself controls
this proceeding. ORS 469.401(3). Nonetheless, NNG proposes to follow a more inclusive
process including an informational meeting in the community, first and second readings
before the Council, notification of and comment from interested agencies and notice to
property owners within 500 feet of the site boundary.

The statute and the Council’s rules are similarly silent concerning the standards that
apply to the amendment of a site certificate issued before November 30, 1994. See, e.g.,

2 The other process applies if amendments are needed because “unforseen
developments” cause the facility to “present a danger to the public health, safety or welfare”
or if federal law requires a change. (Exhibit 1, at 11-12.) There is no federal law change
related to this application, and there have been no unforseen developments at the Mist Site
creating any danger to public health, safety or welfare. Indeed, the Mist Site has operated
without incident since 1988 and has provided substantial financial benefit to the area.
Accordingly, the alternative process does not apply.
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ORS 469.503; ORS 469.405; OAR 345-01-030(1) (rules in OAR ch 345 do not apply to site
certificates executed before November 30, 1994); OAR 345-27-011. NNG has therefore
volunteered to demonstrate compliance with all current Council standards.

Finally, the siting statute is ambiguous on the question of whether the EFSC process
for the amendment of an existing site certificate includes state permits relevant to siting that
are ordinarily under the jurisdiction of another agency. This Project includes at least one,
and possibly three, such permits:

1. A removal/fill permit that would normally be issued by the Division of State
Lands (“DSL”);

2. A limited license for water withdrawal of that would ordinarily be issued by
the Water Resources Department (“WRD”); and

3. A water pollution control facility (“WPCF”) permit that would ordinarily be
issued by the Department of Environmental Quality (“DEQ”).

NNG therefore proposes to work with Council staff on submittal of the necessary
applications to DSL, WRD and DEQ and to provide the decisions of those agencies to the
Council. NNG anticipates final responses from all three agencies before the Council’s first
reading on this application.

1. APPLICANT INFORMATION

Name and Address:

Northwest Natural Gas Company

220 NW 2nd Avenue

Portland, Oregon 97209

Place of Incorporation:

Oregon and Washington

Contact Persons:
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Carla L. Kelley Margaret D. Kirkpatrick

Associate Counsel | Stoel Rives

Northwest Natural Gas Company 000 SW Fifth

220 NW 2nd Avenue Suite 2300

Portland, Oregon 97209 Portland, Oregon 97204
503-220-2403 503-294-9339%

Fax: 503-721-2516 _ Fax: 503-220-2480

E-mail: cuk@gasco.com

IV.  PROIJECT DESCRIPTION

The Project will develop new underground gas storage capacity and expand the
existing Miller Station facility so that an additional 45 MMcfd of storage gas can be
delivered into the Portland load center on a design day. This expansion will increase the
combined total Mist storage peak day delivery capability to 145 MMcfd from the current
maximum capability of 100 MMcfd. This expansion will require the development of a new
storage reservoir with high capacity injection/withdrawal wells, the installation of a new
high-capacity gathering pipeline from Miller Station to the Calvin Creek well locations and
the upgrading of processing and compression equipment at Miller Station.

A. Reservoir Development Phase.

The Calvin Creek Storage Area is located two and one-half miles south of NNG’s
Miller Station compressor plant near Mist, Oregon. (Exhibit 6.) There are two reservoirs
located in this area that have sufficient storage capacity for this Project. NNG has secured
the storage rights to both of these reservoirs.

A three-dimensional seismic survey was acquired for the entire Calvin Creek Storage
Area. Based on this data and other geologic and reservoir engineering data, Al’s Pool was
selected for development in this Project. Test injection into Al’s Pool is underway, and the
pressure response of the pool is being monitored.

The reservoir will be developed using vertical and high-angle directional wells. Four
locations from which to drill the injection/withdrawal wells have been selected and evaluated
for geotechnical suitability. The integration of three-dimensional seismic data, reservoir
engineering data and drilling engineering evaluation will determine which of the locations
will actually be used. It may be possible that all wells can be drilled from as few as two of
the four locations. It is anticipated that at least four wells will be needed to achieve the
injection/withdrawal flow rates required for the Project. One to two observation/monitoring
wells will also be drilled. These wells will be used to observe water movement within the
reservoir and monitor the potential spill point of the reservoir.
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B. Gathering System Additions.

The gathering system will consist of two parallel 16-inch pipelines from Miller Station
to a pipeline transition point in the Calvin Creek Storage Area. At that point, the 16-inch
pipelines will join eight-inch and six-inch twin gathering lines connecting them to the
individual wellheads in the area. (Exhibit 7.)

The parallel pipelines will be installed in the same right-of-way and spaced
approximately 10 feet apart. These pipelines will be the primary gathering line between
Miller Station and the Calvin Creek Storage Area. To accommodate future storage
expansion, each 16-inch pipeline is designed to transport up to 100 MMcfd. This exceeds
the requirements of the Project by 75 percent. This larger line capacity is designed to
mitigate the future environmental impacts of later stages of the storage expansion.

The total pipeline alignment will travel under approximately three and one-half miles
of pasture land, clear cuts and reforested timberlands. It will also cross under the Nehalem
River and State Highway 202. The anticipated right-of-way involves five landowners. The
construction right-of-way requirements will not exceed 80 feet in width. NNG will maintain
a permanent right-of-way approximately 40 feet wide in the area above the pipeline for
maintenance and safety.

To avoid areas where slope stability is a concern, NNG conducted a geotechnical
review of a preliminary route. NNG then realigned the pipeline right-of-way based on the
study results in order to avoid geotechnical hazards. (Exhibits 10 and 11.) NNG has
conducted a cultural and environmental review in accordance with existing regulations to
ensure that there will be no adverse effect to any cultural or environmental resources.
(Exhibit 21.) NNG will also work closely with all relevant permitting agencies during
construction to satisfy all permitting requirements.

C. Miller Station Improvements.

The total gas throughput of Miller Station will be increased to accommodate the
expanded storage capacity. The increased throughput will require improvements to Miller
Station’s compressor capacity, piping, control, dehydration and auxiliary systems.

(Exhibit 8.) These improvements will be made so that station downtime is limited to 30 days
and scheduled to avoid conflict with the 1997-98 winter delivery requirements. The existing
compressor capacity consists of two 1,350-horsepower (large) and two 550-horsepower
(small) compressors. All of the existing compressors are reciprocating compressors with
natural gas-fired internal combustion engines. The two large compressors have newer
engines that utilize clean burn technology that minimizes NOx emissions. The small
compressors have older engines that are inefficient and have no emissions controls.

To increase the net compressor capacity, NNG will replace the two small compressors
with a single gas-fired, turbine-driven centrifugal compressor that has state-of-the-art
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emissions controls. The new compressor is rated at 5,035 BHP @ 59° F ambient air
temperature. With the removal of the two older small compressors, the net compression
available will increase by 3,935 BHP with a net reduction in NOx emissions.

The capacity of Miller Station will be expanded by 45 MMcfd to handle the full
“design capacity of this Project in addition to the existing Bruer and Flora reservoirs. The
design modifications to Miller Station include upgrades to the gas dehydration system, station
piping, controls and auxiliary systems so that in the future the station can be further
upgraded to approximately 300 MMcfd if future storage projects prove to be viable.

V. DIVISION 22 STANDARDS

A. Organizational, Managerial and Technical Expertise (OAR 345-22-010).

Under this standard, the Council determines whether the applicant has the
organizational, managerial and technical expertise to construct and operate the facility. To
conclude that the applicant has the necessary expertise, the Council must determine that the
applicant has “a reasonable probability of successful construction and operation of the facility
considering the experience of the applicant, the availability of technical expertise to the
applicant, and, if the applicant has constructed or operated other facilities, the past
performance of the applicant, including but not limited to the number and severity of
regulatory citations, in constructing or operating a facility, type of equipment, or process
similar to the proposed facility.” OAR 345-22-010(1).

1. NNG’s Underground Storage Experience.

NNG is a 140-year-old company whose core business is the local distribution of
natural gas. Around 1980, NNG began developing the natural gas fields in the Mist area for
the reinjection and storage of natural gas. Since 1988, NNG has operated its underground
natural gas storage operation at Mist under the Site Certificate that is now in the amendment
process. ' NNG also has a site certificate authorizing it to build and operate the South Mist
Feeder pipeline, which brings natural gas to and from the storage facility.

The storage facility allows NNG to store natural gas that it purchases from the
interstate pipeline and to withdraw that gas when it is needed for particularly cold weather
and peaking requirements. Company personnel who have been managing the existing storage
operation will continue to operate the expanded facility. These include the operators who run
Miller Station, the compressor station at Mist, and the geologists and engineers who were
formerly employed by an NNG subsidiary, ONG. The subsidiary is now dissolved and its
employees work directly for NNG. Many of the individuals now working for NNG, who are
involved in the design and construction of the expanded facilities, have been with the
underground storage project at Mist since its inception.
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2. Technical Expertise Available to NNG.

NNG has assembled an experienced team of professional, technical and administrative
personnel to manage all phases of the Project. Following is a brief description of several key
members of the Project team:

Charlie Stinson, Project Manager--Charlie is an Oregon-registered petroleum engineer
who has been continually involved in the Mist development since its discovery in 1979.
Specific experiences at Mist include management of the Bruer/Flora storage reservoir
development, supervision of the installation and operation of the gas production gathering
system and management of various gas development ventures.

Dean Carter, KTI Fish Engineering; Miller Station Expansion Design--Dean has over
35 years of technical and managerial experience in the management of similar projects. His
list of projects includes the installation of 10,000-horsepower of compression and related
facilities at the Warren Gas Storage field in Mississippi.

Warren Harris, Pipeline Design & Installation--Warren is a mechanical engineer with
over 28 years of experience in the design and construction of gas pipeline systems in the
Pacific Northwest. Warren was a key member of NNG’s South Mist Feeder project installed
in 1989.

Jack Meyer, Reservoir Development--Jack is an Oregon-registered geologist with over
20 years of geological and geophysical mapping and interpretation experience. Jack has
worked on the Mist Project for both exploration purposes and underground storage
development at the Bruer and Flora pools continuously for the past 16 years.

Nick Potts, Storage Operations--Nick has a degree in mechanical engineering
technology and has worked for NNG for the past 16 years in design and operations. For the
past 12 years Nick has been the Superintendent of Storage, which includes the current Mist
storage operations.

Todd Thomas, Field Development--Todd has a degree in geology but has operated for
the past 15 years as a drilling superintendent and field operations engineer. Todd was a
member of the Bruer/Flora reservoir development team and supervised the drilling of all the
wells.

Tim Williamson, Mist Storage Supervisor--Tim has been the on-site supervisor at
Miller Station for the past nine years. Before that Tim worked as an oil and gas field
superintendent, drilling exploratory wells at Mist and in other areas of the United States.
Tim was an integral member of the Bruer/Flora project.

NNG has contracted with KTI Fish Engineering to design the new compression
facilities. A final contract award has not yet been made for the construction of the
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compressor station and pipeline, but Mount West Fabrication, Plants and Stations, Inc. is a
leading contender. NNG will notify EFSC as soon as a final selection is made. The pipeline
will be designed by NNG’s in-house pipeline engineers in conjunction with the KTI Fish
design of the storage facility.

3. Past Performance.

The existing storage facility has been in operation since 1988. During that time, the
facility has had an exemplary safety record, operating without a single safety citation from
OSHA or a single lost time accident.

Similarly, NNG has not received a single regulatory citation from DOGAMI in
connection with its underground storage operations.

Last May, the Oregon Public Utilities Commission (the “PUC”) conducted an on-site
inspection of the existing storage facility and reviewed the Operations and Maintenance
Procedures for the plant. The PUC found no probable violations. (Exhibit 9.)

Based on NNG’s experience with its existing underground storage facility, the
expertise of key personnel and its past performance with the existing facility, NNG has
demonstrated that it has a reasonable probability of successful construction and operation of
the Project and has the requisite organizational, managerial and technical expertise.

B. Structural (OAR 345-22-020).

Under the structural standard, the Council determines whether

“(1) The applicant, through appropriate site-specific study, has adequately
characterized the site in terms of seismic zone and expected ground response
during the maximum credible seismic events; and

(2) The facility can be designed, engineered and constructed adequately to
avoid potential dangers to human safety presented by seismic hazards affecting
the site, as defined in ORS 455.447(1)(d) and including amplification, that are
expected to result from all reasonably probable seismic events.”

The standard has two components, a site characterization requirement and a design and
construction requirement. NNG engaged Dames & Moore to prepare a geotechnical
investigation of the entire Project site, which is attached as Exhibit 10. Dames & Moore
also prepared a separate geotechnical investigation with recommendations for design and
construction of the Project. That report is attached as Exhibit 11. For the purposes of this
section, the Project is divided into three site components: (a) the Miller Station site, (b) the
injection/withdrawal wellsites, and (c) the pipeline alignment from Miller Station to the
wellsites. (Exhibit 11 §§ 2.1- 2.3.)
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Before discussing each of those sites, we discuss the regional geologic setting of the
Project and the seismic characteristics of the entire Project area. Then we discuss each of
the three site components in turn, examining the site characterization and construction
requirements responsive to the above regulation. References to Exhibits 10 and 11 point to
more detailed information in the Dames & Moore reports supporting this discussion.

1. Regional Geology.

The Mist Field is located in the northern portion of the Coast Range physiographic
province. Most rock layers in the area formed between 65 and 30 million years ago. A
chain of volcanic islands, perhaps not unlike today’s Hawaiian Islands, was carried eastward
on the Pacific Ocean floor toward a collision with the westward moving edge of North
America. That collision process continues today at a rate of one or two centimeters per
year. As the more dense ocean floor is driven beneath the western edge of North America,
stresses accumulate. Earthquakes occur when these stresses are released. The zone of
collision between the Pacific Ocean floor and North America, running from British Columbia
to northern California, is referred to as the Cascadia Subduction Zone. “Subduction” is the
geologic term for the thrusting of the ocean floor beneath the continent. The chain of
islands, being too thick to pass smoothly beneath North America, became part of Oregon’s
Coast Range. (Exhibit 10 § 3.1.)

As the island chain approached the continent, sediments collected in the gap between
the two, varying from sand to mud and including substantial amounts of volcanic ash. The
sediments derived from the erosion of the North American continent and were carried to the
sea by rivers. As the sediments grew deeper, the compressive forces of their own weight
transformed them into the rock layers recognizable in the Mist Field today. The basalt
(black) lava flows of the volcanic island chain underlie the area at a depth of several
thousand feet. Above that basement, in the Mist Field area, is a layer of clean sandstone
known as the Clark and Wilson Sandstone which contains the producing gas reservoirs and
storage reservoirs in the Mist Field.

Above the Clark and Wilson Sandstone {part of the Cowlitz Formation) are several
layers of mudstone and siltstone, including up to 1,600 feet of mudstone and siltstone known
as the Keasey Formation. The Keasey Formation is composed mainly of volcanic ash from
the ancient Cascade Range. Above the Keasey Formation are additional thick sandstones and
mudstones of the Pittsburgh Bluff Formation, formed approximately 30 million years ago.
These are capped by relatively thin layers of the same Columbia River Basalt group that is so
well exposed in the Columbia River Gorge, which erupted between 15 and 5 million years
ago. Above the basalt are more recent clay and silt soils, reaching a depth in excess of 50
feet at Miller Station. (Exhibit 11 § 6.2.2.3.)

The entire volcanic and sedimentary assemblage of the Coast Range was compressed

and arched upward by the collision between the Pacific Ocean floor and North America,
creating numerous faults and structures that have trapped natural gas in the Clark and Wiison
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Sandstone in the Mist Field. The stability of those reservoirs is confirmed by the fact that
despite millions of years of uplift, the gas has not escaped. Though the uplift of the Coast
Range continues at a rate of one inch every 36 years at Astoria, the rate of uplift at the Mist
Field is slower. (Exhibit 10 § 3.1.)

Erosion has carved steep valleys in the sedimentary and volcanic layers of the Coast
Range, creating alluvial soils in river valleys. The strength of the eroded rock layers varies
according to composition, as might be expected, with basalt lava layers being more resistant
to erosion and slumping while mudstones and recent alluvium are less competent. Landslides
can occur in the less competent rocks and soils. A geologic map showing the rock layers,
alluvium and known landslides as they occur in the project area is included at Exhibit 10,
Figuire G-2.

2. Seismic Characterization.

Since 1993, all of western Oregon has been classified, for Uniform Building Code
(“UBC”) purposes, as being in Seismic Zone 3. The UBC provides design criteria for
buildings in this zone based on the ground acceleration and likely amplification of shaking
that may occur during an earthquake. Three general sources of earthquakes are recognized
in the Project area.

First, there is geologic evidence that over the past 4,000 years as many as eight
earthquakes with magnitudes in excess of eight may have occurred, with the most recent
being over 300 years ago. These “interplate” earthquakes are centered off the Oregon coast,
where the Pacific Ocean floor and North American “plates” of the earth’s crust grind
together. For design evaluation purposes, a quake of magnitude 8.5 originating 15 miles
beneath the earth’s surface at a distance of 45 miles from the project site is considered the -
maximum credible event.

The second source of earthquakes is farther inland, beneath the Willamette Valley and
beneath the Cascade Range. There, the descending slab of Pacific Ocean floor begins to
break within the earth’s upper mantle, releasing stresses within the slab (an “intraplate”™
earthquake). A quake of magnitude 7 originating thirty miles beneath the earth’s surface at a
distance of 6 miles from the Project site is considered the maximum credible event from that
source.

Finally, occasional movement along faults in the rocks of the Coast Range may occur,
though historical activity is sparse (a “crustal” earthquake). A quake of magnitude 6
originating six miles beneath the earth’s surface at a distance of six miles from the Project
site is considered the maximum credible event from this source. (Exhibit 10 § 6.2.) There
have been several small earthquakes within 50 miles of the Project site since the mid-1800’s.
A table of 15 events in the Magnitude 4-5 range is included in Exhibit 10 § 6.1.
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Dames & Moore has calculated the peak ground accelerations and the expected
amplification of vibrations that would occur at the Project site during the maximum credible
event from each of these three earthquake sources. All calculated effects were less than the
seismic loadings for UBC Seismic Zone 3. Accordingly, conventional UBC design methods
are appropriate for design of project structures at Miller Station. Welded steel pipelines like
those to be installed between Miller Station and the wellsites have not been damaged by
earthquake shaking of this magnitude during earthquakes in California. (Exhibit 10 § 8, n.
12.) Note that in making these calculations, Dames & Moore used the maximum credible
seismic event, rather than a lesser “reasonably probable” seismic event, and the resultant
ground accelerations were within design criteria for the Project facilities, as described below.
Therefore, the facilities can be designed to withstand any reasonably probable seismic event.

Earthquake shaking motions can be amplified or dampened by specific ground
conditions. Some wet sandy soil types can become liquefied during earthquakes causing
them to flow. Finally, earthquakes can produce ruptures at the surface of the earth. The
Project site has been evaluated for potential amplification, liquefaction and rupture, as
detailed in the following sections. Dames & Moore conclude that these factors do not create
increased risk to the Project facilities, as detailed below.

3. Miller Station.

Miller Station is on a ridge at an elevation between 1,040 and 1,080 feet and has been
graded to gentle slopes. Subsurface soil conditions were investigated with 10 borings to
depths between 20 and 51 feet and two cone penetration tests. The results are included in
Exhibit 11, Appendices A and B. The soil at the site is described as highly variable layers
of silt and clay. (Exhibit 11 § 6.2.2.2.) The soils are moderately compressible but the
limited capacity for subsidence should not affect small building foundations. Perched
groundwater occurs 8 to 12 feet below the surface which may be encountered in some of the
trench and foundation excavations. (Exhibit 11 § 6.2.3.)

Using data collected from the site, Dames & Moore analyzed the Miller Station soils
for response to earthquake shaking. Dames & Moore concluded that no amplification would
occur in the soil profile at Miller Station. Thus the facilities can be safely designed with
conventional UBC methods. (Exhibit 10 § 7.2.) Neither is soil liquefaction a concern at
Miller Station. (Exhibit 10 § 7.5.) Finally, there is no evidence of surface ruptures in the
vicinity of Miller Station resulting from earthquake activity in the past 1.6 million years.
Given the infrequency of earthquakes in the immediate project area, Dames & Moore
believes that the risk of surface fault rupture in the entire project area is low. (Exhibit 10 §
7.6.)

Section 7 of Exhibit 11 contains extensive geotechnical recommendations for the
construction of the Miller Station facilities. Dames & Moore has concluded that the facilities
can be designed and constructed safely, with very low risk of damage during the maximum
credible seismic event, and therefore, with very low risk of danger to human safety.
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4. Pipeline Alignment.

The planned pipeline alignment extends approximately 2.5 miles south from Miller
Station, dropping in elevation from 1,080 to about 600 feet in the Nehalem River Valley,
then rising on the south side of the valley to an elevation of about 740 feet at the wellsites.
(Exhibit 11, Figure 1.) Throughout most of the alignment, a trench will be cut
approximately six feet deep. Deeper excavations will be required at the Highway 202 road
crossing. Dames & Moore evaluated the alignment by reviewing geological maps and
conducting surface investigations. The hillside areas are covered by sandy and clay soils.
The soils are underlain by the Keasey Formation, a mudstone. The Nehalem River
floodplain is covered with alluvium of silty sand over gravels. Subsidence is not an issue for
the pipeline, since the pipe will exert very little load on the soils.

Seasonal groundwater springs may be expected in the hilly areas and groundwater
levels in the Nehalem River Valley will vary seasonally, being at or close to the surface
during the wet season and perhaps six to eight feet lower in the dry season. The soils tend
to be quite wet, and because of their clay content and low strength, the soils and bedrock in
the general area are susceptible to landsliding, which could be triggered by seismic shaking.
The pipeline alignment has been revised to avoid unstable ground affected by landslides.
(Exhibit 11 § 8.1.) Exhibit 11, Figures 3a and 3b show the areas affected by landslides and
the suggested pipeline alignment. Dames & Moore concludes that the revised pipeline
alignment has a low to very low risk from landsliding induced by seismic shaking. (Exhibit
10 § 7.3.) NNG has revised the pipeline alignment in accordance with the Dames & Moore
recommendations.

Dames & Moore surveyed the geologic literature and inspected the pipeline alignment
for expression of faults by rupturing of the surface. No such fault ruptures are mapped in
the area. They concluded that the risk of surface fault rupture was very low throughout the
Project area. (Exhibit 10 § 7.7.)

The sandy soils in the Nehalem River Valley within 10 feet of the surface may be
subject to liquefaction during an earthquake. Engineering studies were performed to
estimate the maximum movement of such soils when subjected to shaking even greater than
the maximum credible seismic event, determining that movements of 12 inches may be
experienced. (Exhibit 10 § 7.5.) Such liquefaction will not affect the pipeline near the
Nehalem River, as NNG plans to directionally drill the pipeline beneath the river. The
pipeline will be embedded in non-liquefiable mudstone deposits below the alluvium.

Nearer the edge of the valley, where the pipeline is closer to the surface, the pipeline
will pass through the shallow layer of liquefiable alluvium. Statistical studies of the behavior
of gas pipelines in liquifiable soil during historical earthquakes indicate that there is a very
low probability that the welded steel pipeline that NNG will install would leak as a result of
liquifaction of the thin alluvial soil layer. (Exhibit 10 § 7.6.)
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In summary, the pipeline alignment has been evaluated for seismic hazards including
shaking, amplification, landsliding, soil liquifaction and surface rupture. The pipeline can be
designed and built through this corridor with very low risk of any damage from seismic
hazards, and therefore, with very low risk of any danger to human safety.

5. The Wellsites.

The site conditions of the wellsites are the same as described for the southern end of
the pipeline alignment. (Exhibit 11 § 6.3.) Wellsite locations are shown on Figure 3a in
Exhibit 11. The wellsites may require up to 15 feet of cut and fill to make them level.
There will be no large structures on the wellsites comparable to the compressor buildings and
dehydration facilities at Miller Station. Dames & Moore has made recommendations based
on its geotechnical investigation of the wellsite areas which will result in stable pads for
construction of the wells. No risk to the wellsites is expected from shaking, amplification,
subsidence, landsliding, soil liquifaction or surface fault rupture. The wellsites can be
designed and constructed with very low risk of damage from seismic hazards, and therefore,
with very low risk of any danger to human safety.

C. Soil Protection (OAR 345-22-022).

Under this standard, the Council determines whether the design, construction and
operation of the facility, taking into account mitigation, is likely to result in a significant
adverse impact to soils.

NNG has obtained from Dames & Moore a study of the major ecological communities
and soil types in the project area, which is attached as Exhibit 12. A topographic map
showing the elevations of Miller Station, the pipeline alignment and the wellsites is included
in Exhibit 10, Figure G-1.

1. Plant Communities.

Exhibit 12, Figure N-1 details the major plant communities affected by the Project.
Miller Station is within second growth conifer forest, between 20 and 50 years old. The
pipeline alignment passes from Miller Station south and down slope through young conifer
forest, and small wetlands. Crossing the Nehalem River Valley, the pipeline alignment
intersects farmed hay and pasture land, then rises on the south side of the valley through
mixed conifer and deciduous forest and two more small wetlands. The wellsites, and the
gathering pipeline between wellsites, is within young and second growth conifer forest. The
plant species found in these zones are listed in Exhibit 12 § 2.

The wetlands described above have been severely affected by human activity. One is

bisected by a logging road, one is a pasture and one is a hay field. One has an existing gas
pipeline and an access road, installed 10 years ago. (Exhibit 12 § 2.5.) Of all the small
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wetlands, the one crossed by the existing gas pipeline has the best wildlife habitat, having
recovered from the construction activity ten years before.

2. Soil Types.

Ten soil types will be subject to project construction activities. Exhibit 12, Figure N-
2 is a map of the soil types. Descriptions of each soil type are within the text of Exhibit 12.

3. Miller Station: Effect on Soils.

Miller Station is an existing industrial site, already dedicated to gas storage activities.
NNG elected to add new compression facilities to Miller Station, rather than to create a
second compression facility near the wellsites, in part to reduce potential adverse impacts to
soils in the area. There will be very little earthwork at Miller Station for new foundations.
No significant cutting or trenching is expected. The planned equipment locations are already
covered with crushed rock. Geotechnical studies and construction recommendations have
been prepared by Dames & Moore and are included in Exhibit 11.  Additional crushed rock
will be added to protect the soils from erosion where there will be heavy traffic. Exhibit 11
§ 7 (Miller Station Recommendations). Therefore, there will be no significant new adverse
impact to soils at the Miller Station site.

4, Pipeline Alignment; Effect on Soils.

The pipeline alignment will contain two 16-inch diameter pipelines approximately 10
feet apart, and then dual eight-inch and six-inch pipelines, in a 40-foot wide right-of-way.
The pipes will be surrounded in their trenches by special granular bedding materials for
uniform support and drainage. The construction of the pipeline will result in temporary
disturbance to a variety of soil types and plant communities. In the elevations above the
Nehalem River Valley, timber and brush must be removed for pipeline construction.
However, the pipeline corridor is of limited width and after pipeline burial, plant growth will
be established to prevent erosion. Native soils will be used for backfill once the pipeline is
surrounded by bedding sand.

As illustrated by the wetland already crossed by a gas pipeline, the presence of the
pipeline will likely be more protective of the soils than other land uses in the area (timber
harvesting, pasturmg and hay harvesting) since less intensive surface use will be made of the
pipeline corridor in the future.

As with Miller Station, Dames & Moore has provided detailed geotechnical
information and construction recommendations with respect to the pipeline alignment, to
prevent erosion during construction and to assure the future stability of the pipeline. (Exhibit
11 § 8.) Directional drilling will emplace the pipeline well under the bed and banks of the
Nehalem River, avoiding disturbance to the alluvial soils along the river. The pipeline
alignment has been changed following investigation of the slopes in the area, to avoid slopes
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already affected by landsliding. Therefore, the pipeline will not exacerbate existing slope
instability. Drainage conduits will be provided at the base of all sloping sections of the
alignment, to safely conduct away water that will collect in the bedding sand. (Exhibit 11 §
8.2.5.) The net effect of the pipeline alignment on area soils will be minimal.

5. Wellsites. Effect on Soils.

Between one and four wellsites for injection and withdrawal facilities are planned,
with each site capable of supporting several wells. Three or four monitoring wells will be
installed on smaller pads near the main well pads. Each main wellsite will be approximately
230 feet by 100 feet, or approximately half an acre. The wellsites have been tentatively
located as shown on Exhibit 12, Figures N-1 and N-2 (showing affected soils (mostly silty
loam) and plant communities (young and second growth conifer)).

Dames & Moore has investigated the wellsites and finds that none are underlain by
landslides or slope failures. (Exhibit 11 § 9.1.) Additional survey work will be done to
assure that the site boundaries make optimal use of the existing topography. The wells will
be designed to be free from creeping or sliding land masses during the 50-year design life of
the injection/withdrawal wells. The pads will be constructed with berms and appropriate
gradients to divert surface runoff away from cut slopes, to prevent erosion.

During construction of the wellsites, organic topsoil will be segregated for special
handling. Wellsite cuts and grading may require up to 15 feet of fill to achieve the proposed
elevations. Fill will be compacted to 92% relative compaction. Non-organic soils on the site
will probably be suitable for fill. Organic soils may be used in areas at least 25 feet away
from the wells, since they may decompose over time. Crushed rock will be placed on access
roads to prevent erosion. All slopes will be revegetated as quickly as possible for the same
reason.

In all, only about two acres of soils will be affected by the wellsites. Construction
and design of the wellsites will ensure that landslides and erosion will not be caused by the
construction of the welisites. In the context of the substantial impacts on area soils related to
timber harvesting and agricultural activities, the effect of the proposed wellsite construction
will be minimal.

D. Land Use (OAR 345-22-030).

Under this standard, the Council determines whether “the facility complies with the
statewide planning goals adopted by the Land Conservation and Development Commission”
(“LCDC™). OAR 345-22-030(1). A proposed facility “shall be found in compliance” with
the statewide planning goals “if * * * [t]he facility has received local land use approval under
the acknowledged comprehensive plan and land use regulations of the affected local
government * * *.” QAR 345-22-030(2)(a).
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The Project is located in Columbia County (the “County”), and the County has land
use jurisdiction over the Project site. The County is therefore the “affected local
government” under this standard. LCDC acknowledged the Columbia County
Comprehensive Plan and the Columbia County Zoning Ordinance on July 25, 1985.

NNG submitted a consolidated conditional use permit and site design review
application to the County for the Miller Station modifications on December 30, 1996.
County staff recommended approval based on findings of compliance with the applicable
Zoning Ordinance and Comprehensive Plan provisions. (Exhibits 13, 14,) The Columbia
County Planning Commission held a public hearing on the application on February 3, 1997.
At that meeting, the Planning Commission approved the application by a unanimous vote,
adopting the findings and conclusions in the staff reports. No one opposed the application.

On February 12, 1997, the County issued notice of its approvals of the conditional
use permit (CU-53-96) and site design review (DR 21-96). (Exhibits 15, 16.) The County’s
decisions became final 10 days later, on February 22, 1997.

On January 27, 1997, NNG submitted a consolidated conditional use permit and site
design review application to the County for the underground storage reservoir, wells and
pipelines. The staff again recommended approval based on findings of compliance with
applicable Zoning Ordinance and Comprehensive Plan provisions. (Exhibits 17, 18.) The
Planning Commission held a public hearing on the application on March 3, 1997. Again, no
one opposed the application. NNG, however, sought several changes to the staff reports to
correct and clarify certain points. The Planning Commission approved both the requested
changes and the application by a unanimous vote, adopting the findings and conclusions in
the staff reports, as modified.

The County issued notice of its approvals of the conditional use permit (CU 2-97) and
site design review (DR 3-97) on March 7, 1997. (Exhibits 19, 20.) The County’s decisions
became final ten days later, on March 17, 1997.

NNG has therefore received local land use approvals under Columbia County’s
acknowledged Comprehensive Plan and land use regulations, enabling the Council to find
that the Project complies with the statewide planning goals adopted by LCDC.

E. Protected Areas (QAR 345-22-040).

This standard prohibits the siting of an energy facility in any of the protected areas
listed in the rule.

The standard permits the siting of a facility outside the listed protected areas so long

as the “design, construction and operation” of the facility “is not likely to result in
significant adverse impact to” any of the protected areas. OAR 345-22-040(1).
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Listed protected areas include national parks, national monuments, wilderness areas,
national and state wildlife refuges, national coordination areas, national and state fish
hatcheries, national recreation and scenic areas, state parks and waysides, state natural
heritage areas, state estuarine sanctuaries, scenic waterways, experimental areas established
by the Rangeland Resources Program, agricultural experimental stations, research forests,
Bureau of Land Management areas of critical environmental concern and state wildlife and
management areas. Id.

To evaluate the Project’s impacts to listed protected areas, NNG retained
Dames & Moore to identify all listed areas in or near the Project’s boundaries. (Exhibit 21
at 1.) The scope of the identification study extended beyond 90 miles for national areas and
averaged 20 miles for state areas. The range of the identification study was based on the
existence of any listed area within the northwest Oregon and southwest Washington
geographic area rather than a set radius based on miles.?

No protected areas are located within the Project boundaries.

Listed national areas within the range of study include Mt. Rainier National Park at
more than 90 miles, Goat Rocks Wilderness Area at more than 90 miles, Mt. St. Helens
National Monument at 40 miles and the Columbia Gorge National Scenic Area at 50 miles
from the site. The closest national or state wildlife refuge is located on the Columbia River
at more than 20 miles from the site.

A state Estuarine Sanctuary was identified on the Columbia River about 15 miles
from the site.

The following areas were not identified within the range of the study: national
coordination area, national or state fish hatcheries, state Natural Heritage area, scenic
waterways, experimental rangeland areas, agricultural experiment stations, research forests,
Bureau of Land Management areas of concern or state wildlife or management areas.

3 Under EFSC'’s siting statutes and rules, in most cases the Office of Energy issues a
“project order” that identifies “impact areas” for a project. These are based on “study
areas” (see OAR 345-01-010(50)), which may be modified based on information obtained in
the pre-application phase of the siting process. However, there is no project order for an
amendment application; therefore no impact areas have been set for this Project. In most
cases, NNG used the study areas established by rule for surface facilities related to
underground storage projects.

However, OAR 345-01-010(50) does not set a study area for protected areas. The
study area for protected areas is generally 20 miles. NNG reviewed an area that averaged 20
miles for state designated areas, but looked farther west toward the coast and farther north
along the Columbia River.
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The design, construction and operation of the Project will not have any adverse
impact on any of the listed protected areas. The Project has minimal impacts even on its
closest neighbors and is too far from the closest protected areas to affect them. The closest
protected areas are a wildlife refuge and estuarine sanctuary located on the Columbia River
approximately 15 miles from the Project site. Miller Station will not be visible 15 miles
away and has no other features that could impact resources at that distance. The rest of the
Project is underground and similarly has no potential for adverse impacts on remote
protected areas.

Accordingly, the Project is not located in a protected area and its design, construction
and operation will not have any adverse impact on any of the areas listed as protected by
OAR 345-22-040.

F. Financial Assurance (OAR 345-22-050).

Under this standard, EFSC determines whether the applicant has a reasonable
likelihood of obtaining a bond or comparable security, satisfactory to EFSC, in an amount
adequate to restore the site if the site certificate holder: (1) begins but does not complete
construction of the facility or (2) permanently closes the facility before establishing a
financial mechanism or instrument, satisfactory to the Council, that will assure funds will be
available to adequately retire the facility and restore the site.

This standard and the Retirement Standard in OAR 345-22-130 are designed to ensure
that funds are available to restore the site in three different circumstances: (1) the facility
construction is begun but not completed by the time required in the site certificate, (2) the
facility is permanently closed before a retirement fund is fully funded and (3) the facility is
permanently closed after the retirement fund is fully funded. Under this standard, EFSC
addresses the availability of funds in the first two circumstances.

An underground storage facility has an indefinite useful life and retirement of the
Mist storage facility is unforseeable at this time. However, retirement is theoretically
possible at any time.

NNG estimates the cost of restoring the site to be approximately $310,000 in 1996
dollars. This amount will be offset by an estimated salvage value of installed equipment of
$580,000. A description of the bases for those estimates is set forth in Section V.N.

NNG’s annual reports for 1994 and 1995 are attached as Exhibits 22 and 23. NNG
will submit its 1996 annual report as soon as it is available (April 1997).

Together, Section V.N and the annual reports demonstrate that the cost to restore the
portions of the site related to this amendment is small relative to the value of existing
certificated facilities at Mist and their salvage value. There is therefore no question that
NNG could restore the site after construction began if it did not intend to proceed with the
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Project or if NNG were to close the facility before establishing a funding mechanism for site
restoration. Furthermore, the existing Site Certificate, which this application seeks to
amend, does not require such a mechanism.

G. Fish and Wildlife Habitat (QAR 345-22-060).

Under this standard, the Council determines whether the design, construction,
operation and retirement of the facility, taking into account mitigation, is consistent with the
fish and wildlife habitat mitigation goals and standards of OAR 635-415-030.

OAR 635-415-030 describes four categories of habitat in order of their value. The
rule then establishes mitigation goals and corresponding implementation standards for each
habitat category.

Habitat Category 1 is habitat of exceptional value. The goal is “no loss of either
habitat units or habitat value.” OAR 635-415-030(1)(a). The implementation standard
requires avoidance of impact.

Habitat Category 2 is high-value habitat. The goal is “no net loss of either habitat
units or habitat value.” OAR 635-415-030(2)(a). The implementation standard is avoidance
or mitigation in-kind, on-site.

Habitat Category 3 is also high-value habitat. The goal is “no net loss of either
habitat units or habitat value.” OAR 635-415-030(3)(a). The implementation standard is
avoidance or mitigation either in-kind or out-of-kind, and either on-site or off-site.

Habitat Category 4 is habitat of low value. The goal is to “minimize the loss™ of
habitat value or, if possible, conserve or enhance habitat. OAR 635-415-030(4)(a). The
implementation standard provides for flexible mitigation.

To ensure compliance with the fish and wildlife habitat mitigation goals and
standards, NNG engaged Dames & Moore to conduct a biological resource investigation and
evaluation (the “Biological Study”) of the proposed project area. The Biological Study
identifies the major ecological habitats, characterizes the habitat by category, identifies the
potentially affected fish and wildlife species, evaluates the potential impacts to habitats and
establishes mitigation measures. (Exhibit 21 at 1-7.)

As part of the study, a biologist walked the entire length of the pipeline route and
well sites to identify all habitat, wetlands and streams that would be affected by the Project.
A 200-foot-wide corridor was evaluated to accommodate potential route adjustments. Areas
were recognized as wetlands if they contained evidence of hydrophytic vegetation, hydric
soils and wetland hydrology. Any watercourse with a defined channel was recognized as a
stream. (Id.)

PDX1A-69573.2 55570-0087 24




The Biological Study did not include the 12-acre Miller Station site because it is
completely fenced, most of the site is paved with gravel or covered with buildings and the
remainder is of no habitat value due to continuous human activity in the area.

1. Habitat Identification.

The Project will extend though five major ecological habitat types. The pipeline will
cross two second-growth conifer forests ranging in age from 20 to 50 years, two regenerating
clear-cut areas with trees ranging in age from five to 10 years and a stand of mixed conifer
and deciduous forest. The pipeline will traverse the Nehalem Valley where it will cross
under cultivated hay and pasture fields and cross under the Nehalem River. The pipeline
will cross wetlands on each side of the Nehalem Valley, and on the south side of the valley it
will cross three unnamed tributaries.

Five areas of wetland were found in the pipeline corridor. The wetlands are palustine
emergent wetlands that have been severely affected by human activity. The first wetland is
adjacent to Barnhardt Road and was probably created or enlarged when the road was built.

It is about one-half acre in size and dominated by small willows.

The second wetland is a soft rush-dominated swale. A logging road traverses though
this wetland. There is no defined channel in this part of the swale. If the pipeline goes
along the logging road as planned, only a few hundred square feet of degraded wetland will
be affected.

The third wetland is a small sloping wetland in a pasture in the Nehalem Valley. It is
dominated by pasture grasses and weedy species such as creeping buttercup. The crossing
width would be less than 100 feet.

The fourth wetland is a finger of wetland that extends into the hayfield north of the
paved road. It is occupied by grass hay species and creeping buttercups. The crossing width
will be about 20 feet. ' '

The fifth wetland is the largest and the most significant. This wetland is at the base
of the hill north of the hayfield and Highway 202. This wetland is part of a larger wetland
complex with at least three types of cover. At the proposed pipeline crossing, the wetland is
dominated by slough sedge and has standing water seasonally. One edge is dominated with
the shrub species ninebark. The wetland complex outside the construction corridor is
dominated by willows. This wetland is currently crossed by a gas pipeline at the proposed
crossing location for this Project. The existing pipeline was installed about 10 years ago.
The vegetative cover has completely recovered and there is no sign of earlier disturbance.
This wetland appears to be excellent habitat for amphibians and birds.

One small unnamed tributary of the Nehalem River will be crossed in the valley south
of the river. The crossing is in a heavily used pasture, and the stream is severely affected by
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livestock. At the proposed crossing point there is no in-stream cover and the banks and
stream substrate are mostly trampled soil with a few blackberry bushes. The pipeline will
cross a second, smaller tributary on the plateau south of the river valley. The channel is one
to two feet across with a water depth of about eight inches, and the substrate soil is sandy
clean soil. The crossing is approximately 100 yards below the headwaters where the stream
seeps from a wetland. The pipeline will cross a similar-sized tributary of Calvin Creek just
upstream of Barnhardt Road. |

2. Habitat Characterization.

Dames & Moore assigned habitat categories to the habitats described above, under
OAR 635-415-030, based on the best professional judgment of its Senior Ecologist,
Dr. David Every, considering characteristics of the habitat and the common wildlife and fish
species likely to use the respective habitats. The habitat categories for each of the identified
habitats are as follows:

(a) Second-growth conifer forest. Category 4. This habitat is low value
because the forest is on private timber land used as a tree farm. The habitat value of this
forest has been severely affected by timber harvest activities. Future timber harvesting will
continue to affect the habitat value.

(b)  Second-growth mixed conifer/deciduous forest. Category 4. This
habitat is low value because the forest is on private timber land used as a tree farm. The

habitat value of this forest has been severely affected by timber harvest activities. Future
timber harvesting will continue to affect the habitat value.

(¢)  Regenerated clear cuts. Category 4. This habitat is low value because
the forest is on private timber land used as a tree farm. The habitat value of this forest has
been severely affected by timber harvest activities. Future timber harvesting will continue to
affect the habitat value.

(d)  Farmed hay and pasture. Category 4. This habitat is also low value
due to little habitat diversity.

(e)  Nehalem River. Category 1 or 2. Ultimate classification will depend
on whether the coho salmon or steelhead become listed as threatened.

® Small tributaries. Category 4. This habitat is low value because of the
degraded nature of the streams and blockage of fish passages.

(2) Wetlands. Categories 2 and 4. The large wetland north of Highway
202 and the hayfield is Category 2 habitat. All other wetlands are degraded and are
Category 4.
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3. Potentially Affected Fish and Wildlife Species.

The wildlife species that potentially use the identified habitats are the common species
of the coastal region of Oregon. No species or evidence of species were observed in the
field component of the Biological Study. Large mammals that potentially use the habitat
include elk and black-tailed deer. Other mammals include coyotes, weasels, mink and river
otters. The small mammal complement includes red squirrels, deer mice, jumping mice,
shrews, moles, voles and other small rodents. Birds include red-tailed hawk, crows, robins,
song sparrows and chickadees.

4. Potential Impacts: Compliance with Goals and Standards.

(a) Category 1. The only potential Category 1 habitat is the Nehalem
River, whose status as Category 1 depends on future listing of the coho salmon or steelhead
as threatened species. Rather than disturb the river, NNG will place the pipeline under the
river by using a “directional drilling” process. (Exhibit 24.) The directional bore will begin
at points about 300 feet from either side of the river. The bore will be designed so that the
pipelines will be at least 20 feet below the bottom of the river bed. At each endpoint 300
feet from the river, an elbow joint will be inserted into the pipeline and it will continue
from that point at a depth of about four feet beneath the surface. The directional bore
approach will avoid the need to disturb the river and the riparian and wetlands areas along it.

Accordingly, there will be “no loss of either habitat units or habitat value” in the
Nehalem River or its riparian area and the avoidance standard will be met.

{b) Category 2. The Nehalem River will be Category 2 habitat if the coho
salmon and steelhead are not listed. For the reasons described immediately above, there will
be no loss of either habitat units or value in the Nehalem River and the avoidance standard
will be met.

The larger wetland north of Highway 202 is also Category 2 habitat. The impacts to
this habitat will be minimized by:

1. Using a single trench instead of two trenches for the dual
pipelines;
2. Keeping the pipeline installation trench as narrow as possible,

consistent with safety considerations and practical installation requirements;
3. Timing construction to occur during the driest time of year;

4. Separating and returning topsoil to the trench back-fill surface;
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5. Avoiding changes to the hydrology of the wetland by installing
clay barriers at each end of the wetland crossing; and

6. Avoiding the rest of the wetland during construction by use of
an existing road through the wetland for construction equipment.

Upon completion of construction, the habitat will be completely restored to its
preconstruction condition within one or two growing seasons, as has occurred at the existing
pipeline crossing at this same location. Accordingly, there will be no net loss of either
habitat units or habitat value., Mitigation will occur in-kind, on-site through complete
restoration of the habitat.

(c) Category 3. No Category 3 habitat will be affected by the Project.

(d)  Category 4. The Category 4 habitat identified by the Biological Study

includes:
1. Second-growth conifer forest;
2. Second-growth mixed conifer/deciduous forest;
3. Regenerated clear cuts;

4. Farmed hay and pasture;
5. Small tributaries to the Nehalem River and Calvin Creek; and

6. All wetlands except the Category 2 wetland north of Highway
202.

Impacts to the first three habitats will consist of the removal of vegetative cover,
temporary disturbance of the subsurface soil and disturbance of adjacent surface from the
movement of construction equipment. The vegetation cover will be allowed and encouraged
to grow back in the construction corridor except in the area directly over the pipeline, which
must be kept free of trees for visual inspections. The area directly over the pipeline will be
a 40-foot corridor, which is the minimum necessary for maintenance access and safety
purposes.

The impact on forested habitat in the part of the corridor not directly over the pipeline
will be temporary, and the habitat value will be gradually restored over time to the existing
habitat as a tree farm. In the area directly over the pipeline, trees will be discouraged but
other vegetation will be encouraged to prevent erosion and provide some habitat value. The
loss of habitat value is therefore minimized and no mitigation is needed.
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In the farmed areas, the surface will be restored following pipeline construction and
the land will continue to be farmed. Thus, the impacts to the farmed areas are small and
short term. There will be no loss of habitat value apart from temporary construction
activities and no need for mitigation.

The impacts to the Nehalem River and Calvin Creek tributaries will be very small
because the crossings will be done during the low flow period when they will likely be dry,
and the stream bed and banks will be restored before the rainy season. There will be little or
no loss of habitat value and no need for mitigation.

Impacts to the Category 4 wetlands will be short term because the wetlands will be
restored soon after the completion of construction. Best management practices will be used
during construction to minimize impacts, including separating the upper foot of topsoil from
the rest of the trench spoils and replacing it on the top of the trench and minimizing the
amount of time that equipment is in the wetlands. Any water that is pumped from the trench
during construction will be filtered, to remove sediments, before it is returned to the
wetland. There will therefore be little or no loss of habitat value and no need for mitigation.

For these reasons, the design, construction, operation and retirement of the Project,
taking mitigation into account, is consistent with the habitat mitigation goals and standards of
OAR 635-415-030.

H. Threatened & Endangered Species (OAR 345-22-070).

Under this standard, the Council determines whether the design, construction,
operation and retirement of a facility will be consistent with any applicable conservation
program adopted pursuant to ORS 496.172(3) or ORS 564.105(3). If no conservation
program applies, the Council determines whether the facility has the potential to significantly
reduce the likelihood of the survival or recovery of any threatened or endangered species
listed under ORS 496.172(2) or ORS 564.105(2). These standards relate to the protection of
both wildlife and plant species listed as threatened or endangered.

No conservation program adopted under ORS 496.172(3) or ORS 564.105(3) applies
to the study area.

In order to evaluate the potential of the Project to affect threatened or endangered
species, NNG contacted the U.S. Fish and Wildlife Service, the National Marine Fisheries
Service and the Oregon Natural Heritage Program to obtain information concerning
threatened and endangered species and habitats. These agencies provided information on
listed species, species proposed to be listed and species of concern. (See, e.g., Exhibit 25.)
In February 1997, NNG engaged Dames & Moore to conduct a field study to look for
evidence of use of the area by any of the relevant species. (Exhibit 21 at 7-17.) Habitats
were observed and compared with the habitat types expected to be used by the subject
species.
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During the field study, no evidence was found of any listed bird, mammal or plant
species or habitat suitable for them that would be affected by the Project. A summary of the
species studied and evaluation of the potential effects of the Project is presented below.
Additional detail appears in Exhibit 21.

1. Listed Species.

(a)  Aleutian Canada Goose. Threatened. This species is very unlikely to
be affected. The Aleutian Canada goose passes through this area during spring and fall
migration (generally April and October), and may use fields and wetlands as resting and
feeding areas. The fields and wetlands in the Project area that will be affected by
construction of the pipeline and other facilities are small and either near houses and farm
buildings or near cover for potential predators and not likely to be attractive to the geese.
Thus, pipeline construction, even if it occurs during migration time, would only make an
already unattractive site less inviting to the geese. There are plenty of more attractive sites
in the valley and elsewhere, so pipeline construction would not restrict the use of habitat in
limited supply.

(b)  Peregrine Falcon. Endangered. This species is very unlikely to be
affected. It uses this area only in passing during migration if at all. No affected habitat
offers either prey items in abundance or other habitat features of importance to migrating
peregrine falcons.

(c) Bald Eagle. Threatened. This species will not be affected. No nests
are known in or near the Project area, and migrating birds will not be in the area during
construction.

(d)  Northern Spotted Owl. Threatened. This species is very unlikely to be
affected. The forests in this area are young and not suitable for spotted owl nesting. The
small amount of forest removed will not affect the spotted owl.

(e) Nelson’s Checker-Mallow. Threatened. This species will not be
affected. No suitable habitat occurs in the Project area.

2. Proposed Species.

(a) Coho Salmon. This species is very unlikely to be affected. The
Nehalem River will be crossed by directional drilling, and the small tributaries will be
crossed during low flow and restored. One of the unnamed tributaries goes through an active
cow pasture, and the stream has no instream cover for fish. The other tributaries are very
small and have steep approaches to their confluence with the Nehalem River. They will
probably be dry during the period of construction, and since the stream bed will be restored
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and protected from erosion, there will be very small or no effect on aquatic resources in the
streams.

(b)  Steelhead. This species is very unlikely to be affected. The Nehalem
River will be crossed by directional drilling, and the small tributaries will be crossed during
low flow and restored. One of the unnamed tributaries goes through an active cow pasture,
and the stream has no instream cover for fish. The other tributaries are very small and have
steep approaches to their confluence with the Nehalem River. They will probably be dry
during the period of construction, and since the stream bed will be restored and protected
from erosion, there will be very small or no effect on aquatic resources in the streams.

3. Species of Concern Also Considered.

(a) White-Footed Vole. This species will not be affected. The temporary
effects of Project construction will be imperceptible to the habitat of the white-footed vole in
~ this already disturbed series of habitats.

(b)  Pacific Fisher. This species will not be affected. The temporary
effects of Project construction will be imperceptible to the habitat of the Pacific fisher in this
already disturbed series of habitats.

(c)  Bat Species. The study considered the following bat species: long-
eared myotis, fringed myotis, long-legged myotis, Yuma myotis and the Pacific western big-
eared bat. These species will not be affected. There is no ideal roosting habitat in this area
to be disturbed. Any incidental use of the existing habitats by bats will be unaffected by the
Project.

(d) Little Willow Flycatcher. This species is not likely to be affected if it
occurs in the Project area. The most likely habitat is along the Nehalem River where
horizontal boring, with entrance points approximately 300 feet from each bank, will avoid
impacts to habitat.

(e) Tailed Frog. This specieé will not be affected. No suitable habitat for
this species will be affected by the Project.

9] Northwestern Pond Turtle. This species will not be affected. No
suitable habitat for this species will be affected by the Project.

(g  Northern Red-Legged Frog. This species will not be affected. Suitable
habitat for this species occurs along the Nehalem River and in one wetlands complex that
will be crossed by the pipeline. However, it is unlikely that any population of the species
will be affected because construction will occur during the dry seasomn.
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(h) Pacific Lamprey. This species will not be affected. The Nehalem
River will not be disturbed because the pipeline will run through the bedrock at least 20 feet
underneath the river using horizontal boring technology. The small tributaries will be
crossed during low flow periods and restored to their natural condition.

(i) Tall Bugbane. This species is not likely to be affected. Habitat in the
corridor is generally suitable but has undergone several logging episodes. No indication of
the species was found during field reconnaissance by a botanist in February 1997.

For these reasons, the Project does not have the potential to reduce the likelihood of
the survival or recovery of any threatened or endangered species listed under Oregon law.

L. Scenic/Aesthetic (QAR 345-22-080).

Under this standard, the Council determines whether

“the design, construction, operation and retirement of the
facility, taking into account mitigation, is * * * likely to result
in significant adverse impact to scenic and aesthetic values
identified as significant or important in applicable federal land
management plans or in the local land use plan for the site or its
vicinity.” OAR 345-22-080.

In order to address this standard, the following text includes a description of the visual
appearance of the Project site and its vicinity, a description of points from which the existing
project is visible, a list of county- and state-designated scenic and aesthetic resources in the
vicinity of the Project and an analysis of the proposed Project’s impacts on these resources.

1. Baseline Description of Visual Features of Project Area.

The project area is located on either side of the Nehalem River west of Mist, Oregon.

~ (Exhibit 27.) The river in this area follows a winding course through a flat valley floor at

about 500 feet above sea level. The valley is about one-quarter to one-half of a mile wide.
The valley floor is bounded by a network of ridges rising to elevations of 1,000 to 1,500 feet
above sea level. These ridges are forested with second-growth fir and checker-boarded with
clear cuts. All of the surface lands around the project area are in private ownership. The
lands along the valley floor are primarily dedicated to agricultural use, and the rest of the
area is largely owned by private timber concerns.

2. Points from Which Existing Project Is Visible.

Miller Station occupies several acres along a ridge line northwest of Mist, at an
elevation of approximately 1,000 feet. (Exhibit 7.) The main visual elements are two
adjacent compressor buildings and a combined office and maintenance building. The site is
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surrounded by second-growth fir trees that are generally 30 to 40 feet tall. These trees and
the surrounding hilly terrain block views of Miller Station from most directions. The
existing compressor building and other buildings at Miller Station are visible from the
following locations: '

(a) The intersection of Highway 47 and Highway 202 in Mist (see Exhibit
26, Photo 1).

(b)  About one-quarter mile along Highway 202, west of the intersection
with Highway 47. '

(c) A bend in Highway 47, at milepost 8, north of Mist (see Exhibit 26,
Photo 2).

(d) Privately owned lands near the sites mentioned above.

A field reconnaissance of the area did not reveal any other points on publicly owned land or
rights-of-way from which Miller Station could be seen.

In addition, the line of sight from the top of the water tank at the upper end of the
Miller Station property includes a significantly broader area because the top of the tank is at
or slightly above the level of surrounding trees. (See Exhibit 26, Photos 3-6.) The water
tank itself, however, is not among the visible elements of Miller Station when viewed from
any significant distance. For instance, Photos 1 and 2 show the roofs of the existing
compressor and office buildings at Miller Station, but the water tank is not visible. This may
be because the water tank is painted green and, unlike the roofs of the existing buildings, is
not a reflective surface. In any case, no modifications to the water tank are proposed in this
application.

3. Scenic and Aesthetic Values near the Project Area.

- Under OAR 345-22-080, the Council considers impacts to “scenic and aesthetic
values identified as significant or important in applicable federal land management plans or in
the local land use plan for the site or its vicinity.”

There is no federally owned surface land in the vicinity of the Project and no
applicable federal land management plan. There thus are no scenic or aesthetic values in the
vicinity that have been identified as significant or important for federal purposes.

The Project site is located in Columbia County. The County’s Comprehensive Plan
contains an inventory of “County Scenic Resources.” (Exhibit 28.) None of these resources
are located within five miles of the Project area. Neighboring Clatsop County alsc has an
inventory of scenic resources. (Exhibit 29.) None of these resources are located within 10
miles of the Project area. The existing underground storage facility, including Miller Station
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and all other surface facilities, is not visible from (or within the viewshed of) any area
identified by Columbia or Clatsop County as a scenic resource.

The Nehalem River in the vicinity of the Project has not been designated a scenic
waterway by the federal, state or local governments.

Miller Station is visible from two points along Highway 47 (see Exhibit 26, Photos 1
and 2). Highway 47 is a state-designated scenic highway through much of Columbia County,
including from Pittsburgh (six miles south of Mist) to Clatskanie (12 miles north of Mist).
These views of Miller Station are the existing facility’s only impact on any area identified as
scenic by any governmental body.

4. Proposed Project’s Impact on Scenic Resources.

The only proposed visible surface facility is a new compressor building at Miller
Station. The new compressor building will be located adjacent to an existing compressor
building and will be similar in size. (Exhibit 8.) There is also one other existing office and
maintenance building of similar size at Miller Station.

No portions of the proposed surface facilities will be visible from or within any
federal- or county-designated scenic or aesthetic resources.

The proposed compressor building at Miller Station will likely be visible from two
points along state Highway 47, a state-designated scenic highway. Viewed from the
intersection of Highways 202 and 47 in Mist, the new compressor building will be in front of
and will largely block the view of the existing compressor building. Conversely, viewed
from Highway 47 at mile post 8 north of Mist, the existing building will largely block the
new compressor building from view. In either case, to the extent the new building neither
blocks nor is blocked by existing structures, it will make only a small incremental
contribution to the overall view presented by the cluster of currently existing structures at
Miller Station.

From both points along Highway 47, Miller Station is visible along a ridge line.
Although the rolling hills and river valley make for a generally pleasing view, it is not a
pristine one. Most of the timber lands in the area are in commercial production, and the
view of Miller Station from either angle includes numerous clear-cut areas.

For these reasons, the addition of one new building to the existing group of buildings
at Miller Station will not cause any significant adverse impact on the view from Highway 47
and the Project will not adversely impact any scenic or aesthetic value identified as
significant or important in any applicable federal land management or local land use plan for
the Project site or its vicinity. '
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I Historic, Cultural and Archeological Resources (OAR 345-22-090).

Under this standard, the Council considers whether the construction, operation and
retirement of a facility, taking into account mitigation, is likely to result in significant
adverse impacts to: '

1. Historic, cultural or archeological resources that have been listed on, or would
likely be listed on, the National Register of Historic Places;

2. For a facility on private land, archeological objects, as defined in ORS
358.905(1)(a), or archeological sites, as defined in ORS 358.905(1)(c); and

3. For a facility on public land, archeological sites, as defined in ORS
358.905(1)(c).

ORS 358.905(1)(a) defines an “archeological object” as an object that (1) is at least
50 years old, (2) comprises “the physical record of” any culture and (3) is “material remains
of past human life or activity that are of archeological significance.”

ORS 358.905(1)(c)(A) defines “archeological site” as any location that “contains
archeological objects and the contextual associations of the archeological objects” with each
other or biotic or geological remains or deposits.

To determine the extent of previous research in the project area, a record search was
conducted at the State Historic Preservation Office (“SHPO”) in Salem, Oregon on
January 29, 1997. This search indicated that no extensive archeological investigations have
been conducted in this region of Oregon. More specifically, no archeological inventories
have been conducted within a one-half mile radius of the project area. As a result, no
previously recorded archeological objects or sites are known in the immediate area. This
search did not reveal any resources currently listed on, or likely to be listed on, the National
Register of Historic Places. In general, given the terrain and environment of the project
area, overall archeological sensitivity appears low.

Three archeological sites were recorded approximately one mile east of the Project, in
conjunction with a survey conducted for the South Mist Feeder. These sites, all consisting of
prehistoric artifact scatters, lie east of and adjacent to the Nehalem River, No subsurface
testing was conducted at these sites so the extent of the cultural deposits remains unknown.
The presence of these sites suggests that the lands adjacent to the Nehalem River should be
considered sensitive.

An archeological inventory of the study area was completed on February 4, 1997.
(Exhibit 21 at 18-23.) The inventory was conducted by an archaeologist walking the
approximate center of the proposed pipeline corridors. Vegetation along much of the route
consists of dense forest, resulting in poor ground visibility. To enhance visibility, trowel
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scrapings were conducted in areas of higher potential sensitivity, particularly close to the
Nehalem River crossing. With the exception of numerous springboard-cut tree stumps
observed in the eastern half of Section 22 and the western half of Section 23, indicative of
early twentieth century logging, no resources that might be considered archeological objects
or sites were identified within this area. If Project construction will require removal of any
of these tree stumps, NNG will consult with SHPO concerning their archeological
significance and, if necessary, will comply with SHPO permit requirements.

As noted, the proposed Project is in an area of low archeological sensitivity.
Exceptions to this are the terraces north and south of the Nehalem River, where NNG
proposes grading and excavation to facilitate boring under the river for the pipeline crossing.
No archeological resources were observed in these areas, which now consist of pasture land,
but sensitivity should be considered moderate to high. Archeological sites have been
recorded in similar settings upriver from Mist, just east of the Project area.

To allow for the potential of undiscovered resources in this area, all grading and
excavating activities associated with the boring operation will be monitored by a qualified
archeologist. If any artifacts or other cultural materials that might qualify as “archeological
sites” or “archeological objects” are identified during monitoring, all ground-disturbing
activities will cease until the archaeologist can evaluate their potential significance. If the
materials are likely to be eligible for listing on the National Register of Historic Places or to
qualify as archeological objects or sites, NNG will consult with SHPO and will comply with
the archeological permit requirements administered by SHPO (currently set forth in OAR ch
736, div 51).

K. Recreation (QAR 345-22-100).

Under this standard, the Council determines whether the “design, construction and
operation” of a facility will result in “significant adverse impact to important recreational
opportunities in the impact area.” OAR 345-22-100. Factors considered in judging the
importance of a recreational opportunity include:

“(1)  Any special designation or management of the location;
“(2) The degree of demand,;

“(3) Uniqueness;

“4) Outstanding or unusual qualities;

“(5) Availability or rareness; and

“(6) Irreplaceability or irretrievability of the opportunity.”
Id.
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As noted in Section V.E above (footnote 1), there is no “impact area” for the Project.
Accordingly, NNG evaluated recreational impacts based on the study area defined in OAR
345-01-010(50)(g) for a surface facility related to an underground gas storage reservoir.

That study area is the area within five miles of the site boundary.

1. Existing Recreational Facilities.

In 1993, Columbia County adopted the Columbia County Forests, Parks and
Recreation Master Plan (the “Plan”). (Exhibit 30.) The Plan was updated in 1995. The
Plan identifies 16 County parks, forests, forest/parks and boat dock facilities and another 20
public and private recreational facilities that now provide recreational opportunities to County
residents and visitors. (Exhibit 30 at 3 and 9.)

According to the Director of the Columbia County Forests, Parks and Recreation
Department, none of the identified facilities are within five miles of the Project site. (Exhibit
31.)

2. Proposed Recreational Facilities.

Columbia County plans to develop bicycle trails in the future. Preliminary plans call
for a bike trail to be located along Highway 202 in the vicinity of the Project, including the
portion of Highway 202 that the twin 16-inch pipelines will cross below. (Id.)

However, the development of this bicycle trail is at least five years away. (Id.)
Construction of the pipeline will be concluded by the end of 1997, Accordingly, the
construction activities will not have any impact on the proposed bike trail. Because the
pipelines will be buried, they will not affect the bike trail once it is developed.

There are no other proposed recreational facilities within five miles of the Project
site.

3. Fishing.

The pipelines will cross the Nehalem River, which is used for fishing. Because the
pipeline will be buried at least 20 feet below the bed of the river, it will have no impact on
Nehalem River fishing.

The pipeline will also cross three small tributaries of the Nehalem River and Calvin
Creek. (Exhibit 21 at 4.) All three are on private land. One is in a heavily used pasture
severely affected by cattle. The other two are one to two feet across with a water depth of
no more than eight inches. (Id.) Both have blockages and are likely to be dry during
pipeline construction. Consequently, the three tributaries have little or no value as
recreational fishing opportunities.

PDX1A-69573.2 55570-0087 37




4. Hunting.

The Project site is within a major big game habitat area. (Exhibit 32.) The area is
used for hunting elk, deer, pheasant, grouse and bears.

_ Changes to Miller Station will all be within the current, fenced Miller Station site.
The remainder of the Project will be underground. Accordingly, the only impact to hunting
will be some habitat loss and possible minor disturbance of hunting activities during Project
construction.

Out of a total Project area of approximately 1,300 acres, only 15 acres will be
permanently cleared for the Project. The vast majority of those 15 acres is low-value
habitat. See Section V.G. Habitat loss therefore will not have an adverse impact on
recreational hunting opportunities in the area.

Similarly, the area that will be affected by Project construction is a minute fraction of
the land available for hunting in the area and is in no way unique. (Exhibits 21 and 32.)
Well and pipeline construction activities will last approximately four months. Consequently,
construction of the proposed Project will not have an adverse impact on important hunting
opportunities in the area.

There are no other recreational opportunities, important or otherwise, within the study
area. (Exhibit 31.)

For these reasons, the Project will not result in a significant adverse impact to
important recreational opportunities within the study area for the Project.

L. Socioeconomic Impacts (OAR 345-22-110).

Under this standard, the Council determines whether the construction and operation of
a facility, taking into account mitigation, will result in significant adverse impact to the
ability of communities within the study area to provide the following governmental services:
sewers and sewage treatment, water, storm water drainage, solid waste management,
housing, traffic safety, police and fire protection, health care and schools.

The study area for socioeconomic impacts of a surface facility related to an
underground gas storage reservoir is the area within 30 miles of the site boundary. OAR
345-01-010(50)(g)(G). Potential providers of governmental services in the study area include
Columbia and Clatsop Counties and the incorporated cities and towns within 30 miles of the
site boundary. The nearest communities include Mist, which is unincorporated, Vernonia,
which is approximately 15 miles away, and Clatskanie, which is approximately 12 miles
away.
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S, Construction workers will be on site for pipeline construction and modifications to

Miller Station for a nine-month period from July 1997 through March 1998. There will be
an average of 61 workers on site during that period, with a peak of 75 workers each month
in August, September and October. Sixty to 70 percent of the work force will be from
outside of the study area. However, only three families with school-age children are
expected to come into the area as a result of Project construction. There will be two or three
possible additional employees at Miller Station as a result of the facility expansion. (Exhibit
33.)

The population of Columbia County is approximately 39,400. Oregon Blue Book,
1995-96, p. 305. Accordingly, even during the peak construction period, the Project will not
have a significant impact on the population in the area.

1. Sewers and Sewage Treatment.

No community in the study area provides sewers or sewage treatment to the existing
storage facility or the surrounding area. Both the existing and expanded facility have been
and will be served by on-site sewage disposal systems. During construction, contract
portable toilets will be used. The Project therefore will not have any adverse impact on any
community’s ability to provide sewers or sewage treatment.

2. Water.

No community in the study area provides water to the existing storage facility or the
surrounding area. Both the existing and expanded facility have been and will be served by
existing water wells. Accordingly, the Project will not have an adverse impact on the ability

of any community to provide water.

3. Storm Water Drainage.

Again, no community in the study area provides storm water drainage to the existing
storage facility or the surrounding area. Storm water drainage will be handled on site by
natural drainage and the existing collection system for facility pad runoff. The Project
therefore will not have an adverse impact on the ability of any community to provide storm
water drainage.

4. Solid Waste Management.

No community in the study area provides solid waste management services to the
existing storage facility or the area around it. Current and future solid waste disposal for the
underground storage facility is and will be handled through private contracts with local
service companies. There will therefore be no adverse impact on the ability of any
community in the area to provide solid waste management services.
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5. Housing.

At the peak of construction activity there will be approximately 75 workers on site,
only 50 of which will be from out-of-the-area and will require temporary housing. Even
though there is very little temporary housing near the construction site, there are numerous
communities within a 30 mile commute distance that have a wide array of facilities. The
cities of Vernonia, Clatskanie and St. Helens have motel facilities totaling approximately 100
rooms. Longview and Kelso, Washington are also within 30 miles of Mist and there are
several hundred motel rooms available in these communities. In addition, many of the
construction workers will be bringing travel trailers and recreational vehicies which can be
parked at a variety of parks established to accommodate this type of mobile housing.

Temporary housing in the area is therefore adequate to handle the number of
construction workers for the Project. There will be no adverse impact on the ability of the
communities in the area to provide housing.

6. Traffic Safety.

Once the expanded facility is operational, there will be no additional traffic in the
area other than the several additional employee vehicles trips per day associated with two or
three new employees operating out of Miller Station. This will not represent a significant
increase in traffic for the area.

The principal roads in the vicinity of the Project are State Highway 202, a two-lane
highway that bisects the project area as it runs generally southeast/northwest from Mist to
Astoria, and State Highway 47, a two-lane highway that runs generally north/south from
Clatskanie, through Mist, to its intersection with State Highway 26 west of Hillsboro.
(Exhibit 34.) The southeastern endpoint of Highway 202 occurs at its intersection with
Highway 47 in Mist.

Oregon Department of Transportation (ODOT) statistics for these highways indicate
that average daily traffic on State Highway 202 was 870 vehicles per day in 1995 and that
average daily traffic on State Highway 47 was 800 vehicles per day in 1995. According to
ODOT, neither highway is at or near its capacity of approximately 50,000 to 75,000 vehicles
per day.

During the construction phase, most related traffic will access the Project area on one
of these two highways and then on local roads, primarily Mainline Road, a private logging
road controlled by Longview Fibre Company.

During the construction phase, the Project will require a maximum of 75 workers on
site. This could yield up to 150 additional vehicle trips per day (ODOT counts each
direction of an out and back journey as a “trip”) if single occupancy vehicles are used.
Other construction related traffic will include equipment delivery and NNG project personnel
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totalling up to 100 additional vehicle trips per day. Together with employee vehicle trips,
the maximum total number of additional trips on area roads will be 250 per day which is 0.5
percent of the 50,000 daily vehicle capacity for these roads.

The only other road that will host significant additional traffic is Longview Fibre’s
private Mainline Road that currently provides access to Miller Station. Access to this road is
controlled with close cooperation between Longview Fibre and NNG. Longview Fibre has
expressed no concern about Project impacts on this road. In fact, Longview Fibre expressed
its support for the Project in a recent letter to Columbia County, noting the successful degree
of cooperation between the two companies. (Exhibit 35.)

Given the excess capacity of the existing roads in the area, the negligible traffic
associated with facility operation and the relatively light traffic associated with Project
construction, the Project will not have a significant adverse impact on the ability of
communities in the area to ensure traffic safety.

7. Police Protection.

Police protection in the area is provided by the City of Vernonia and the Columbia
County Sheriff. The small number of new employees for the expanded facility and the
relatively small construction work force should not place a significant additional demand on
police services. The Vernonia Police Chief and Columbia County Sheriff have both -
confirmed that the Project will not place a significant burden on their abilities to provide
police protection. (Exhibits 36 and 37.)

The Project therefore will not have a significant adverse impact on the ability of
communities in the area to provide police protection.

8. Fire Protection.

The Mist-Birkenfeld Rural Fire Protection District (“District”) provides fire
protection services in the area. In a recent letter to Columbia County, District Chief Dave
Crawford stated:

“We have discussed the project with NNG representatives and
are confident that the project has adequate personal safety
features and, as planned, presents no unreasonable fire hazards.
Fire prevention and detection equipment has been augmented by
new fire suppression equipment which should control a fire
incident until the fire department can arrive. Agreements
between NNG and our district have helped to insure that
adequate personnel and apparatus are available for an emergency
such as might occur in the field or at the plant.” (Exhibit 38.}
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Moreover, the Project will pose very little if any additional fire hazard in the area. NNG
has operated its existing underground natural gas storage facility for approximately 10 years
without causing any fires or other hazards. The wellhead and pipeline facilities have
numerous safety features, including relief valves and automatic shutdown systems. In
addition, the facilities are monitored from the “nerve center” at Miller Station by NNG’s
trained personnel. Miller Station was inspected by the PUC in 1996 and was found to be in
full compliance with the Pipeline Safety Regulations of the U.S. Department of
Transportation (49 CFR pt 192 (1996)). (Exhibit 9.) Accordingly, the Project will not have
an adverse impact on the ability of communities in the area to provide fire protection.

9. Health Care.

The minimal number of permanent employees and the relatively small construction
work force should place littie additional demands on the health care facilities that serve the
area. In fact, there are few health care facilities actually in the study area. Local
hospitalization needs are currently met by hospitals in the Portland area, Astoria and
Longview, Washington. The communities in the area therefore provide very little in the way
of health care.

However, to the extent that there are injuries or other health care needs associated
with the Project, the Mist-Birkenfeld Rural Fire Protection District bas a Multiple Casualty
Incident Plan in place, has confirmed that it has the supplies and materials necessary to
support the plan and has indicated that its resources are available in connection with the
Project. (Exhibit 39.)

The Project therefore will not have a significant adverse impact on the ability of the
communities in the area to provide health care services.

10. Schools.

As noted above, only three families with potential school-age children are expected to
come into the area during the construction phase of the Project and no more than that number
during the operational phase. The Project therefore will not have a significant adverse
impact on the ability of communities in the area to provide schools.

M. Waste Minimization (QAR 345-22-120).

This standard requires an applicant, to the extent reasonably practicable, to

“minimize generation of solid waste and wastewater in the
construction, operation, and retirement of the facility, and when
solid waste or wastewater is generated, recycle and reuse such
wastes.” OAR 345-22-120(1).
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In addition, to the extent reasonably practicable,

“the accumulation, storage, disposal and transportation of waste
generated by the construction and operation of the facility must
have minimal adverse impact on surrounding and adjacent
areas.” OAR 345-22-120(2).

1. Introduction.

The following is a description of NNG’s plan to minimize the generation of solid
waste or waste water, the use of water and to recycle or reuse solid waste and waste waters.

NNG has in place a hazardous and nonhazardous waste reduction and recycling
program for all of its facilities. Recycling and reuse is a priority for NNG and, as described
below, will be administered during the construction phase and during the day-by-day
operations of the Project.

2. Minimization of Solid Waste.

There will be no solid waste produced on a continuous basis from the Project
processes. Operational maintenance will be the only activity producing solid waste after the
construction of the Project has been completed.

3. Construction Phase.

There will be solid wastes generated during construction of both the additions to
Miller Station and the gathering lines.

Construction wastes from the Miller Station additions will consist of nonhazardous
equipment packaging and general construction debris. The material will consist of concrete,
fiber board, wood, piping and scrap steel. The waste materials will be transported to an
appropriate recycling facility, utilizing NNG’s established recycling program, or to a nearby
sanitary landfill for nonrecyclable goods.

The wastes generated from the installation of the gathering line system will consist of
nonhazardous construction materials. The solid materials will consist of scrap steel, welding
rod and erosion control materials such as straw bales and silt fencing. The scrap steel and
welding rod will be collected and transported to a recycling facility. The silt fence material
and the straw bales will be transported to a local landfill.

Using directional boring to cross the river minimizes the amount of erosion control
materials necessary for the gathering line construction.
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4, Operational Phase.

(a) Hazardous Solid Waste. The only operation that produces hazardous
wastes is spray can depressurization. Spray cans are depressurized and the contents collected
as paint wastes.

(b)  Nonhazardous Solid Waste. Operations produce nonhazardous solid
wastes from maintenance activities. Compressor crankcase oil, occasionally oil-contaminated
triethylene glycol, oil/water separator oils, oily rags, oil filters and granular activated carbon
(a filtering media) are generated as waste. The crankcase oil, triethylene glycol and
oil/water separator oils are collected, transported and recycled by a vendor as bunker fuel.
Oily rags and oil filters are incinerated off site by a permitted disposal facility. The granular
activated carbon is collected and sent to a permitted facility for regeneration and returned for
later use.

Office waste consists of paper and trash. Papers are collected and returned to a
central NNG location for recycling. A local hauler will continue to transport trash to a
landfill.

5. Minimization of Waste Water,

Waste water is generated from the process of withdrawing storage gas from the
reservoir, compressor ancillary piping and facility storm water runoff. The collected water
is piped to an oil/water separator where the collected oils are pumped to an oil tank and the
water to a separate tank. The water is then pumped to an evaporator for evaporation.

During the gathering line construction, water will be used for directional boring and
hydrostatic testing of the pipeline. All excess waters will be disposed of in 2 manner
consistent with requirements specified in approved permits.

6. Minimization of Water Use.

The water source for the Project is an on-site well at the existing storage facility.
The water from the well is used for drinking, occasional plant cleaning and for the fire
suppression system. There are no plant processes that require continuous use of water.

The addition of a turbine-powered compressor will eliminate the need for additional
water usage. The turbine utilizes an oil circulating system for cooling purposes, therefore

eliminating the need for additional water or water/chemical mixtures.

The fire suppression system contains a tank that is seasonally filled using well water.
The tank is drained annually for the winter months to prevent freezing.
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The foregoing discussion demonstrates that NNG will minimize the generation of
sold waste and wastewater in the construction, operation and retirement of the Project and
will recycle or reuse the wastes that are produced to the extent reasonably practicable.

7. Impact on Surrounding Areas.

The accumulation and storage of Project waste will take place at Miller Station and
transportation will be from Miller Station. Miller Station is fully fenced and virtually
surrounded by second-growth forest with no neighbors nearby. The accumulation, storage
and transportation of Project waste will therefore have little impact, if any, on surrounding
and adjacent areas.

N. Retirement (OAR 345-22-130).

Under this standard, EFSC determines whether “the site * * * can be restored
adequately to a useful, non-hazardous condition following facility retirement.” OAR 345-22-
130. '

Retirement of the Mist storage facility, either as it currently exists or in its proposed
expanded state, is unforeseeable at this time. The estimated facility life is indefinite because
it is not anticipated that the natural reservoirs will lose their storage capacity and the process
equipment will be replaced as needed. The original Mist storage facility has been fully
operational since 1988. The integrity of the formation and capacity of the reservoir have not
changed in nearly 10 years of operation. However, if retirement is necessary, the site can be
restored to a useful nonhazardous condition.

The facility is composed of three distinct areas: the gas processing facility, the
gathering lines and the injection/withdrawal wells. Retirement would be conducted in
accordance with the nature of the equipment and structures in these areas.

1. Gas Processing Facility.

The gas processing facility at Miller Station is located on a 12-acre site and contains
the gathering line manifold and six buildings, including the new compressor building for this
Project. A chain link fence surrounds the site. The buildings are steel prefabricated
structures mounted on a concrete slab. The buildings house process equipment such as
compressors, a gas dehydration system, control systems and safety equipment. The
gathering line manifold consists of a series of aboveground pipes and valves.

Upon decommission, the process equipment would be removed and sold as used
equipment or scrap. Any hazardous materials stored in the buildings or located within the
process equipment would be removed and disposed of following the applicable state
hazardous materials statutes and rules. The buildings would be disassembled and the steel
siding and frames would be sold as scrap metal. The concrete slabs would be broken up and
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the concrete would be disposed of at an appropriate landfill. The gathering line manifold and
the above-ground portion of the pipelines would be removed and sold as scrap metal. The
fence would be removed and sold as scrap metal. If necessary, NNG would revegetate the
area to prevent erosion and to encourage habitat redevelopment.

2. Gathering Lines.

The gathering lines extend underground from the processing facility at Miller Station
to the wellheads, including the twin 16 inch, eight-inch and six-inch pipelines. Upon
decommission, the pipelines would be left in place because removing the pipelines would
cause unnecessary disruption to the environment. Before abandoning the pipelines, NNG
would inspect them for hazardous materials and would remove any hazardous materials in the
pipelines. The aboveground portions of the pipelines would be removed, and the remaining
pipelines would be capped. Any hazardous materials generated from cleaning the pipelines
would be managed and disposed of in accordance with applicable state hazardous materials
statutes and rules. The removed portions of the pipelines would be sold as scrap metal. If
necessary, NNG will revegetate the right-of-way in the area above the pipelines to encourage
habitat redevelopment.

3. Injection/Withdrawal Wells.

The injection/withdrawal wells* are comprised of an above-ground portion, the
wellhead, and a below-ground portion, the encased well. The wellhead is installed on a
concrete base. Upon decommission, the wellhead would be removed and the well would be
plugged in compliance with DOGAMI regulations. The wellhead would be sold as scrap
metal. The concrete base would be broken up and the concrete would be disposed of at an
appropriate landfill. The well would be capped at a point below ground level. If necessary,
NNG would revegetate the wellhead area to prevent erosion and encourage habitat
redevelopment and would otherwise reclaim the well site in accordance with DOGAMI
regulations.

4. Cost of Restoration.
The costs of retiring the Project are nearly all associated with Miller Station. The

restoration cost of the Miller Station plant site is equal to its salvage value less the removal
and disposal cost of all the structures and foundations.

4 These wells probably are not technically subject to the Retirement Standard. See
ORS 469.300(9)(a)(H), (23). They are nonetheless included in this discussion in order to
give EFSC a complete picture of the decommissioning of the underground storage facility at
Mist.
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The major items that have significant salvage value are the station compressors, which
consist of a single 5035 horsepower turbine driven centrifugal compressor and two 1350
horsepower reciprocating compressors. The nominal salvage value of these units is estimated
to be fifteen percent of their cost. The remaining items are the buildings, valves, pressure
vessels, above-ground piping and all other auxiliary equipment. All of these items will also
have some intrinsic value, but it is assumed they will be removed and disposed of for their
salvage value,

The demolition and disposal cost will consist of the labor costs of disassembling the
above-ground equipment and the disposal costs for the foundations. It is assumed that all
gravel would be left on location and the grade left as is. It is also assumed that all buried
piping will be purged then cut and capped below grade and left in place.

The total estimated salvage value is $580,000. This is offset by approximately
$310,000 of demolition and disposal costs. As the salvage value of the facility is greater
than the removal and disposal costs, NNG estimates that a cash surplus of $270,000 would
result from the retirement of the facility. All estimates are in 1996 dollars.

5. Financial Mechanism.

Under this standard, EFSC determines whether the site can be restored to a useful,
nonhazardous condition upon retirement. EFSC has interpreted this standard to require a
finding that the applicant will be able to cover the cost of that retirement.

As noted above, the salvage value of the facility exceeds the total cost of retiring the
entire underground storage facility at Mist, including both the Project and the existing
facility. The Site Certificate for the existing facility does not require NNG to establish a
funding mechanism for facility retirement. These facts coupled with NNG’s financial
strength demonstrate that NNG will be able to cover the cost of facility retirement and that
no new funding mechanism needs to be established in anticipation of facility retirement.

The foregoing discussion demonstrates that the Project site can be restored to a
useful, nonhazardous condition following facility retirement.

VI. DIVISION 24 STANDARDS

A. Public Health and Safety Standards for Surface Facilities Related to Underground Gas
Storage Reservoirs (OAR 345-24-030).

This standard provides:
“(1) The following surface facilities related to underground gas

storage reservoirs shall be located at distances in accordance with the schedule
below from any existing permanent habitable dwelling:
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“(a) Major facilities -- 220 meters;

“(b) Minor facilities, excluding compressors -- 15 meters;

“(¢) Compressors rated less than 1,000 horsepower -- 100 meters; and
“(d Roads and road maintenance equipment housing -- 15 meters.

“(2) The surface facilities related to an underground gas storage
reservoir shall be constructed and maintained in accordance with the applicable
requirements of the U.S. Department of Transportation as set forth in 49 CFR,
Part 192, and OAR 860-24-020 in effect as of the date of this rule.

“(3) The surface facilities related to an underground gas storage
reservoir shall be designed so that noise resulting from operation of the
facilities shall not violate standards specified in OAR 340, Division 33, in
effect as of the date of this rule.

“(4) The surface facilities related to an underground gas storage
reservoir shall be designed, constructed, operated and retired so as not to
allow leakage of natural gas that endangers public health and safety.

“(5) A program shall be developed using technology that is both
practicable and reliable to monitor surface facilities related to underground gas
storage reservoirs to ensure the public health and safety.

“(6) The surface facilities related to an underground gas storage
reservoir shall be designed, constructed and operated so as not to produce or
contribute to seismic hazards that could endanger the public health and safety
or result in damage to property.” OAR 345-24-030.

Each section of this rule is discussed below.

Section 1.

All major surface facilities, including compression, are located at NNG’s Miller
Station. This facility is located in a second growth conifer forest approximately 2,750 meters

(9,000 feet) north-northwest of the town of Mist. (Exhibit 40.) The nearest permanent
habitable dwelling is located approximately 1,980 meters (6,500 feet) south-southwest of the

facility. (Id.)
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Minor surface facilities will be located at the well sites. Approximately 1,070 meters
(3,510 feet) is the distance between any well site and the nearest permanent habitable
dwelling. (Id.)

All compressors will be located at Miller Station.

Road construction will be limited to improving existing logging roads and constructing
short extensions (< 800 feet) of existing logging roads to well sites. There will be no road
maintenance equipment housing constructed.

Section 2.

The facilities will be constructed and maintained in accordance with the applicable
requirements of the U.S. Department of Transportation as set forth in 49 CFR part 192 and
OAR 860-24-020 in effect as of November 30, 1994, the effective date of the rule. The
existing underground storage facility at Mist was constructed and is maintained in accordance
with the same regulations. The PUC, which administers these rules under a delegation from
the federal government, inspected the current facility and its Operation and Maintenance
Procedures last May and found them to be in complete compliance. (Exhibit 9.) NNG
intends to adhere to the same degree of compliance in the construction of the Project and to
use the same operation and maintenance procedures.

Section 3.

The subject facilities will be designed so that resulting noise will not violate the
standards in OAR chapter 340, division 35, in effect as of November 30, 1994. NNG is
now performing a noise study and will provide it to EFSC as soon as it is complete.

Section 4.

The subject facilities will be designed, constructed, operated and retired so as not to
allow natural gas leakage that endangers public health and safety. As noted under Section 1
above, the facilities will be designed, constructed and operated in accordance with federal
safety regulations enforced by the PUC. Among other things, these regulations require
measures to prevent leakage, including factory installed pipeline coating, individual joint
wrap, cathodic protection and insulation from other pipes that could cause inadvertent
electrical contact. NNG has a perfect record of compliance with these regulations at its
existing Mist storage facility.

The wellhead and pipeline facilities’ numerous safety features include relief valves

and automatic shutdown systems. In addition, the facilities are monitored by trained
personnel from NNG’s nerve center at Miller Station.
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As a normal course of abandonment, underground pipelines are plugged at intervals to
ensure minimum migration of gas should leakage occur.

Section 5.
NNG has an existing practicable, reliable monitoring program for its surface facilities.

U.S. Department of Transportation Pipeline Safety Regulation, 49 CFR part 192
subpart D--Design of Pipeline Components, addresses specifically the design and operational
safety requirements for compressor plants. These requirements have been strictly adhered to
in both the original plant design and the current proposed additions.

" An Emergency Shutdown (ESD) system is in place that can be either manually or
automatically activated. It stops all active plant process, closes all plant inlet and outlet
valves, shuts off engine fuel and start gas systems and upon closure of necessary valves vents
to atmosphere all process and fuel gas within the plant. As methane is lighter than air, the
safe location is to vent vertically. These systems are maintained on a regular basis and tested
at least annually to assure proper response.

Systems are in place that monitor compressor, process and control building
atmospheres for the presence of flammable vapors as well as systems that detect the presence
of a fire. These instruments will trigger an alarm or plant shutdown when certain preset
levels are reached.

The plant has a staff of seven operators and maintenance personnel working rotating
shifts. A communication link is maintained between the plant and the NNG Operations
control room in Portland.

In addition, the following items are indications of NNG’s commitment to public health
and safety:

(1)  Fire training school for plant operators and maintenance personnel,
generally on an annual basis.

(2)  Written action emergency procedures for Company Gas Dispatchers
and plant personnel. ‘

(3) Maintenance of both Life Flight and C-Com procedures and phone
numbers.

(4)  The original emergency plan from the original storage development will
be expanded to include the proposed additional reservoir and equipment at Miller Station.
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Section 6.

Section V.B of this application fully demonstrates that the facilities will not produce
or contribute to seismic hazards that could endanger the public health and safety or result in
property damage.

The public health and safety standards in OAR 345-24-030 are therefore satisfied.

B. Public Health and Safety Standards for Pipelines (OAR _345-24-060).

This standard provides:

“(1) This rule applies to all pipelines under Council
jurisdiction.

“(2) Pipelines shall be constructed in accordance with
the requirements of the U.S. Department of Transportation as
set forth in 49 CFR part 192, in effect as of the date of this

rale.

“(3) A pipeline shall be designed so that noise
resulting from operation of compressor stations and other related
or supporting facilities shall not violate standards specified in
OAR 340, Division 35, in effect as of the date of this rule.

“(4) A pipeline shall have mechanical structures that
allow the pipeline to be sealed off, in the event of leakage, in a
manner that will minimize the release of flammable materials.
This is rebuttably presumed to be satisfied by the requirements
of Title 49, Code of Federal Regulations, Part 192, in effect as
of the date of this rule.

“(5) A program shall be developed using the best
available practicable technology to monitor a proposed pipeline
to ensure protection of public health and safety.”

OAR 345-24-060.

Section 1 of this rule does not contain a siting standard. Sections 2 through 5 are
addressed below.

Section 2.

The pipelines will be constructed and maintained in accordance with the applicable
requirements of the U.S. Department of Transportation as set forth in 49 CFR, part 192, in
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effect as of November 30, 1994, the effective date of the rule. The existing underground
storage facility at Mist, including pipelines, was constructed and is maintained in accordance
with the same regulations. As noted above, the PUC inspected the current facility and its
Operation and Maintenance Procedures last May and found them to be in complete
compliance. (Exhibit 9.) NNG intends to adhere to the same degree of compliance in the
construction of the Project and to use the same operation and maintenance procedures.

Section 3.

The subject facilities will be designed so that resulting noise will not violate the
standards in OAR chapter 340, division 35, in effect as of November 30, 1994. NNG is
now performing a noise study and will provide it to EFSC as soon as it is complete.

Vibration monitoring has been performed quarterly since the first year of the Mist
Storage operation. Each and every report to EFSL has been negative; that is, there have
been no complaints or reports of vibrations potentially related to Mist operations.

Section 4.

This standard is presumed to be met because the pipelines will be constructed in
accordance with the 49 CFR part 192 regulations. Isolation valves will be located at both
ends of the 16-inch gathering lines terminating at Miller Station and at both ends of the
eight-inch and six-inch gathering lines connecting the well sites with the 16-inch lines. 49
CFR pt 192.179. _ ‘

Section 5.

NNG has a program that uses the best available practicable technology to monitor the
pipelines to ensure protection of public health and safety. Pressure sensing devices are
positioned on the pipelines at Miller Station and near the wellheads to relay critical
information to both the Miller Station and Portland gas control centers. High and low
pressure alarms monitored on a 24-hour basis detect and locate areas where pressure
variations may indicate abnormal conditions. Trained emergency response personnel are on
duty 24 hours a day to react to any situation that requires immediate attention.

The public health and safety standards in OAR 345-24-060 are therefore satisfied.
VII. OTHER STATE STANDARDS

The construction of the twin 16-inch pipelines from the Calvin Creek Storage Area to
Miller Station will require removal or fill of more than 50 cubic yards of material from a
wetland identified by Dames & Moore in the Environmental Studies Report for the Project.

(Exhibit 21 at 23-25.) NNG will therefore need a removal/fill permit issued pursuant to
ORS chapter 196 and the regulations of the Oregon Division of State Lands.
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Hydrostatic testing of the pipeline will require the temporary withdrawal of less than
approximately 40,000 cubic feet of water from the Nehalem River and subsequent disposal of
that water following completion of the testing. NNG intends to apply the wastewater to
nearby agricultural land.

The water withdrawal from the Nehalem River will require review by the Water
Resources Department (“WRD”) under ORS chapter 537 and the implementing rules of the
Water Resources Commission. Land application of the water may require a water pollution
control facility permit issued pursuant to ORS chapter 468B and DEQ rules.

As noted in the Introduction, it is not clear from the siting statute whether the EFSC
process for amendment of an existing site certificate includes relevant permits that are
ordinarily issued by another agency. NNG therefore plans to work with Council staff on
submittal of the necessary applications to DSL, WRD and DEQ, and to provide the decisions
of those agencies to the Council before its action on this application.

NNG intends to submit the applications by the end of March 1997 and expects action

from the three agencies before the first reading on this application, now scheduled for
May 30, 1997.
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VIII. NOTICE LIST - See next page.
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UNDERGROUND STORAGE FACILITY
SITE CERTIFICATION AGREEMENT
for the
MIST SITE
between

The State of Oregon

acting by and through its
ENERGY FACILITY SITING COUNCIL
and

OREGON NATURAL GAS DEVELOPMENT CORPORATION



UNDERGROUND STORAGE FACILITY
- SITE CERTIFICATION AGREEMENT
for the
MIST SITE
between
The State of Oregon
acting by and through its
ENERGY FACILITY SITING COUNCIL
and
OREGON NATURAL GAS DEVELOPMENT CORPORATION
This Certification Agreement is made and entered into in
the manner provided by ORS 469.300 through ORS 465.570 and ORS
469.992, by and between the State of Oregon (State), acting by
and through its Energy Faciliéy Siting Council (EFSC) and
QOregon Natural Gas Development Corporation, {(ONG), a wholly
owned subsidiary of Northwest Natural Gas Company (NNG). Any
reference herein to ONG shall also include NNG.

I. SITE CERTIFICATION

A. This agreement certifies that, to the extent
authorized by State law and those warranties and con-
ditions set forth herein, the State approves and
authorizes the construction and operation of an
underground storage facility for natural gas and related
or supporting facilities at the Mist Site, in the manner
described in ONG's site certificate application, this
agreement, and the record of the administrative
hearings held pursuant to ORS 469.300 through ORS
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469.570, including supporting testimony filed by ONG
with EFSC. This approval by the State binds the State
and all counties, cities and political subdivisions in
the State as to the approval of the site and the
construction and operation of the underground storage
reservoir and related'ér supporting facilities, sub-
ject only to Fhe coﬁditions of this agreement.
However, eachjagency that issues a permit, license or
certificate shall continue to exercise enforcement
authority over such permit, license or certificate.
This certificate requires ONG to comply with applicable
state laws as they exist on the datg it is executed by
EFSC, and with stricter state laws adopted subsegquent
thereto if compliance with such stricter state laws is
necessary to avoid a clear danger to the public health

and safety.

IT, SITE DESCRIPTION OF THE UNDERGROUND STORAGE RESERVOIR AND
RELATED OR SUPPORTING FACILITIES

A.

The underground storage reservoir and related or sup-
porting facilities to be constructed and operated con-
sist of: ‘

1. two naturally existing underground gas reservoirs
(the flora and bruer pools) in portions of 6
sections of land in Columbia County, Oregon,
entirely within the project boundaries
described in Appendix 1 attached hereto and
by this reference incorporated herein; and

2



III.

located in Columbia County, Oregon the
following related or supporting facilities as
shown on the attached Appendix l: Miller
Station with attendant equipment (including,
but not limited to, compressors), gathering
lines, access roads, existing natural gas
wells, monitoring wells and proposed
injection/withdrawal wells. These locations
may be adjusted as reasonable or necessary

because of physical conditions.

WARRANTIES

In consideration of the execution of this Certification

Agreement by the EFSC, and pursuant to ORS 469.400(4)

and ORS 469.470(3) the following warranties are made:

A.

Completion of Construction

ONG warrants that the construction of the
underground natural gas storage facility and
related and supporting structures will be completed

prior to August 31, 1987.

Financial Ability

ONG warrants that it has reasonable assurance of

obtaining sufficient financial resources to

construct and operate the underground atorage

facility, and related and supporting facilities

including funds necessary to cover censtruction

3



‘.' _ costs, operating costs for the design lifetime of
the underground storage facility, and the costs of
permanently shutting the underground storage faci-
lity down and maintaining it in a safe condition.

C. Ability to Construct and Operate

ONG warrants that it has the ability to take those
actions ﬁécessary to ensure that the underground
storage facility and related and supporting facili-
ties will be constructed and operated in a manner
consistent with its representations regarding
effects on the public health, safety, and welfare
contained in its site certificate application, and

L supperting testimony and the_terms and conditions
of this agreement including compliance with all
design, gquality assurance and personnel gualifica-
tions and training -requirements.

D. Protection of Public Health and Safety

ONG warrants that it will take those actions,
including compliance with all state and Federal
statutes, rules and regulations necessary to ensure
that construction and operation of the Mist
underground storage facility poses no danger to the

public health and safety.

IV. CONDITIONS

The following conditions are provided pursuant to the pro-
‘ visions of ORS 469.400 and OAR 345-100-011.

4



L B, State and Federal] Law

l.' ONG and EFSC shall abide by all applicablé
state laws including all laws and state admi-
nistrative rules and regulations in effect on
the date this site certificate is executed,
except upon a clear showing that there is
danger to the public health and safetyithat
requires stricter laws or rules, then, in that
case, EFSC may, subject to ORS 469.400 require
ONG to meet stricter state statutes or rules
of EFSC or other state agencies or ordinances
of cities or counties adopted subseguent to

L the execution ¢f this agreement. -

2. Nothing in this agreement shali relieve ONG
from complying with regquirements of Federal
laws and regulations which may be applicable
to construction and operation of the
underground storage reservoir and associated
facilities, and with the terms and conditions
of any permits and licenses which may be
issued to ONG by pertinent feéeral agencies.,

B. Control of Site

Prior to commencement of construction ¢f the Facllity
ONG shall present evidence satisfactory toe EFSC that
ONG has access to the facility and full control

L over the underground_reservoirs and sites for
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related and supporting facilities, whether by
ownership, lease or easement or otherwise as
necessary to: Construct and maintain the
underground reservoir, compressors, pipelines,
gathering lines, injection withdrawal and other
wells, and access roads to the facility necessary

for the construction, operation, monitoring and

- regulation of the underground storage reservoir.

Mandatory Conditions Required by OAR 345-100-011

1. Location
Related or supporting facilities shall not be
located at less than the minimgm distances
from any éxisting permanent habitable dwelling
specified in OAR 345-100-036(1l) in effect on
the date of this Certificate.

2. Pipelines
All pipelines in the project area shall be
designed, built and operated in compliance
with the requirements of the U. S. Department
of Transportation set forth in Title 49, Code
of Federal Regulations, PartJ192 subpart C, in
effect on the date of this Certificate, as
administered by tﬁe Public Utility
Commissioner of Oregon.

3. Noise
all COmMPressors, pipelines, roads and related

6
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facilities shall be designed, constructed,
installed and operated in such a manner so as
not to violate the standards specified by the
Oregon Department of Environmental Quality in
OAR 340-35-35, (Noise Control Regulation,) in
effect on the date of this Certificate.

Wells

Operation, maintainence and abaﬁdonment of

all wells on the site shall be in compliance
with the applicable provisions of ORS chapter
520 and OAR ch. 632, Division 10, in effect con
the date of this Certificate, as administered
by the Oregon Department of Geélogy and

Minerazl Industries.

Monitoring Program

Design, construction, and operation of the
underground storage reservoir and related or
supporting facilities shall incorporatg a
monitoring program to ensure the public health
and safety and'to‘detect leakage using the
best available surface and subsurfaée moni-
toring technology and testing procedures
available as of the date of this Certificate
or as described in ONG's application and sup-
porting testimony relating to OAR
345-100-040(6) and (7).

-



Water Quality Protection

ONG shall construct, build and operate the
underground storage reservoir and related or
supporting facilities so as to prevent
emissions of pollution into ground or surface
waters in violation of OAR 345-100-4C
(ly(a),(b), and {c) and other state and
Federal water pollution rules and statutes in
effect on the date of this agreement.

Fragile Soils

The ONG underground storage reservoir and
related or supporting facilities shall be
designed, built, and operated so as to re-
duce adverse impacts on unstable or fragile
soils.

Socio-Economic Impacts

Throughout the design, construction, and
operation of the underground storage facility
ONG shall continuously cooperate with Columbia
County to identify any adverse socio-

economic impacts. | |

Water Rights

ONG shall design, build and operate the
underground storage facility and related or sup-
porting facilities without infringing on the

existing water rights of other persons.



10.

ll.

Applicant's Representations

The facility shall be designed, built and
operated in compliance with the representations
made by ONG in satisfaction of QAR
345-100-040(2),(4), and (8), and any other

EFSC standard.

Gas Pressure

ONG shall maintain average gas pressures in the
underground storage reservoirs at levels equal to
or beiow the natural gas pressures in the
reservoirs, prior to production of natural gas
which was 1000 psi in the Flora pool and 940

psi in the Bruer pool. Provided, however, that
ONG may maintain natural gas pressures at

higher levels if ONG provides EFSC with results
of a breakdown test of the caprock which shows to
EFSC's satisfaction that a higher level of
pressure will not endanger the public health and
safety. ©Such higher levél in any event shall

not exceed 1250 psi.

v. Qther Conditions

l.

It is agreed by ONG and EFSC that construction of
any other injection/withdrawal well, pipeline or
gathering line, or any other facility not

shown in Appendix 1 or identified in part II

of this agreement shall require an amendment

of this agreement as provided in part VII

below,



VI.

Approvals

The following approvals, permits, licenses, or cer-
tificates by governmental agencies are considered
necessary to construct and operate this underground
storage of natural gas facilitv. Each appropriate
state agency shall issue the permits identified
below consistent with the conditions in this
agreement and not later than 90 days or sooner as
provided by the appropriate agency's rules, from
the time of filing of a complete application

by ONG. ONG shall make application for these
approvals, permits, licenses, or certificates,
paying all applicable fees prior to construction of
this facility or later as appropriate.

l. Department of Geology

Well drilling and other permits required by ORS
¢h 520 and OAR c¢h 632 Division 10.

2. Department of Environmental Quality

Air Contaminant Discharge Permit for the opera-

tion of the Mist underground storage facility.

T

3 Public Utility Commissioner

Compliance inspection of pipelines pursuant to
Title 49 CFR, Part 192, as necessary.

4. Department of Commerce

Pressure vessel inspection, State Fire
Marshall approvals and plan review of

construction drawings.
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VII

Department:- of Transportation

Single trip permits for oversize or overweight
loads.

Columbia County

Building, plumbing and electrical permits.

AMENDMENT OF SITE CERTIFICATION AGREEMENT

A.

ONG and EFS5C recognize a need to provide a
means of amending this agreement because of
the length of time which will pass between the
date of its execution and the date of
construction and the length of the operation
of the facilities. Therefore,.the parties
agree that in the event future unforeseen
developments cause the construction or opera-
tion of the underground storage reservoir or
related or supporting facilities to present a
danger to the public health, safety or welfare
or if Federal law requires a change, this
agreement may be amended.by further written
agreement, executed in the manner provided

in ORS 469.400(3), after compliance with the
procedures of B. through F. below.

Either ONG or EFSC may propoée a corrective
amendment. The proposal shall set forth the
amendment verbatim, together with a statement

of the reasons therefor.
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EFSC shall distribute the proposed amendment

to the interested state agencies, and to the
county advisory group as defined in ORS 469.480
regquesting comments and recommendations on the
proposed amendment within 30 days of the date of
distribution.

If ONG and EFSC do not agree on an amendment ér

if after public notice in a regularly published

EFSC meeting agenda 10 or more members of the public

or an organization representing 10 or more
members of the public regquest a hearing, EFSC
shall hold a public hearing on the proposed
amendment within 90 days after distribution of
the proposed amendment.

At the conclusion of any hearing, and in no case
more than 120 days after the proposed amendment
was distributed, the EFSC will, based upon its"
findings as to danger to the public health, safety
and welfare, either approve or reject the pro-
posed amendment. Rejection or approval of the
proposed amendmeht will be squect to judiecial
review the same as this agreement.

For amendments not affecting the public health,
safety or welfare and where ONG and EFSC agree
that it is desirable to amend this site cer-
tification ONG may file with the EFSC an

12



application for an amendment to the site cer-
tificate agreement, which application shall
state the necessary reasons therefore. The
EFSC may grant such application without
further proceedings at its regular public
meeting.

VIII SUCCESSORS AND ASSIGNS

This agreement is binding upon ONG and any

co-owners, partners or joint venturers of ONG in

the construction and operation of the undexrground
storage facility and related and supporting facilities
and upon any successors in interest to or assignees of
either ONG or any co-owner, partner or joint

venturer.

IN WITNESS WHEREOF, this Site Certificate Agreement has
been executed by the State of Oregon, acting by and through

its Energy Facility Siting Council and Oregon Natural Gas

13
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day of_JRﬂAJZ_An&

Development Corporation as below subscribed on this o™

State oﬁ,Oregon

//r //”/ééé//(/ ;

Chalqgan
Energy Facility Siting Council

attest: ogmaddl O RS

Oregon Natural Gas Development Corporation
and
Northwest Natural Gas Company

v e A Tl

President -‘Ronald T.

Attest:

Secretary - Wesley f/'nadford

14
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Book ___ Page ___

ASSIGNMENT
of
UNDERGROUND STORAGE FACILITY
SITE CERTIFICATION
for the

MIST SITE

Oregon Natural Gas Development Corporation, an Oregon corparation with
its principal piace of business at 221 N.W. Second Avenue, Portland, Oregon
{("Assignor’}, deoes hereby assign and convey to Northwest Naturai Gas Company, an
Oregon corperation with its principal place of business at 220 N.W. Second Avenue,
Portland, Oregon ("Assignee") all of its right, title and interest in the Site Certification for
the MIST SITE dated September 30, 1981, including any and all approvals and
authorizations therein received by Assignor from the State of Oregon acting by and
through its Energy Facility Siting Council.

The true consideration for this Assignment is Ten Dollars ($10.00} and
other good and valuable consideration, the receipt and sufficiency are hereby
acknowledged.

This Assignment is made in accordance with the above-referenced
certification and shall be binding upon and inure to the benefit of the Assignor and
Assignee, and their successors and assigns, and shall be effective for all purposes as
of April 11, 1988.

Assignor: Assignee:
OREGON NATURAL GAS DEVELOPMENT NORTHWEST NATURAL GAS COMPANY
CORPORATION .
f
icgee ZEtey o /ﬂQZ -
STATE OF OREGON STATE OF OREGON'
County of MWETADMet A o 5 County of AL/ CTA/E dadbrl 3.5,
On this 94 day of ol y . 19!almfore mae, the On this §/ day of Vi , 19_@before ma, the
undersigned, a Notary Public in and for said County and undersigned, a Notary Public in and fer said County and
State, personally appeared DG YAIE b FlE Y State, personaily appearad &- & A2 &
known to me to be the ARSI/ D& sy= ot Cregon known to me to be the S<TrF& ALY of
Natural Gas Developmant Carporation, the corporation that Northwest Natural Gas Company, the corporation that
executed the within instrument, and known to me to be the exscutad the within instrument, and known to me to be the
person wha executed the within instrument an behall of the person who exscuted the within instrument on behalf of the
corporation therein named. and acknowladged to me that corporation thesein named, and acknewledged to me that
such corporation executed the same pursuant to its by-laws such corparation executed tha same pursuant to its by-laws
or a resolution of its board of directars. or a resolution of its board of directors,
R.L. HORDICHOK _ A.L. HORDICHOK
NOTARY PUBLIC - OREGQN N o2 NOTARY PUBLIC - OREGON
My Commission Expires £Z—7 -~ 7 2 My Commission Expires 78~ 9 -9 T
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Amendment No. 1 to
Underground Storage Facility
Site Certification Aqgreement

for the Mist Site

between
The State of Oregon
acting by and through its

Energy Facility Siting Council
and

Oregon Fatural Gas Development Corporation

The Mist Site Certification Agreement ("Agreement®} was executed by Oregon
Natural Gas Development Corporation (3G) and the State of Oregon (State),
acting by and through {ts Energy Pacitlity Siting Council (RFSC), on
September 30, 1981. The Agreement aumthorizes ONG to construct and operate
an underground storage facility for natural gas and asscclated facilities at
the Mist Site in Columbia Coonty, Oregon.

ONG wishes to amend this Agreement in order to extend the deadline for
constructing the proposed facility.

Colunbia County, the Mist-Birkenfeld Rural Fire District and local residants
requested additional amendments to the Agreement,

EFSC has reviewed ONG's request znd the concerns and requests made by the
public. EFSC agrees that certepin amendments to the Agreement should be exe-
cuted. -

In considermtion of the foregoing, it is agrad that:

a‘

Section IIT.A. ofthehgrea:ent:.sanendedtoreaaas follows: ™ONG
warrants that the construction of the underground patural gas storage
facility and releted and supporiing structures will be campleted prior
to Angust 31, -1990."

The map in Appendix 1 of tbe site certificate 1srepla.caibythemp
attached herein.

Section IT.A.l1 is smended to read as followss "two paturally existing
underground gas reservoirs (the Flora and Bruer pools) in portions of 3
sections of land all ln Township 6 North, Range 5 West of the
Willamette Maridian in Columbia County, Oreqon, containing 940 acres,
more or less from the surface of the earth to the base of the Clark and
Wilson Sands and the stratigraphic equivalent thereof, which in the
case of the Bruer pool was identified at a measured depth of 3,095 feet
in the REC (C¢1 R0 1 well and in the case of the Flora pool was iden—
tified at measured depth of 2,760 feet in REC (C§33~3 well and are
entirely within project boundaries described in Appendix 1 attached
hereto and by reference incorporated herein; and®

wiouz
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Section IV.C.5 is amended to read as follows: "Design, construction
and cperation of the underground storage reservolr and related of sup-
porting facilities shall incorporate a monitaring proegram to ensure the
public health and safety and to detect leakage using the best amilable
technology and testing procedures available as of the date of this
Certificate or as described in ONG's application and supporting testi-—
mony relating to CAR 345~100-040(6) and (7). ON3 shall recammend for
FFSC approval a program to evaluate reported local wumsual vibrations.
The program shall include reporte not less than anmmliy to BFSC. If
ONG or EFC believes there is a correiation between reported vibrations
and storage resexrvoir activity, (NG shall recamend to EFSC a program
to install and monitor seismic instroments.™

The following sentence is added to the end of Section IV.C.11l: "ONG
shall notify Columbia County when it notifies EPSC that it wishes to
increase reservoir gas pressures above discovery pressure.®

Section V.1 is amended to read as follows: "It is agresd by ONG and
EfSC that construction or replacement of any monitoring well,
injection/withdrawal well, pipeline or gathering line, or any other
facility not shown in Appendix 1 or identified in part IT of this
agreement shall require an amendment of this agreament as provided in
part VI below.™

Section VI.6 15 amended to read as follows: "Building, plumbing,
electrical, and conditional land use permits.”

IN WITNESS WHRREOF, this mendment No. 1 to the Mist Site Certificetion
Agreement hac been executed by the Chairman of the Energy Facility Siting
Council of the State of and Or tural Gas Development Corporation,
as bealow subccribed this E m _

, 1987.
SIATE OF CREGON
ENERGY SITING
WA

Chalrogh

aetest: V00010, 7S .

Secretary

Wuus



e ———— '""""'"‘""""'"""'"'"“""'"“"""""""""‘-""""""'"""'""L
i
| LIETE \ LEGEND
I - N N\ === Storage Leass
I (1T I_“Ilﬂllllﬁ-.“....‘-' wamasens Mneral mersh‘p
l e H oo ’ N s Mak) Pipaline
| Y :m,., X ~———— Exlsting Gathering Line
ey ﬁ FLORA: 3;OOL .\\ N -~ Proposad Gathering Lina
. R m ""'""'""i o Monitoring Wel
oa a3 A" \ : N # Pressure Manitoring Well
.\ E % Inlection/Withdrawal Well
1 413 | 3 :.\ ! X Proposed Injeclion/Withdrawal Well
iy g | | 101117} || ® Wihdrawal Well
T6N { o i | Existing and proposed pipelines
E 1< - ' | 4 follow existing roads excepl where
) _ o \ ; - noted. No new roads planned
'--j; o .OH O .---::u“! . ..-u-n.-h'l'lﬂ'll'l"'"" " ' ‘ )
— -y af . . Yrad -1
BHUEHJ pdolgl_ . ILLIEH ngﬂ'ON
amiadio Iw a...__ 53 oz by
—— 1° Directionally N — sogslalp e
E Priled Wall . ' ’ / [}
g . c | ' 8CALE: 1" ~ 1360
e ross counfry gaihering nes < . o
‘lﬁtmﬁw-"------- wansanwninughonnnw ,\\l\?‘ I
] .“ ."""_'lml-llllmwwnwu.—_..
I ' . _
= 1 _ --"“ L_\+ ..lf OREGON NATURAL QAS DEVELOPMENT CORP
} : 7/ MIST UNDERGROUND STORAGE PROJECT.
—oig i N 10|11/

e

FACILITIES MAP : EXISTING AND PHOP&%?D

18/11/6 pa?.

#d £ IFQTUX3

PR 0T 0

enctT

71 qee ¢nchy,

VYrNNT & 904an

tonfh



U3. Ly, 97 14:03 503 536 7237 UDUE 4 TRUJAN g Bud

Amendment No. 2 to

Underground Storage Facility
Site Certification Agreement

for the Mist Site
between

The State of QOregon
acting by and through its
Emergy Facility Siting Council
: and
Oregon Natural Gas Development Corporation

1. The Mist Site Certification Agreement ("Agreement™) was executed by
Oreqon Natural Gas Development Corporation (ONG) and the State of
Oregon (State), acting by and through its Energy Facility Siting
Councit (EFSC), on September 30, 1981. The Agraement authorizes ONG
to construct and operate an underground storage facility for natural
gas and associated facilities at the Mist Site tn Columbia County,
Oregon. .

2. ONG wishes to amend this Agreement to add one new monitoring well to
the related and supporting facilities authorized by the Site
Certificate. :

3. The monitoring well, known as OM 43B-10, Is needed to monitor aquifer
activity on the south side of the Bruer Reservoir. :

4. The site of and specifications for the proposed monitoring well are
generally described and discussed in ONG's original appiicatton,
testimony, and Site Certificate Agreemént for the storage faciltity.
These descriptions and specifications adequately describe the health
and safety requirements for monitoring wells. ONG assures that those
descriptions and specifications apply to the proposed monitoring
weil. Therefore, the amendment does not present danger to the public
health, safety or welfare. The Agreement avuthorizes EFSC to make
amendments at regular pubiic meetings if health and safety are not
affected. (Section VII.F.)

5. EFSC has reviewed ONG's request and staff have consulted Columbia *
County, the Oregon Department of Geology and Mineral Industries, and
Oregon Public Utility Commission staff. No objections to the
proposed well were raised. EFSC agrees that the amendment to the
Agreement should be executed.
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In consideration of the foregoing, IT IS ﬂGREED that:

2. The map in Appendix 1 of the site certificate ts replaced by the

map attached herein,

titled Exhibit 2 (Revised 5-719-88), to

allow the addition of one monitoring well, Knowr as OM 433—10
on the south side of the Bruer reservoir.

IN WITNESS WHEREQF, this Amendment No. 2 to the Mist Site Certification
Agreement has been executed by the Chairman of the fnergy Facility Siting
£

Council of the State of Oregon and Oregon turatl Gas D velo
Corporation, as below subscribed this

OREGON NATURAL GAS DEVELOPMENT
CORPORATION

By:%ﬂm—*ﬁ? %

~ PFresident” /

Atfest: (iz /é?y

SeF?é_ﬁry

CG:3f
27110K(dT)
05/26/88

day of

STATE OF OREGON
ENERGY FACILITY SITING COURCIL

Moy £

Chairmin
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Amendment No. 3 to Underground Storage Facility
SITE CERTIFICATION AGREEMENT
for the Mist Site
between
The State of Oregon
and

Northwest Natural Gas Company

RECITALS

1. The Site Certification Agreement ("Certificate") for
the Mist Site was executed by Oregon Natural Gas Development
Corporation ("OKNG") and the State of Oregon Energy Facility
Siting Council ("EFSC" or "Council") on Septemker 20, 1981. The
Certificate authorized ONG and its parent company, Northwest
Natural Gas Company ("NNG") to censtruct and opearate an
underground storage facility for natural gas and related or
supporting facilities at the Mist site. The Mist storage
facility was transferred from ONG to NNG effective April 11,

1988,

2. Construction or replacement of any monitoring wells or
injection/withdrawal wells requires an amendment of the
Certificate. Such amendment may be granted at a regular public
meeting of the Energy Facility Siting Council if in the opinion
of EFSC and the company it is desirable to amend the Certificate
and the amendment will not adversely affect the public health,

safety, or welfare.



3. NNG seeks to amend the Certificate to permit
construction of two replacement wells for-two poorly functicning
injection/withdrawal wells (IW 33d-3; IW 22d-10) and two new
wells to increase the capacity for withdrawal. The two
replacement wells (IW 33ac-3: iw 32¢-10) will permit withdrawal
up to the current needs of 80 MMcf per day for the 1990-1991
heating season, which cannot be reliably sustained because of the
two poorly functionipg wells. The twe additionai wells (IW 23d-
3; IW 13b-11) will allow a Mist system increase to 100 MMcf per

day in the 1991-1992 heating season.

4. The new wells will be located within the approved
boundaries of the Mist storage project and within existing areas

of NNG mineral rights and leases.

5. NNG requests that the Certificate be amended to permit
construction of the four wells as shown on Exhibit A to this
document, which will become Revised Appendix 1 to the

Certificate.

FINDINGS AND CONCLUSIONS
1. EFSC sent notice of NNG's reguest to all affected state
agencies and all persons on the EFSC's mailing list. EFSC placed
a public notice and request for public comment in the local area
newspaper on August 15, 1990, and a notice of public hearing in

the same newspaper on September 12, 1990.



2. NNG's request and comments on it were reviewed and
considered by EFSC at a special public meeting in Pertland on

September 21, 1990.

3. NNG has obtained permits for the four wells from the
Oregon State Department of Geclogy and Mineral Industries;
Columbia County Planning Division; Mist-Birkenfeld Fire District:

and the COregeon Department of Forestry.

4. Based on its review and consideration, EFSC finds that
NNG's request 1s reasonable, does not adversely affect the public
health, safety, or welfare, and is consistent with all applicable
standards. EFSC agrees that an amendment to the Certificate is
desirable and should be made pursuant to Section VII. F. of the
Certificate to allow drilling and operation cof four wells as

shown on revised Appendix 1 to the Certificate (Exhibit A).

IN CONSIDERATION OF THE FOREGOING, the following
Amendment No. 3 to the Mist Site Certification Agreement is made
and entered into by the State of Oregon, acting by and through

EFSC, and NNG, an Oregon corporation:

A. Exhibit A attached hereto describkes the well
locations at the Mist site. Existing well
IW 33d-3 will be retained solely as a
monitoring well.

B. Exhibit A is hereby substituted for all prior
versions of Appendix 1 for all purposes of

3



the Underground Storage Site Certificate

Agreement for the Mist site, as amended.

IN WITNESS WHEREOF, this Amendment No. 3 to the
Certificate for Underground Stdrage Facility at the Mist Site has
been executed by the Chairman of the Energy Facility Siting
council of the State of Oregon and Neorthwest Natural Gas Company,

as below subscribed this day of ., 1990.

STATE OF OREGON

ENERGY FACILITY SITING COUNCIL

By:

Chairman

Attest:

Secretary

NORTHWEST NATURAL GAS COMPANY

By:

Attest:
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WAY 141996 OIl
PUBLIC
UTILITY
Y 13. 1996 COMMISSION

MAY 13,

DWAYNE L. FOLEY

SENIOR VICE PRESIDENT

NORTHWEST NATURAL GAS COMPANY

ONE PACIFIC SQUARE

220 NW SECOND AVENUE

PORTLAND, OREGON 97209

Enclosed is a copy of Inspection Report #96-15 concerning a PUC inspection of the
company's facilities at the Mist Gas Storage Field and Compressor Stativn. The inspection
was conducted on May 7 and 8, 1996.

The physical (acilities as well as the records pertaining to Miller Station appear to be
satisfactory, and no probable violations of the pas pipeline safety regulations were found.

If you have any questions or would like to discuss the report (urther, please feel free to contact
me, or Bill Ogilvie at (503)378-6688

[ =T g , 2=

Pl

(7 Jack P. Dent
Chief, Pipeline Safety
Electric & Natural Gas Division
(503) 378-6760

Enclosure

550 Capitol 5L NE
Salem, OR 97310-1230
(503) 378-5849

T a B EEEREENENaEEEEEREEE ol
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PUBLIC UTILITY COMMISSION OF OREGON
GAS SAFETY INSPECTION REPORT

DATE OF INSPECTION: May 7 & 8, 1996 REPORT NO. : 96-15
OPERATOR: Northwest Nataral Gas Company

ITEADQUARTERS ADDRESS: 220 N. W. Second Av.

LOCATION OF INSPECTION: Mist Gas Storage Field and Compressor Station

OPERATOR'S REPRESENTATIVE: Nick Potts, Roy Rogers, Dave Tavior
(Present During Inspection)

PUC REPRESENTATIVE: Bill Ogilvie
{(Conducting Inspection)

COVERAGE: It shouid not be assumed that this inspection discovered all probable violations that could
be invoived, or that the Remarks and/or Recommendations, if followed, would insure compliance with the
Code of Federal Regulations (CFR 49). Remarks or Recommendations are not ta be construed as PUC
Cammission orders. The reader is referred to the CFR 49, Parts 191, 192, 193, 199 and 40 for pipcline

safety requirements.
CITATION PROBABLE VIOLATION
NUMBER INVOLVED DESCRIPTION OF PROBABLE YIOLATION
INane

REMARKS:

Inspection of the Mist Gas Storage Field and Compressor Station was conducted an May 7, 1996, The inspection

conducted on site evaluated the physical plant and aiso the Operations and Maintenance procedures used to maintain
the plant.

Inspemun of the recorcs for rciiel capacity and the cnhodu: protrcnon of the p:pmg was :onductcd in the Portland
flice an May 2. 1996. . : _ -

All site inspections and related records were found to be satisfactory.

RE NDATI

None

Prepared By: Bill Ogilvié

May 13, 1996

Pege [ of 1



DAMES & MOORE

A DAMES & MOORE GROUP COMPANY

Exhibit G
Geology, Slope Stability
and Seismicity
Mist Underground Storage
Project
Mist, Oregon

Jfor
Northwest Natural Gas

February 21, 1997
Job No.

Portland, Oregon
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 DAMES & MOORE GROUP COMPANY
1750 S.W. Harbor Way, Suite 400
February 21, 1997 Portland, Oregon 97201

503 228 7688 Tel

503 223 6083 Fax
Northwest Natural Gas

220 NW Second Avenue
Portland, OR 97209

Atm: Mr. H. Jack Meyer

Re: Exhibit G
Geology, Slope Stability, and Seismicity
Mist Underground Storage Project
Mist, Oregon

Dear Mr. Meyer:

Transmitted herewith are 15 copies of our report entitled “Geology, Slope Stability, and
Seismicity, Mist Underground Storage Project, Mist, Oregon”. This report is intended to fulfil
the requirements of Exhibit G of the Mist Underground Storage Project site certificate amendment
application. This work was performed under Change Order 1 to Purchase Order No. 43642,
dated January 8, 1997.

Dames & Moore also performed a geotechnical investigation of the Mist gas storage site. The
results of the investigation, along with geotechnical conclusions and recommendations, are
summarized in a report dated January 24, 1997. The subsurface information developed during
the geotechnical investigation forms the basis for this current study.

We appreciate the opportunity to be of continued service. Please call if you have any questions
or need more information.

Very truly yours.

DAMES & MOORE

e

Senior Engincer

WPW016\02114102/DRS:1ih/02114-016-016

Offices Waorldwide
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Exhibit G
Geology, Slope Stability, and Seismicity
Mist Underground Storage Project
Mist, Oregon

1.0 INTRODUCTION

This exhibit presents the results of a geology and seismicity evaluation for the proposed
expansion of the Northwest Natural Gas underground gas storage facility near Mist, Oregon.
This exhibit addresses geologic and seismic hazards pertinent to site selection issues, and is
prepared as required in OAR 345-21-010(1)(g) for energy facility site certificate applications.
Recommendations for mitigating geologic and seismic hazards are provided in each section,
where appropriate.

The subsurface information used in this evaluation was developed during a geotechnical
investigation of Miller Station, the pipeline alignment, and the wellsites. Geotechnical
recommendations regarding foundation design, pipeline alignment and construction, and wellsite
siting and construction are provided in our report dated January 24, 1997'.

2.0 PROJECT DESCRIPTION

The planned construction includes two turbine compressors at Miller Station (one in 1997
and one in the future), approximately 2% miles of double pipeline connecting Miller Station with
the Calvin Creek storage pool area, and four wellsites between the Nehalem River and Calvin
Creek. Figure G-1 shows the planned pipeline alignment and the wellsite locations. Figure G-2
shows the planned equipment locations at Miller Station.

3.0 GEOLOGIC CONDITIONS

This section summarizes the geologic origins of the Mist area and describes significant
conditions which could affect the planned construction.

3.1 G IC SETTING

The Mist storage project site is located in the northern portion of the Coast Range
physiographic province, an uplifted mountain range which extends from the continental shelf on
the west to the Willamette Valley on the east. The Coast Range province is bounded on the
north and south by the Columbia River and the middle fork of the Coquille River, respectively.
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The basement rocks of the Coast Range originated between 50 and 65 million years ago
as a chain of islands formed by volcanic eruptions from the ocean floor. The island chain
collided with the westward-moving North American tectonic plate approximately 45 to 50
million years ago. The undersea valley, which was created between the west slope of the plate
boundary and the east slope of the volcanic mountains filled with sediments transported by west-
flowing streams. The sediment source changed as the stream channels marured and extended
farther west, beginning with the Kiamath Mountains and ending at the Idaho batholith. The
parent material for the fine-grained sedimentary rocks underlying most of the pipeline alignment
is volcanic ash and clasts from the ancestral Cascade volcanoes, which originated approximately
36 to 40 million years ago. A series of volcanic eruptions originating in eastern Washington
contributed the isolated pockets of basalt formation which cap the highest hills of the area north
of Miller Station.

The younger geologic units were all deposited in relatively flat conditions, mostly in
shallow marine waters, and were then uplifted into a low coastal mountain range as the Juan de
Fuca plate was overridden by the North American crustal plate. The uplift continues at varying
rates along the coast, with Astoria rising at a rate of approximately 1 inch every 36 years.
Although not measured, uplift in the Mist area is likely much slower due to the distance from
the coast. Erosion and weathering have affected the near-surface materials throughout the site
arca. Landslides have occurred where erosion created steep slopes in the relatively weak
claystone and mudstones.

3.2 STRATIGRAPHY

Basement rock in the Mist gas storage area is the middle to late Eocene Tillamook
volcanics deposit®. This unit is approximately 10,000 feet thick, and is buried by approximately
3,000 to 5,000 feet of sedimentary rock. The Hamlet formation, 2 mudstone formation
deposited in deep marine conditions, is interfingered with the Tillamook volcanics basalt in the
Mist area.

The Cowlitz formation overlies the Tillamook volcanics and is the source of natural gas
production in the Mist field>. The lower portion of the Cowlitz is informally named the C&W
sandstone, because it was first recognized in a 1946 exploration well named the “Clark and
Wilson Well.” The C&W sandstones are typically 600 feet thick, and are overlain by mudstone
of the upper Cowlitz formation. Together, the lower sandstone and upper mudstone units of the
Cowlitz formation are 750 to 1600 feet thick in the Mist area.

The Cowlitz formation is unconformably overlain by marine mudstone of the Keasey
formation, which is typically 1,300 to 1,600 feet thick. The Keasey formation is overlain
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unconformably in places by either mudstone of the Sager Creek formation or mudstones,
siltstones, and sandstones of the Pittsburg Bluff formation. The Sager Creek formation fills
broad erosional channels cut into the Keasey formation, and is not differentiated on some
geologic maps. The uppermost sedimentary unit in the area, the Pittsburg Bluffs formation, was
deposited approximately 30 million years ago.

The most recent geologic unit in the Nehalem basin is a thin and non-continuous basalt
deposit of the Columbia River Basalt group, which is approximately 5 million years old. The
basalts have been eroded and transported in some areas to form a conglomerate, which is
generally referred to as the Scappoose formation.

Surface deposits in the Nehalem valley floor consist of river-deposited alluvium derived
from the surrounding hillside areas blanketing an eroded surface of Keasey or Pittsburg Bluffs
mudstone. The alluvium is less than 20 feet thick in two borings drilled at the Nehalem River
crossing. Surface deposits in the upland areas consist of silts and clays derived from weathered
sedimentary rocks.

Figure G-3 shows a generalized geologic map of the site area, derived primarily from
an early oil and gas exploration map*. The Sager Creek formation is still informally named,
and is referred to as undifferentiated sedimentary rock on the map. In addition, other
researchers show the Columbia River basalt unit as inuch less extensive and the Keasey and
Pittsburg Bluffs formations as more extensive in the Miller Station area. A revised geologic map
of the Nehalem valley area is being developed, but was not available at the time of this report.

3.3 GEOLOGIC STRUCTURE

The Mist gas field is located close to the axis of a gravity high of Tillamook volcanics
called the Nehalem arch. The arch is bounded on the east and west by the Astoria and Nehalem
Basins, respectively, which are filled predominantly with marine sedimentary rocks. Detailed
surface mapping, drilled borings, and seismic reflection profiles show that the Mist field is
extensively faulted. Although the fault pattern is very complex, it is dominated by NW- and
EW-trending faults with subordinate NE-trending faults. The Nehalem graben, an area of
closely-spaced, high angle normal faults, trends northwestward across the Nehalem arch and
controls the course of the Nehalem river within the site boundaries. The complex structure
results in fault traps which collect upward-diffusing natural gas generated from lower
sedimentary rocks.

The Mist gas field has been subjected to two periods of intense tectonism. The first
occurred after deposition of the Cowlitz mudstone, and formed the primary hydrocarbon-trapping
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normal faults. Vertical displacements between 80 and several hundred feet have been measured
in well bores and in seismic refraction surveys used to explore for gas pools. These faults do
not appear to displace the overlying Keasey formation.

The second period of tectonism accomplished much of the regional uplift of the northern
Oregon Coast Range. Many of the pre-existing normal faults in the Cowlitz formation were
reactivated and a new set of NW- and NE-trending faults formed through the Keasey formation
in response to the remewed stress of the Juan de Fuca plate subducting beneath the North
American plate. Most of these faults have vertical throws less than 50 feet. Fault planes at the
surface typically dip 80 to 90° whereas those in the suhsurface typically have dips of 65° or
less.

4.0 TOPOGRAPHY AND SOIL CONDITIONS
4.1 TOPOGRAPHY

Miller Station is located approximately 2 miles north-northwest of the Highway
47/Highway 202 junction. Topographically, the station is iocated on a poorly defined, NS-
trending ridge between Elevation 1040 and 1080 feet. The ridge sides slope down from the
Miller Station area at overall inclinations of approximately 10:1 (horizontal to vertical) on the
west and 2:1 on the east.

The planned equipment areas were graded during initial site development, so topography
within the Miller Station site is relatively gentle. The planned equipment areas are currently
covered with crushed rock surfacing, with no vegetation or existing structures.

The planned pipeline alignment extends approximately 2% miles south from Miller
Station across the floor of the Nehalem valley and back up the south valley side.
Topographically, the pipeline origin is near Elevation 1060 feet (MSL), the valley floor is near
Elevation 525 feet, and the wellsite elevations range from Elevation 600 to 820 feet. The
maximum slope inclination (excluding short slopes) is approximately 19 percent between the
Miller Station Access Road and the floor of the Nehalem valley. Table G-1 summarizes the
overall slope conditions along the pipeline alignment.
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TABLE G-1
PIPELINE SLOPE CONDITIONS

Roadway 6,000 1,040 - 680 | 8

North Valiey Slope 1,000 680 530 19

Nehalem River Valley 3,000 530 600 6

South Valley Slope 2,700 600 740 12

Gathering Line 7,200 740 600 3
4.2 SUBSURFACE SOI DITIONS

This section summarizes the site exploration work completed to date and describes the
geologic and geotechnical conditions encountered at the site.

4.2.1 Site Specific Geotechnical Work

Subsurface conditions at Miller Station were explored by drilling 10 borings to depths
of between 20 and 51% feet below existing site grades. The borings revealed a relatively thin
layer of crushed rock overlying relatively stiff native soils. Hard bedrock was not encountered
within the depth of the Miller Station borings.

Dynamic soil properties were evaluated by means of 2 cone penetration tests (CPT’s)
with a seismic cone tip. One of the CPT’s reached practical refusal due to sleeve friction at a
depth of 6] feet. A friction reducing pipe was added to the second CPT, which reached abrupt
tip refusal at a depth of 65 feet. Although we did not obtain a sample of the hard material, we
suspect that the CPT encountered a cemented calcium carbonate nodule in the Keasey formation.

Subsurface conditions along the pipeline alignment were mvestigated by reviewing
geologic maps and by field observation of rock outcroppings and exposures. Subsurface
conditions at the Nehalem River crossing were explored by drilling 2 borings to depths of 40'4
and 50'% feet.
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In response to Sections G and F of the Exhibit G requirements, in our judgement the
level of subsurface exploration completed to date is adequate for siting and design of the planned
facility. No additional explorations are planned.

4.2.2 Alluvium

The Nehalem River valley floodplain is occupied by a thin layer of young alluvium
comprised of silty sand over gravel. At the river crossing locations, the upper silty sand is loose
to very loose and has moisture contents between 32 and 50 percent. The gravel is also loose,
with rounded particles and lenses of silt.

4.2.3 Colluvium/Weathered Soils

The hillside areas on both sides of the Nehalem valley are mantled by silty and clayey
native soils derived from weathering of the underlying sedimentary rocks. Some of these
materials are exposed in shallow road cuts in the Calvin Creek area and along the Miller Station
access road. At Miller Station, these materials consist of a variable sequence of silts and clays
extending to a depth of at least 65 feet. In general, the upper 13 feet of this unit consists of stiff
to very stiff, low-plasticity silts and clays. The upper soils have moisture contents of between
40 and 55 percent and dry densities between 60 and 85 Ibs/ft3.

Highly plastic clay soils were encountered at a depth of about 13 to 20 feet beneath
present site grades. The plastic soils are generally medium stiff to stiff and moderately
compressible, with an overconsolidation ratio of about 3.

4.2.4 Keasey Formation

The alluvium and weathered soil deposits are underlain by the Keasey formation, a
relatively thick unit comprised of gray claystone and mudstone derived from volcanic ash
transported from the ancestral Cascade volcanoes. The Keasey formation materials can be
considered either a soft rock or a very hard soil. The deposit is generally massive, with no open
joints and few thin shear planes. The moisture content of this material is generally between 22
and 25 percent, with a dry density of approximateiy 110 lbs/ft>. The Plasticity Index of a
sample from 30 feet deep was found to be 108 percent, classifying that portion of the deposit
as a highly plastic clay.
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4.2.5 Groundwater

A regional groundwater table was not encountered in the borings drilled at Miller Station.
Perched water was encountered between 8 and 12 feet beneath present grades, generally in silt

layers which overlie very low-permeability clay deposits. Significant groundwater should not
affect the planned construction.

Groundwater along the pipeline alignment will probably consist of isolated seeps and
springs in the sloping segments and near-surface groundwater in the alluvium perched on top of
the Keasey claystone. Groundwater seeps should be generally seasonal in nature, so dry-season
construction will require less effort to maintain dry and stable trenches. Perched seeps and
springs encountered by the trench excavations can probably be controlled with conventional
sump-and-pump methods. Temporary dewatering and erosion control measures may be required
if seasonal groundwater is captured by the trench excavation.

Groundwater in the valley floor will probably be slightly higher than the Nehalem River
level. For planning purposes, we recommend that the groundwater level be considered
approximately 3 feet below the ground surface until additional data are available regarding
seasonal variation, Seasonal changes in rainfall and river ievel may result in significant changes
in groundwater level, possibly as much as 6 or 8 feet, whicb could make trenching across the
vailey floor much less difficult.

4.3 LANDSLIDING

The Keasey formation mudstones and the other sedimentary deposits are susceptible to
landslides in sloping areas created by stream and river erosion. Figure G-3 shows several of
the landslides which were identified through review of stereoscopic aerial photographs and
confirmed through field reconnaissance. As shown, the selected pipeline alignment avoids areas
of known slope instability.

The most significant group of landslides are located in the south valley side where the
meandering Nehalem River flows very close to the toe of the slope. The landslides probably
formed as erosion at the toe of the slope caused localized over-steepening, exceeding the strength
of the sedimentary deposits. The other landslides shown on Figure G-3 all appear to have
streams or creeks near the toe. Due to continuing erosion throughout the site, all of the mapped
landslides should be considered active and capable of significant displacement during the design
life of the planned pipeline.
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5.0 ANTICIPATED IMPACTS OF CONSTRUCTION AND OPERATION

This section addresses Section B of the Exhibit G requirements, which concerns non-
seismic geologic hazards which could affect the planned construction.

3.1 SOIIL COMPACTION

For the purposes of this report, the term soil compaction used in OAR 345 will include
the engineering terms settlement and consolidation. The primary cause of soil settiement is
increased pressure imposed by fill soils or foundation loads. At Miller Station, the near-surface
soils are moderately compressible, and relatively light foundation bearing pressures have been
used for design in order to limit foundation settlements within acceptable tolerances. Fills at
Miller Station will be very thin, and little settlement is expected outside the equipment
foundations. The buried pipeline will not change significantly the effective stress acting on the
compressible alluvial deposits, so settiement along the pipeline should be minimal.

The level wellsite pads will be built by cutting soil from the high side and compacting
it as structural fili on the low side. Detailed recommendations are provided in a geotechnical
report dated January 24, 1997 concering fill placement and compaction methods. Settlement
of the pads after construction should be well within tolerances.

5.2 OSION

Erosion can be caused by air or water. Wind erosion 15 not a significant concern because
of the tree cover along most of the alignment, revegetation of the pipeline trench sirip, and the
subgrade protection measures necessary to provide equipment access in the Miller Station and
Wellsite areas.

Water erosion at the Miller Station site will be minimal because the site is covered with
crushed rock fill. The pipeline alignment will be relatively narrow, and will be encouraged to
revegetate over the trench backfill, so the potential for erosion from on top of the pipe will also
be small. Temporary erosion control may be required until native plants are re-established over
the trench backfill. The wellsite pads will be covered with crushed rock in order to provide a
reliable travel surface for construction and drilling equipment.

Erosion from the uncovered cut slopes on the high sides of the wellsites will be
controlled on the pads, and should not be of sufficient quantity to cause stream degradation.
Uncontrolled slope face erosion can cause slope instability, which would adversely affect the
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wellsite performance. Recommendations for erosion control on slopes are provided in the
geotechnical report. '

5.3 MASS WASTING, SL AND ING

As discussed in Section 4.3, portions of the general site area are affected by ancient and
active landslides. Miller Station is not affected by landslides, and the planned construction
should not impact any existing slopes.

The pipeline alignment crosses moderately sloping terrain on both sides of the Nehalem
valley, including localized areas with moderately steep inclinations. The pipeline alignment
shown on Figure G-3 was selected to traverse the most gently-sloping terrain between Miller
Station and the Calvin Creek pool, and does not cross any mapped areas of slope instability.
In addition, the alignment is designed to be generally parallel with the fali-line of the isolated
steep slopes, further reducing the potential for slope failure affecting the pipe.

The planned construction should have minimal impact on existing slope stability. Cut
stopes necessary to level the wellsite pads will be laid back to stable inclinations, and will be
monitored for unfavorable bedding conditions or shear planes during excavation.

6.0 SEISMIC HAZARD ASSESSMENT

This section describes the general seismicity of the Mist area and summarizes the
selection of maximum credible earthquakes for use in evaluating the seismic vulnerability of the
site. Earthquake hazards, including ground shaking caused by the selected MCE events, are
addressed in Section 7.0.

6.1 HISTORICAL SEISMICITY

Historical records of regional seismicity indicate that several measurable, small
earthquakes have occurred within 50 miles of the site since the mid-1800’s. Figure G4 shows
the epicentral locations for most of the recorded events®. Table G-2 summarizes the significant
earthquakes reported by DOGAMI® and other publications’.
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TABLE G-2
SIGNIFICANT HISTORICAL EARTHQUAKES

December 3 1841 | 456 27 ] -
October 12, 1877 455 122.7 5% VI
November 18, 1915 | 45.9 122.7 - v
December 29, 1941 | 45.5 122.8 4% Vi
November 1, 1942 | 45.6 123.7 - v
December 15, 1953 | 45.5 122.8 m Vi
November 16, 1957 | 45.3 123.8 4% v
October 7, 1958 46.7 124.0 ” VI
Jamary 7, 1960 46.7 1227 = VI
February 2, 1961 46.7 122.8 - v
August 11, 1962 6.0 1235 - VI
November 5, 1962 |  45.5 122.6 m vII
December 27, 1963 | 45.7 123.4 4% i}
October 1, 1964 457 122.8 5% v
February 13, 1981 463 122.2 5% VI
e -

The intensity values reported in Table G-2 are the maximum values for the event,
typically at the epicenter. The Mist area experienced intensity V earthquake shaking during the
1962 event and intensity IV shaking during the 1963 and 1981 events. For reference, an
earthquake with an intensity of V causes minor to moderate building damage and is generally
felt by people up to about 50 to 90 miles from the epicenter. Intensity VI earthquakes can ring
church bells and move dishes off of shelves, but generaily do not cause widespread structural
damage.

As shown on Figure G4, recorded earthquakes near the Mist site generally consist of
small events with no apparent pattern or regular recurrence intervai. The low number and small
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magnitude of reported events suggests that the area has relatively low seismic activity.
Magnitudes are not reported for many pre-1962 earthquakes because seismic monitoring
equipment had not yet been installed in the region. The reported magnitudes for pre-1962 events
are estimated based on correlations with the area affected and the maximum severity of shaking.

6.2 DESIGN EARTHOUAKES

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, and
the third source includes shallow earthquakes which occur within the North American crust.
The three earthquake scenarios are discussed in the following paragraphs.

6.2.1 Regional Events

The Cascadia subduction zone (CSZ) is the region where the Juan de Fuca Plate is being
subducted beneath the North American Plate. This subduction is occurring in the coastal region
which stretches from Vancouver Island to northern Califomia. During the last ten years,
evidence has accumulated suggesting that this subduction zone has generated eight great
earthquakes in the last 4,000 years, with the most recent event occurring about 300 years ago®.
Figure G-5 shows a generalized plan of the subduction zone. Figure G-6 shows a simple cross
section through the subduction zone indicating possible sources for earthquake generation.

Two types of subduction-zone earthquakes 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 of 8.5 (interplate event), and (2)
a deep earthquake with a Moment Magnitude of 7 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.

6.2.2 Local Everuds

Seismic source maps of Oregon® show several potentially active faults within a 50 mile
radius of the site. None of the faults, however, have well-defined slip rates or have caused a
recorded earthquake. Seismicity in the northern Coast Range area is sparsely scattered with no
defined pattern or association with known fauits.

It is difficult to select a deterministic model of crustal seismicity without making
unsupportable assumptions regarding fault activity, slip rate, and fracture length. The preferred

Northwest Natural Gas February 21, 1997
Exhibit G - Geology, Slope Stability, and Seismicity DAMES & MOORE
Mist, Oregon 11 WP\006\02114102



solution, aside from developing a probabilistic seismicity model, is to assign regional source
zones with uniform levels of seismic hazard. A magnitude 6 earthquake at 2 random location
near the site is considered appropriate to represent the maximum credible crustal earthquake in
the Northern Coast Range zone, which includes the Mist area. The epicenter is assumed to be
6 miles from the site at a depth of 6 miles. In our judgement, placing the epicenter closer to
the site is unreasonably conservative in an area with no specific seismic sources. The selected
magnitude of this event exceeds the magnitude of all recorded seismic events in the Portland
area.

7.0 SEISMIC HAZARDS

This section summarizes the significant earthquake-related geologic hazards which could
affect the planned construction and provides our conclusions and recommendations regarding
mitigating the effect of these hazards. This section addresses Section D of the Exhibit G
requirements.

7.1 GROUND SHAKING

Horizontal peak ground accelerations (PGA) were estimated for the three design
earthquakes using the attenuation equation of Crouse!® for the two postulated CSZ events and
the attenuation equation developed by Boore et al'! for the local event. These attenuation
relationships were selected because they are based on ground motion recordings at the ground
surface of stiff soil sites similar to the Miller Station site. Table G-3 summarizes the selected
magnitudes and distances of the three events, as discussed in Section 6.2, with the ground
surface PGA values computed from the attenuation relationships.

TABLE G-3
CALCULATED PGA VALUES

CSZ Interplate 8.5 15 45 0.24
CSZ Intraplate 7 30 6 0.16
Local 6 6 6 0.21
L __ _ o ————
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The expected surface ground motion levels from the three scenario events are less than
the UBC Zone Factor of 0.30 g. As shown on Figure G-7, the computed spectral accelerations
(5% damping) for the three scenario events are also lower than the response spectrum computed
using UBC methods. Consequently, we conclude that the UBC equivalent static force
procedures are appropriate for design of structures and equipment at Miller Station.

Modern buried pipes with welded joints have very low vulnerability to ground shaking
without permanent ground deformation. A detailed study of the Southern Caiifornia Gas
Company’s transmission and distribution system'? found that there are no reported cases of
damage to a steel pipeline with arc-welded joints (post World War II construction technigues)
due to ground shaking. It is our opinion that the planned pipeline and wells are not vulnerable
to seismic ground shaking.

1.2 SITE TION

Earthquake ground motions are modified as they propagate up from bedrock through the
overlying soil deposits. Ground motion levels can amplify, particularly in the spectral range
near the natural site period, due to conservation of energy between layers with different shear
module. Ground motion levels can also attenuate due to energy losses associated with non-linear
soil behavior. As discussed in Section 7.1, earthquake accelerations were computed for the
ground surface, with all site amplification effects included. Site response analyses were
performed to confirm that the soil profile at Miller Station is not subject to amplification levels
exceeding the levels included in the ground motion equations.

7.2.1 Input Data

The stratigraphic profile of the Miller Station site and the dynamic soil properties
necessary for site response analysis were collected from the drilled borings and from two shear
wave velocity profiles measured during performance of the cone penetration tests (CPT’s).
Figures G-8 shows the two measured shear wave velocity profiles and the interpreted profile
used in the analysis.

Input acceleration records were selected based on comparison of the recorded spectrum
and the computed ground motion spectrum. The following records were found to offer the best
fit for the site conditions:
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TABLE G4
SELECTED INPUT ACCELERATION RECORDS

Interplate 1968 Japan THO029 EW
Intraplate 1949 Western Washington | Highway Test Lab, Olympia S40E
Crustal 1966 Parkfield, California | Shandon Array, Station 8 N5OE

e — tegupiees]

The spectral shape of the natural recorded motions were modified to fit the target 5%
damped spectra within approximately 10 percent over the period range of interest for the Miller
Station structures. Two types of modifications were performed:

1. The acceleration data were scaled in the time domain by multiplying all values
comprising the records by a constant factor.

2. The Fourier components of the acceleration data were scaled at selected
frequencies to further improve the fit between the response and the design spectra
over the period band important to the structures at the Miller Station facility.

Figures G-9a through G-9¢ show the target spectra and modified spectra for the three
input motions. The modifications focused on relatively short-period motion between 0.1 and 0.2
seconds due to the dynamic characteristics of the planned structures. A side effect of improving
the fit within one period band is that the fit is considerably worse outside the periods of interest.
However, this side effect has minimal effect on the analysis results. Figures G-10a through G-
10c show the modified acceleration records.

7.2.2 Site Response Computation

Site response analyses were performed using the computer program SHAKE91"?. The
program compuies the response of a semi-infinite horizontally layered soil deposit overlying a
uniform half-space subjected to vertically propagating shear waves. The analysis is linear
because the computations are performed in the frequency domain. Nonlinear soil behavior is
accommodated using an iterative procedure to obtain values for modulus and damping which are
compatible with the equivalent uniform strain induced in each sublayer. The initial shear
modulus profile was computed from the shear wave velocity profile by SHAKE using elastic
relationships.
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7.2.3 Results

Figures G-11a through G-11c show the sitc response analysis results, with site
amplification indicated by the difference between the bedrock (input) and surface (output)
spectra. Figure G-12 shows the spectral amplification for the three scenario events compared
with the normalized spectrum used in the UBC design method. The natural site period is
indicated by higher amplification levels between 0.18 and 0.40 seconds. As shown, the site-
specific amplification spectra have a very conventional shape and are well represented by the
standard UBC normalized response spectrum. The results indicate that the site should
experience typical shaking during the design seismic events, and that conventional UBC methods
are appropriate for seismic design.

7.3 MASS MOVEMENT

Earthquake forces can cause slope failures and movement of sloping ground. Active
landslides are most susceptible to seismic slope failure, but very steep slopes and jointed rock
outcrops are also vulnerable.

The pipeline alignment does not pass through or below areas of known slope failures.
The slopes traversed by the alignment are generally flatter than 1%4H:1V, and are comprised of
stiff, cohesive soils and weathered sedimentary rock. There are no prominent ridges or steep
canyon sidewalls along the alignment or at the wellsites. In our judgement, the project area has
a low to very low risk of seismic mass movement.

1.4 DIFFERE SO MPACTION AND SETTIEMENT

Earthquake shaking can cause loose cohesionless soils to densify, resulting in surface
settlements. The Nehalem valley floor contains the only sandy soils in the site area, which are
no more than 20 feet thick in the two drilled borings. Miller Station and the wellsites are all
underlain by cohesive soils. The risk of seismic settlement is very low due to the thin deposit
of cohesionless soils.

7.5 EFACTION

Liquefaction is a term used to describe a sudden shear strength reduction in granular soils
caused by earthquake shaking. The horizontal shear stresses induced by earthquake shaking
cause the soil fabric to deform slightly, which results in a small volume decrease. Excess pore
pressure can develop if the deformation occurs faster than groundwater trapped in the spaces
between sand grains can drain, resulting in reduced effective stress between particles and
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reduced shear strength. Liquefied soils can flow under gravity and seismic forces until the
excess pore pressures drain and the shear strength increases to greater than the driving stress.

Loose sandy soils saturated by a shallow water table are the most prone to liquefaction.
Damaging permanent ground deformations are most likely to develop where susceptible soils are
located near a free face, such as a river bank or a bulkhead wall. Ciayey soils, which derive
the majority of strength through cohesion, are not susceptible to liquefaction.

Liquefaction is not a significant concern at Miller Station and along the upland portions
of the pipeline alignment due to the high plasticity of the near-surface soils. The sandy soils in
the low-lying portions of the Nehalem Valley could be liquefiable, and were evaluated as
discussed in the following paragraphs.

The liquefaction potential of the soils encountered in the borings on both sides of the
Nehalem River crossing was evaluated using the conventional cyclic stress ratio "triggering”
method developed by Seed and Idriss", with generally accepted modifications and refinements.
In this simplified method, the safety factor against liquefaction is computed as the ratio of the
cyclic shear strength (liquefaction resistance) divided by the cyclic shear stresses caused by the
design earthquake (driving stresses). The driving stress is computed using the peak ground
acceleration multiplied by the total vertical stress at the depth under consideration, which is then
multiplied by empirical factors to account for earthquake duration. The design earthquakes were
all assumed to generate a peak ground acceleration of 0.30g, based on the controlling UBC zone
factor rather than the PGA values computed in the ground motion analysis.

The capacity of the soil to resist liquefaction is computed from empirical relationships
between the Standard Pepetration Test (SPT) penetration resistance and observed liquefaction
occurrences. For this analysis, we used correlations appropriate for silty sand soils and the SPT
results from the two borings drilled at the river crossing.

The factor of safety against liquefaction was calculated throughout the depth of the upper
alluvial deposit. Figure G-13 shows the safety factor profile at the Nehalem River crossing for
a range of earthquake magnitudes. As shown, the upper silty sand soils within approximately
10 feet of the ground surface are susceptible to liquefaction during the design earthquake.

7.6 LATE PREAD
Potential lateral spread magnitudes were computed using the method developed by

Bartlett and Youd', using a liquefiable thickness of 10 feet and the range of earthquakes
summarized in Table G-3.
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Lateral spreading at the banks of the Nehalem River was found to be inconsequential
because the planned pipelines will be embedded in non-liquefiable mudstope deposits. The
embedment is due to the relatively long radius of curvature required by the stiff pipe sections
and the relatively short river crossing. A minimum drill length of 800 feet is planned in order
to achieve the required depth at the center of the river. In this view, lateral spreading at the
banks of the Nehalem River is not a significant threat to the planned pipeline.

The attuvial deposits comprising the valley floor away from the river are also considered
liquefiable. For this evaluation, we assumed that the soil profile at the river crossing was
consistent throughout the valley floor. This assumption is considered conservative because the
thickness of liquefiable deposits likely decreases with distance from the river. Based on this
assumed soil profile, we estimate that portions of the valley floor could move between O and 12
inches.

Steel pipe with welded joints has very high tolerance for lateral displacement. Statistical
evaluations of buried pipe performance during previous earthquakes indicate that welded steel
pipelines generally experience approximately 1 leak or break per 10,000 feet of pipe in liquefied
ground'®. This average value is based on analysis of liquefied thicknesses significantly greater
than the 10-foot zone identified in this study. Based on the limited liquefiable thickness, the
smail potential spread magnitude, and the high strength of the pipeline material, it is our opinion
that liquefaction of the alluvial soils surrounding the planned pipeline should not affect the
functionality of the pipe.

7.7 SURFACE FAULT RUPTURE

As discussed in Section 3.3, the Mist area is extensively faulted. However, not all faults
are capable of generating earthquakes, and generally only significant and highly active faults are
capable of generating displacements at the ground surface.

The faults in the Mist gas field are generally short, high-angle breaks which typically
show minor vertical displacement in 30 million year-old materials. The faults were probably
formed during a period of intense uplift which formed the Coast Range during Miocene time
(approximately 6 to 20 million years ago). The faults appear to have formed along the existing
weak planes of existing faults in Eocene-age Tillamook volcanics. Although uplift of the Coast
range continues through the present, it does not appear to be causing the same degree of faulting
caused during the Miocene.
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The presence of fault displacements through young (less than 1.6 million year-old)
Quaternary-age deposits is the best indicator of possible surface fault rupture within the design
life of the planned facility. Although there are no mapped faults which extend through
Quaternary materials, there is also very little young material in the Mist area. The youngest
materials in the site area are the weathered colluvial soils in the hillside areas and the alluvial
deposits in the Nehalem valley floor. The lack of surface faulting in these younger materials
indicates that recent displacements have not occurred, although the scarcity of Quaternary
material does not support a definitive conclusion.

Previous earthquake activity, even very small microseismic events, indicates an actively
deforming area which could experience a future larger event. The lack of small earthquakes in
the recent historical record indicates a low probability of a future earthquake large enough to
cause ground rupture.

Based on these several contributing factors, we conclude that the nisk of surface fault
rupture throughout the Miller Station, pipeline alignment, and wellsite areas is low.
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Figure G-7
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Figure G-9a
Interplate Ground Motions
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Figure G-9b
intraplate Ground Motions
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Figure G-9¢
Shallow Crustal Ground Motions
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Figure G-11b
intraplate Site Response
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Figure G-11c
Crustal Site Response
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Figure G-12
Site Amplification
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Figure G-13
Liquefaction Safety Factor
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Attn:  Mr. John R, McQuillan III, C.P.M.

Re:  Report
Geotechnical Investigation
Miller Station Expansion and
Calvin Creek Pipeline Alignment
Mist Underground Storage Project

Mist, Oregon

Dear Mr, McQuillan:

Transmitted herewith are five copies of our report entitled "Geotechnical Investigation, Miller Station

‘ Expansion and Calvin Creek Pipeline Alignment, Mist Underground Storage Project.” The scope of
' the investigation is outlined in our proposal dated October 31, 1996.

During the course of our investigation we have maintained contact with you and with the rest of the

Gas Storage team, and have provided preliminary recommendations as information has been

developed. Our recommendations, along with supporting information, are formally documented in
this report.

We appreciate the opportunity to be of service, and look forward to our continued involvement in
the project. Please call if you have any questions or need additional information.

Very truly yours.
DAMES & MOORE . :
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?@ék Schwarm, P.E. “ Vw32 ’? -

Semor Engineer
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Report
Geotechnical Investigation
Miller Station Expansion and Calvin Creek Pipeline Alignment
Mist Underground Storage Project
Mist, Oregon

1.0 INTRODUCTION

This report presents the results of a geotechnical investigation for the proposed expansion of
the Northwest Natural Gas underground gas storage facility near Mist, Oregon. The planned
construction includes 2 turbine compressors, approximately 2% miles of pipeline from the station to
new wellsites in the Calvin Creek storage pool area, and up to four wellsites with injection/withdrawal
wells. Figure 1 shows the general site location and pipeline alignment relative to the surrounding
topographic features.

Dames & Moore performed this investigation under Purchase Order No. 43642, dated
November 21, 1996. The scope of the investigation is described in our proposal dated October 31,
1996.

Information used in developing the recommendations presented herein includes preliminary
equipment layout and load data provided by KTL/Fish, the project engineer, and pipeline alignment
and wellsite location maps provided by Northwest Natural Gas (NNG).

2.0 PROJECT DESCRIPTION

Natural gas deposits were developed beginning in 1979 near Mist, Oregon, by drilling several
extraction wells and constructing a gas processing and compressing station, called Miller Station.
The processed gas is conveyed via pipeline to the NNG distribution system near Rock Creek. By
mid-1992, approximately 45-billion cubic feet (bef) had been extracted from 27 reservoirs near the
discovery site. Current production from the reservoirs is approximately 5 to 10 million cubic feet per
day.

In 1987, the two largest gas reservoirs, which were largely depleted, were converted to
temporary storage by drilling injection/withdrawal (I/'W) wells which allow imported natural gas to
be pumped into the pools. The Mist Underground Storage Project will increase the storage capacity
of the Mist facility by constructing additional high-capacity I/'W wells in other depleted natural gas
pools.
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The Mist Underground Storage Project will be accomplished in several phases, each making
an incremental increases in storage capacity through development of individual storage pools. The
Calvin Creek gas pool has been selected for the first phase of development. The scope of the
project’s first phase includes improvements to the Miller Station gas handling capacity, approximately
2Y4 miles of double pipeline connecting Miller Station with the Calvin Creek storage pool area, and
development of up to four wellsites hetween the Nehalem River and Calvin Creek. The following
paragraphs describe the planned Phase I construction.

2.1 MILLER STATION EXPANSION

Additions to Miller Station include a dehydration tower, two 4,000 HP turbine-driven
compressors, and associated pipes, valves, and meters. Figure 2 shows the general location of the
planned addrtions relative to the existing facilities. The dehydration tower and associated piping and
equipment will be supported on a concrete mat foundation near the existing dehydration tower. The
compressors will be housed in a new metal-frame building located hetween the existing compressor
huilding and the existing meter stations.

We understand that the planned glycol dehydration unit will have a dead weight of
approximately 95 kips and will be approximately 6.5 feet in diameter. The unit will probably be
supported on a mat foundation much wider than 6.5 feet to resist overturning loads. The planned
compressors have an expected dead weight of 80 kips each, and will be supported on skids measuring
approximately 8.5 feet by 36 feet. Dynamic loads are not known at this time, but are expected to be
small because of the turbine, rather than reciprocating, compressing mechanism.

2.2 CALVIN CREEK PIPELINE ALIGNMENT

Gas will he conveyed to the Calvin Creek storage pool via two 16-inch diameter pipelines
installed approximately 10 feet apart in a 40-foot wide easement. The pipeline alignment trends
generally north-south, and crosses the Nehalern Highway (State Route 202), the Nehalem River, and
a seasonal, unmamed creek south of the Nehalem River channel. Figure 1 shows the general pipeline
alignment.

The planed pipe will consist of relatively thick-walled steel pipe with welded joints. The pipe
will be surrounded by select granular bedding and shading matenals. Shaped bedding or special
support are not expected.
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23 WELLSITES

Between 1 and 4 level wellsites will be constructed which support up to three I'W wells each.
In addition, 3 or 4 water monitoring wells will be installed on smaller pads near the main well pads.
The I/W wellsite dimensions can be adjusted depending on specific conditions, but overall plan
dimensions of 230 feet by 100 feet are preferred. These dimensions are difficult to achieve without
significant cutting and filling due to the steep topography in the Calvin Creek area.

The wellsite pads have a design life of at least 50 years, and will support heavy drilling
equipment during well construction and periodic maintenance equipment thereafter. Each wellsite
will have a gravel access road capable of supporting production drilling equipment and moderate
service vehicle loads.

3.0 OBJECTIVE AND SCOPE OF WORK

The purpose of this ivestigation is to provide geotechnical data and design recommendations
for foundation support of the planned equipment at Miller Station and to provide geologic hazard and
design and construction recommendations for the planned pipeline and wellsites. The scope of the
Miller Station investigation is described in the Soil Investigation Specifications provided by KTI-Fish
dated October 23, 1996 and our proposal dated October 31, 1996. The principal purposes of the
pipeline alignment study are to confirm that the pipeline alignment is not affected by unstable soils
and to coliect geotechnical data at the river crossing and at other key points. Specifically, we have
performed the following scope of work:

3.1 MILLER STATION INVESTIGATION

. Drill 10 borings at the locations specified by KTI-Fish using truck-mounted auger
drilling equipment to depths of between 214 and 51% feet. A Dames & Moore
engineer located the borings, maintained continuous boring togs, and obtained
samples at representative intervals.

. Perform geotechnical laboratory tests on samples obtained from the borings. Tests
included natural moisture content and density, gradation, unconfined compressive
strength, compressibility, and shear strength.

’ Perform engineering analysis of the data obtained, and prepare recommendations for
earthwork and foundation construction.
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J Prepare this illustrated report documenting the investigation and providing our
conclusions and recommendations regarding the planned station expansion.

A detailed seismicity and site response analysis of the Miller Station site is currently in
progress. Additional subsurface investigation was performed at Miller Station, consisting of 2 cone
penetration tests (CPT’s) with shear wave velocity profiles. The subsurface information is available
at this time, and is included in Appendix A of this report. The results of this study will be summarized
in a separate report, which will be presented as Appendix G of the Energy Facilities Siting
Commission (EFSC) permit amendment application.

LZ_BIBELINEAIJQMEMALMAHQMMSIIQAIIQN

. Review available aerial photographs of the planned pipeline alignments to evaluate the
presence of landslides or other potentially unfavorable geologic conditions.

. Perform of a detailed geologic reconnaissance of the pipeline alignment. A geologic
map was prepared indicating areas of concern and suggesting potential routes which
avoid or minimize exposure to unstable conditions.

. Explore subsurface conditions near the Nehalem river crossing by means of two
drilled borings extending to a depths of 402 and 50% feet. A Dames & Moore
engineer located the borings, maintained continuous logs, and obtained samples at
appropriate intervals.

. Explore near-surface soil and groundwater conditions on the flat ground between the
Highway 202 and the north valley slope by means of 2 hand-auger borings. Borings
were excavated by a Dames & Moore technician, and extended to a maximum depth
of 4 feet.

. Perform limited laboratory testing to develop engineering parameters necessary for
design of the directional drill or microtunnel crossing. The laboratory program
included index tests, moisture content and density determinations, and unconfined
compresstve strength tests.

. Analyze the data obtained, and prepare recommendations for alignment modifications,
trench excavation, dewatering or high-water construction, excavation support, and
directional drilling or microtunneling of the river and road crossings.
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. Include final versions of the geologic hazard maps and our recommendations for

L construction of the planned pipeline in this report.
3.3 WELLSITE EVALUATION
. Review available aerial photographs of the planned wellsite locations to evaluate the

presence of landslides or other potentially unstable geologic conditions.

. Perform a detailed geologic reconnaissance of the wellsite locations to confirm the
geologic hazards indicated by the aerial photographs.

. Provide field engineering services for preliminary wellsite design.
. Include the geologic information on the geologic map in this report.
4.0 SUBSURFACE INVESTIGATION

The subsurface investigation of the Miller Station area was performed between December 2
and 5, 1996, and consisted of 10 borings drilled at the locations shown on the Site Plan, Figure 2.
The specific boring locations were selected by KTL/Fish, and were marked in the field by NNG’s
b surveying crew.

Two cone penetration tests (CPT’s) were performed at Miller Station on January 10, 1997,
to collect additional data for a detailed seismic vulnerability and site response evaluation. This
evaluation is currently in progress, and will be summarized in a separate report. The CPT data is
included in Appendix A.

The subsurface investigation of the Nehalem River crossing was performed on December 3
and 4, 1996, and consisted of one boring on each side of the iver. The approximate boring locations
are shown on Figure 1. The boring locations were selected by Dames & Moore with input from
NNG’s surveyor.

Appendix A provides a detailed discussion of drilling and sampling techniques used for this
investigation. Interpreted boring logs, including soil descriptions, laboratory test data, and in-situ test
results are also included in Appendix A.
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5.0 LABORATORY TESTING

The laboratory testing program was developed considering the soil properties needed for
engineering analysis and the character and quality of the samples obtained from the borings. The tests
included moisture content, density, index, gradation, strength, and compressibility tests. The test
results are summarized on the boring logs in Appendix A and in detailed form in Appendix B.

6.0 SITE CONDITIONS

This section summarizes the geologic onigins of the Mist area and describes significant
conditions which could affect the planned development. A more detailed geologic assessment will
be included in the forthcoming seismicity and site response report.

6.1 GE

The Mist storage project site is located in the northern portion of the Coast Range
physiographic province, an uplifted mountain range which extends from the continental shelf on the
west to the Willamette Valley on the east. The Coast Range province is bounded on the north and
south by the Columbia River and the middle fork of the Coquille River, respectively,

The basement rocks of the Coast Range originated between 65 and 50 million years ago as
a chain of islands formed by volcanic eruptions from the ocean floor. The island chain collided with
the westward-moving North American tectonic plate approximately 45 to 50 million years ago. The
undersea valley which was created between the west slope of the plate boundary and the east slope
of the volcanic mountains filled with sediments transported by west-flowing streams. The sediment
source changed as the stream channels matured and extended farther east, beginning with the Klamath
Mountains and ending at the Idaho bathysphere. The parent material for the fine-grained sedimentary
rocks underlying most of the pipeline alignment is volcanic ash from the newly-formed ancestral
Cascade volcanoes, which onginated approximately 40 to 43 million years ago. A series of volcanic
eruptions west of present-day Portiand contributed the basalt formation which underlies a relatively
thin layer of more recent sedimentary material in the Miller Station area.

The marine sedimentary and basalt flow deposits were then uplified into a low coastal
mountain range as the Juan de Fuca plate is overridden by the North American crustal plate. The
uplift continues at varying rates along the coast, with Astoria rising at a rate of approximately I inch
every 36 years. Uplift in the Mist area is likely much slower due to the distance from the coast.
Erosion and weathering have affected the near-surface materials throughout the site area. Landslides
have occurred where erosion creates steep slopes in the relatively weak claystone and mudstones.
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6.2 MILLER STATION
6.2.1 Surface

Miller Station is located approximately 2 miles north-northwest of the Highway 47/Highway
202 junction. Topographically, the station is Jocated on a poorly defined, north-south trending ridge
between Elevation 1040 and 1080 feet. The ridge sides siope down from the Miller Station area at
overall inclinations of approximately 10:1 (horizontal to vertical) on the west and 2:1 on the east.
Figure 1 shows the site location relative to existing topographic features.

The planned equipment areas were graded during initial site development, so topography at
the Miller Station site is relatively gentle. The planned equipment areas are currently covered with
crushed rock surfacing, with no vegetation or existing structures.

6.2.2 Subsurface

Subsurface conditions at Miller Station were explored by drilling 10 borings to depths of
between 20 an 51.5 feet below existing site grades. Figure 2 shows the boring locations. The borings
revealed a relatively thin layer of crushed rock overlying relatively stiff native soils. The following
sections provide additional detail regarding the subsurface conditions at the site.

6.2.2.1 Fill

Fill soils at the site generally consist of crushed bar run gravel with cobbles used as
a surface protection blanket. The thickness of this layer generally varied between 8 and 12
inches.

The planned turbine area was reportedly filled during initial site development.
Grading plans dated July 31, 1989 indicate that up to about 5 feet of fill could be present in
the vicinity of Borings B-6a and B-6b. However, the consistency and appearance of the
upper samples obtained from these borings suggest that either the fill is not present or that
if it is, it is similar to the native soils. Soft or unsuitable fill soils were not encountered in any
of the bonngs.

6.2.2.2 Native Sedimentary Deposits
The thin layer of gravelly fill is underlain by a highly variable sequence of silts and

clays extending to the maximum depth explored. In general, the upper 10 feet of this unit
consists of stiff to very stiff, low-plasticity, silty sands, silts, and clays. The upper soils have
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moisture contents of between 40 and 55 percent and dry densities between 60 and 85 Ibs/ft>,
The native silty soils are moderately compressible, and are slightly overconsolidated. These
soils should provide adequate foundation support for moderately-loaded shallow foundations,
but are extremely sensitive to disturbance.

Highly plastic clay soils were encountered at a depth of about 13 to 20 feet beneath
present site grades. The plastic soils are generally medium stiff to stiff and moderately
compressible, with an overconsolidation ratio of about 3. These soils will contribute to
settlement of iarge foundations, but should not affect small building foundations.

6.2.2.3 Basalt

Geologic maps of the site area indicate that Miller Station is underlain by basalt
bedrock at depth. Basalt was not encountered in any of the bonings, which penetrated to a
maximum depth of 51.5 feet. One of the cone penetration tests encountered abrupt refusal
at a depth of 65 feet. Although not directly observed or sampied, this could be the contact
between the overlying soils and the basalt. Regardless, the basalt is too deep to affect any of
the planned construction.

6.2.3 Groundwater

A regional groundwater table was not encountered in the borings dnlled at Miiler Station.
Perched water was encountered between 8 and 12 feet beneath present grades, generally in silt layers
which overlie very low-permeability clay deposits. Significant groundwater should not affect the
planned construction. However, the Mist area experiences significant rainfall throughout the year,
and perched water could be encountered in any of the higher-permeability silt deposits. We expect
that perched water will probably be encountered in some of the foundation and trench excavations,
particularly those deeper than about 8 feet.

63 PIPELINE ALIGNMENT AND WELL SITE LOCATIONS

The following sections describe important site conditions which may affect the pipeline
alignment between Miller Station and the planned Calvin Creek wellsites. For the purposes of this
section of the report, transmission lines and gathering lines are considered essentially the same. The
wellsite locations are included in this section because topographic and geologic conditions are
essentially the same as in the southern portion of the pipeline alignment.
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6.3.1 Surface

The planned pipeline alignment extends approximately 2% miles south from Miller Station
across the floor of the Nehalem valley and back up the south valley side. Topographically, the
pipeline origin is near Elevation 1060 feet (MSL), the valley floor is near Elevation 525 feet, and the
wellsite elevations range from Elevation 600 to 820 feet. The maximum slope inclination (excluding
low slopes) is approximately 19 percent between the Miller Station Access Road and the floor of the
Nehalem River valley. Table 6-1 summarizes the overall slope conditions along the pipeline
alignment.

TABLE 6-1
PIPELINE SLOPE CONDITIONS

Roadway 6,000 1,040 680 8
North Valley Slope 1,000 680 530 19
Nehalem River Valley 3,000 530 600 6
South Valley Slope 2,700 600 740 12
Gathening Line 7,200 740 600 3

Surface vegetation above Elevation 550, above the flat valley floor, consists primarily of
second-growth forests with dense undergrowth. The trees are commercially valuable, and tree
removal will significantly increase the cost of pipeline construction. The underbrush is dense enough
to hamper pipeline construction. Vegetation in the valley segment of the alignment consists primarily
of pasture with sparse brush, and should not affect the planned construction.

6.3.2 Subsurface

The planned pipeline will be constructed in a trench approximately 6 feet deep throughout
most of the alignment. Deeper excavations may be required in response to abrupt slope changes and
at the Highway 202 crossing. Cuts and fills required to level the wellsites should be less than about
15 feet each. In general, only near-surface conditions will affect the planned pipeline and wellsites.
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Subsurface conditions along the pipeline alignment and at the wellsites were evaluated by
reviewing geologic maps and by surficial mapping an observation of rock outcroppings and
exposures. Figure 3 summarizes the information developed from the geologic maps. Subsurface
conditions at the Nehalem River crossing were explored hy drilling 2 borings to depths of 40%2 and
50'; feet. Borings were not drilled in the hilly portions of the alignment,

6.3.2.1 Aluvium

The Nehalem River valley floodplain is occupied by a thin layer of young alluvium
comprised of silty sand over gravels. The alluvium was explored in only 2 locations, and
could vary widely throughout the study area. At the river crossing locations the upper silty
sand 1s loose to very loose and has moisture contents between 32 and 50 percent. The gravel
is also loose, with rounded particles and lenses of silt. The alluvial soils will probably not
stand vertical in trench excavations, requiring shoring or relatively flat side slope inclinations.

6.3.2.2 Colluvium/Weathered Soils

The hillside areas on both sides of the Nehalem River valley are mantled by silty and
clayey native soils derived from weathering of the underlying sedimentary rocks. Some of
these materials are exposed in shallow road cuts in the Calvin Creek area and along the Miller
Station access road. We do not expect that hard rock or oversized matenals (boulders) will
be encountered during trenching of the surface soils. Although not specifically explored for
this investigation, we expect that natural soils will be very wet. Firm natural soils should
stand vertical in shallow excavations, although specific trench slope stability should be
evaluated dunng construction. The native soils are not suitahle for use as pipe bedding or
shading soils.

6.3.2.3 Keasey Formation

The alluvium and weathered soil deposits are underlain by the Keasey Formation, a
relatively thick unit compnsed of gray claystone and mudstone denived from volcanic ash
transported from the ancestral Cascade Volcanoes. The Keasey Formation matenals can be
considered either a soft rock or a very hard soil. The deposit is generally massive, with no
open joints and few thin shear planes. The moisture content of this material is generally
between 22 and 25 percent, with a dry density of approximately 110 lbs/fi>. The Plasticity
Index of a sample from 30 feet deep was found to be 108 percent, classifying that portion of
the deposit as a highly plastic clay.
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6.3.3 Groundwater

Groundwater along the pipeline alignment will probably consist of isolated seeps and springs
in the sloping segments and near-surface groundwater in the alluvium perched on top of the Keasey
claystone. Groundwater seeps should be generally seasonal in nature, so dry-season construction will
require less effort to maintain dry and stable trenches. Perched seeps and springs encountered by the
trench excavations can probably be controlled with conventional sump-and-pump methods.

Groundwater at the wellsites will probably be encountered as scattered seeps which emanate
from cut slope faces. If not controlled diligently, groundwater of this type can seriously degrade the
slope integrity and soften the wellsite pad. Cut slope seeps can probably be controlled by providing
a swale at the toe of the cut slope which diverts the water around the pad. Slope face erosion can
usually be controlied by excavating a shallow (4-inch deep) drainage channel and filling it with
crushed rock.

Groundwater in the valley floor will probably be slightly higher than the Nehalem River level.
Groundwater was observed standing at grade in the lower portions of the planned alignment at the
time of our field reconnaissance. For planning purposes, we recommend that the groundwater level
be considered equal to the ground surface until additional data is available regarding seasonal
vaniation. Seasonal changes in rainfall and river level may result in significant changes in groundwater

level, possibly as much as 6 or 8 feet, which could make trenching across the valley floor much less
difficult.

6.3.4 Geologic Hazards

The weak and plastic claystones of the Keasey Formation and the other sedimentary deposits
are highly susceptible to landslides. Figure 3a shows the landslides which were identified through
review of stereoscopic aerial photographs and confirmed through field reconnaissance. Figure 3b
shows a more detailed view of the cluster of landslides which are close to the planned pipeline
alignment,

The most significant group of landslides are located in the south valley side where the
meandering Nehalem River flows very close to the toe of the slope. The landslides probably formed
as erosion at the toe of the slope caused localized over steepening, exceeding the strength of the weak
sedimentary deposits. The other landslides shown on Figure 3a ali appear to have streams or creeks
near the toe. Due to continuing erosion at the toe, all of the landslides should be considered active
and capable of significant displacement during the design life of the planned pipeline.
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There are no active faults reported crossing the planned pipeline alignment or underlying the
planned wellsites. Consequently, the potential for fault displacement affecting the planned pipeline
is nil.

7.0 MILLER STATION RECOMMENDATIONS

The following sections provide our preliminary recommendations for earthwork at the Miller
Station site and design and construction of the planned equipment foundations. Specific information
regarding equipment foundation types and loads was provided by KTL/Fish in a memorandum dated
January 14, 1997. Dames & Moore should review the earthwork and foundation drawings pror to
construction to confirm that the recommendations provided herein are adequate for the final planned
construction.

7.1 EARTHWORK

We understand that earthwork at Miller Station will be limited to the minimum amount
necessary to provide adequate foundation support at the planned foundation grades. Significant cuts
and fills are not expected. The following paragraphs provide recommendations for treatment of
surface soils and existing fills, excavation, and fill placement and compaction.

7.1.1 Clearing and Grubbing

Prior to grading, the site should he cleared of surface obstructions and stnpped of debrs,
brush, vegetation, stumps, and trees. Most of the planned equipment locations are currently covered
with 4 to 12 inches of compacted crushed rock, which may be stripped and stockpile for later re-use.
Materials generated from other clearing operations should be removed from the site and disposed of
in an approved landfill.

7.1.2 Excavation

Excavation can be accomplished with conventional heavy earthmoving equipment in proper
working condition. Hard rock or oversize material were not encountered in any of the bonngs.

Due to the high moisture content and sensitive nature of the near-surface soils, we suggest
that excavations be accomplished with smooth bucket tracked excavators. Excavation with dozers
and/or scrapers may cause significant subgrade disturhance and very muddy site conditions.
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7.1.3  Fill Placement and Compaction

We recommend that all structural fill be placed in uniform, horizontal lifts and compacted to
at least 95 percent of maximum density as established in accordance with ASTM Test Method D1557
(modified Proctor). All fill materials should be compacted at a moisture content near optimum. The
optimum lift thickness will vary depending on the compaction equipment used, but should generally
not exceed about 8 inches in loose thickness. Thicker lifts may be acceptable for clean granular soils
and heavy, vibratory compaction equipment.

In unimproved areas, trench backfill above pipe shading may consist of non-structural fill
placed with nominal compaction. Trench backfill beneath buildings, equipment foundations, and
pavements should be compacted to at least 92 percent of maximum density as established in
accordance with ASTM Test Method D1557.

Placement and compaction of all fill materials should be monitored and tested by a qualified
soil technician under supervision of a geotechnical engineer. We recommend that all fill placement
be tested in accordance with ASTM D2966 (Nuclear Density Method) to verify the density, degree
of compaction, and moisture content of the fill. Furthermore, it is suggested that the specifications
for this project call for frequent testing on each lift. In the event where any portion of the fill fails to
meet the compaction requirements, the area should be reworked, recompacted, and retested until the
specified compaction is achieved.

7.1.4  Fill Suitability

The native soils are not suitable for use as structural fill except under very favorable
conditions, and then only with significant drying efforts. Based on the moisture content test results,
the in-situ moisture of the native soils is at least 10 to 15 percent above optimum. Drying the
excavated materials back to a moisture content near optimum will require a large area for spreading
and plowing, as well as prolonged periods of dry weather. Due to this difficulty, we recommend that
all structural fill consist of imported granular soils.

Imported structural fill should consist of sand or crushed rock free of trash, roots, debns,
vegetation, or other deleterious materials. Fill to be placed during periods of wet weather should
contain less than 5 percent passing the No. 200 sieve. Base rock materials should consist of angular,
durable matenal with a maximum particle size of 1% inches and no more than 10 percent by weight
finer than the No. 200 sieve. Matenal proposed as crushed rock should be tested and approved by
a qualified geotechnical engineer prior to importation to the site.
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7.1.5 Slope Inclinations

We recommend that ali permanent cut and filt slopes be laid back at an inclination no steeper
than 2:1 (honzontal to vertical). Steeper excavation inclinations may be possible in competent soils
with erosion-resistant vegetation or significant surface water handling provisions. Additional
recommendations for slopes steeper than 2:1 can he provided when the site grading plans are
confirmed.

We understand that temporary excavations approximately 2 to 4 feet deep are required for
foundation construction and up to 6 or 8 feet for pipe installation. Excavations of this depth which
penetrate competent native soils should stand vertical. We recommend that excavations deeper than
5 feet be laid back at an inchnation no steeper than 1:1 unless the excavation stability is evaluated
specifically by a Dames & Moore engineer. All excavations should comply with Occupational Safety
and Health Administration (OSHA) standards. The contractor should be responsible for maintaining
stable excavation slopes at all times,

Groundwater is not expected to affect the foundation excavations. Surface water which flows
into foundation excavations should be collected in sumps and removed. Standing surface water will
adversely affect the stability of adjacent slopes as well as the stiffness of the excavation subgrades.

7.1.6 Subgrade Preparation

We recommend that subgrades which will receive structural fill be excavated to neat grades
and proof rolled with a loaded dump or water truck prior to placing the first lift of fill. Proof rolling
should be monitored by a Dames & Moore engineer.

Soft areas identified by proof rolling should be excavated to firm subgrade conditions and
filled back to grade in accordance with Section 7.1.3. Deep soft pockets are possible in the
weathered soil and rock strata present at the Miller Station site. We suggest that overexcavation and
replacement be limited to a maximum depth of 24 inches. A layer of woven geotextile (Mirafi 500X
or similar) should be placed on the excavated surface before backfilling. Very deep soft conditions
should be evaluated on a case-by-case basis by a Dames & Moore engineer,

Proof roliing may not be possible during wet weather conditions. Alternative subgrade
evaluation procedures will be necessary depending of the specific soil and water conditions present
at the time of construction.
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7.1.7 Subgrade Protection

Subgrade protection measures will be required for all surfaces supporting construction traffic,
including storage and laydown areas. We suggest that subgrade protection consist of compacted
crushed rock or bar run gravel placed in layers and compacted. For planming purposes, we
recommend the following protection sections: '

TABLE 7-1
SUBGRADE PROTECTION THICKNESS

Frequent Heavy Trucks 12 18

Infrequent Trucks or 6 10
Frequent Light Vehicles
Infrequent Light Vehicles 4 6

The bar run sections are thicker because round rock does not provide the same level of
protection as angular crushed rock. We recommend that heavily-traveled roadways be underlain by
a woven geotextile fabric (Mirafi 500X or similar).

Crushed rock should consist of sound, durable material with at least 2 fresh faces on each
particle larger than Y-~inch. Crushed rock should have a maximum particle size of 2 inches and should
be relatively well graded down to a minimum size of a No. 40 sieve. Crushed rock used for subgrade
protection should have less than 5 percent by weight passing the No. 200 sieve,

We understand that mat foundation areas will be excavated to a depth of approximately 2 to
4 feet. The excavation subgrade will likely consist of native silts or clays, which will provide a
marginal travel surface for equipment and foot traffic. A concrete mud mat or rock protection layer
should be provided for mat foundation subgrades if they will be exposed to prolonged foot or
equipment traffic.

Trafficability will depend highly on the composition of the subgrade materials and the weather
during construction. We recommend that specific subgrade protection measures be selected during
construction in response to the subgrade materials exposed, the moisture conditions, and the
frequency and intensity of traffic loading. We recommend that an experienced Dames & Moore
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engineer assist with selecting and constructing subgrade protection measures for the first part of the
construction period.

7.1.8 Dewatering

Dewatering of excavations is currently not anticipated, except in localized areas if the
excavation encounters perched groundwater. Localized dewatering can be accomplished by pumping
from sumps approximately 1-foot deeper than excavation grades. Sump locations should be
determined during construction.

7.1.9 Fill-induced Settlement

The weight of new fill placed above existing site grades will induce settlement of the upper
compressible clays. Fill loads will likely induce more settlement than foundation loads, but should
also be relatively broad and may not significantly affect isolated equipment or facilities. It is
important to consider fill-induced settlement as differential settlements between areas which receive
differential fill heights or for equipment such as pipe racks which extend beyond the fill boundaries.

Our analysis of fill-induced settlement is based on an assumed fill density (total unit weight)
of 125 pounds per cubic foot. Figure 4 shows the estimated total settlement caused by fill placement.
The increase in slope at 4 feet (500 Ib/ft”) is caused by the transition from overconsolidated to
normally consolidated behavior.

The rate of settlemnent will be controlled by the rate at which water can escape from the pore
spaces of the compressing clay deposits. The results of the consolidation tests indicates that this
settlement rate wilt vary significantly with changes in vertical stress and with changes in material type.
Based on our understanding of possible fill heights, it appears that the new vertical stress will remain
within the overconsolidated range. Consequently, we expect that most of the settlement will occur
during construction and within 1 to 3 months thereafter.

7.1.10 Pavement

At present, we do not expect that new asphaitic concrete pavements will be constructed.
Gravel travel surfaces should be constructed as discussed in Section 7.1.7 above. However, if paved
roadways are necessary, we recommend that the pavement section consist of at least 3 inches of
asphaltic cement concrete over at least 8 to 12 inches of compacted aggregate base. Table 7-2
summarizes the recommended gradation for aggregate base. The actual pavement section thicknesses
should be determined when the traffic loads are known.
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TABLE 7-2
RECOMMENDED AGGREGATE BASE GRADATION

3 90 - 100
1" 40 - 100
No. 4 ' 25-40
No. 8 18 - 33
No. 30 5-15
No. 50 0-7
No. 200 0-3

We recommend that the planned equipment and structures be supported by conventional
shallow foundations bearing in undisturbed native soils or in compacted structural fill. We
recommend a minimum penetration depth of 24 inches to reduce the potential for frost-related
foundation movement. Design of shallow foundations should consider both bearing capacity and
settiement effects, as discussed in the following sections.

7.2.1 Bearing Capacity

We recommend that foundations be proportioned using a net allowabie bearing capacity of
2,500 1b/ft2. This value is appropriate for use when considering dead plus frequently applied live
loads, and may be increased by one-third when considering transient loads such as wind and seismic
forces. Foundation more than 2 to 3 feet wide will probably experience excessive settlement under
the recommended design bearing pressure. The design bearing pressure should be reduced to achieve
acceptable settlement magnitudes, as discussed in Section 7.2.3

The net foundation bearing pressure is calculated by subtracting the weight of excavated soil
from the foundation bearing pressure. We recommend that a unit weight of 125 1b/ft> be used to
calculate the pressure reduction due to foundation excavation.
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We recommend that any foundation larger than 18 feet in least plan dimension and/or with
a net (compensated) bearing pressure less than 1500 Ib/ft*> be designed as a mat using the
recommendations in Section 7.2.3.

All shallow foundations should bear on a prepared surface consisting of undisturbed native
soils or compact crushed rock. Loose materials and soils disturbed by foundation excavation should
be removed or compacted in place prior to placing reinforcing steel and concrete. A 3-inch thick
layer of crushed rock is typically adequate to protect the subgrade soils from disturbance by foot
traffic while placing reinforcing steel.

We do not expect that foundation excavations will encounter significant amounts of
groundwater, except possibly during extended periods of wet weather. Any water in the excavations
must be removed prior to placing concrete.

We recommend that an expenenced geotechnical engineer observe all foundation excavations
prior to placing reinforcing steel. The purpose of geotechnical monitoring is to confirm that adequate
bearing surfaces are achieved and that foundation conditions are as anticipated in the
recommendations presented in this report.

7.2.2 Lateral Resistance

We recommend that shallow foundations be designed to resist lateral loads using a friction
coefficient of 0.35 and a passive earth pressure of 300 pounds per square foot per foot of depth.
These values do not include a safety factor; we recommend a safety factor of 3 for dead loads plus
frequently applied live loads and a safety factor of 2 when considering transitory loads such as wind
and setsmic forces. The friction and passive earth pressure components can be combined provided
that passive earth pressures do not exceed two-thirds of the total lateral resistance. Tbe top 1-foot
of soil should be neglected when calculating passive lateral earth pressures unless the foundation area
is covered with pavement or is inside a building.

7.2.3  Foundation Settiement

Settlement considerations, rather than beaning capacity, generally control foundation selection
and shallow foundation design. The upper clays are overconsolidated, so minor stress increases will
result in small settiement while high foundation pressures will cause disproportionately larger
settlements. The effect of shallow foundation loads can be minimized by reducing the bearing

pressures.
Northwest Naturaj Gas January 24, 1997
Geotechnical Investigation - Mist Gas Storage Project DAMES & MOORE

Mist, Oregon 18 WPO16\02114\01



Shallow foundations designed in accordance with the recommendations presented in Section
7.2.1 above are expected to settle depending on the applied net load, the applied net bearing pressure,
and the depth of embedment. Figure 5 shows the magnitude of anticipated long-term foundation
settlement for square foundations with an embedment depth of 24 inches. Stnp footings are expected
to settle approxirnately 10 to 15 percent more than the value shown on Figure 5 for a square of the
same width. Compute the foundation load for this analysis as the line load multiplied by the strip
footing width. Settlement due to placement of fill soils (Section 7.1.6) must also be considered when
evaluating total settlement of shallow foundations.

The rate of settlement of shallow foundations will- vary depending on the on the effective
stress increase within the clay soils, Based on the relatively light foundation loads and the small
expected settiement magnitudes, we expect that most settlement will occur during construction.

7.2.4 Differential Settlement

Differential settlement between shallow foundations are generally caused by two separate
factors:

1. Variations in soil profile, including layer thickness and compressibility characteristics.
2. Variations in applied load, bearing pressure, foundation dimension, and foundation
stiffness.

Although the soil profile at the Miller Station site is relatively uniform, differential settlement
should still be anticipated. Based on our experience, variations in s0il profile can cause a differential
settlement equal to 25 percent of the total anticipated settlement over a distance of 100 feet for
identical loading conditions, Differential settiement should be calculated based on this criteria and
the expected total settlements shown on Figure 5.

For the second cause of differential settlement, it is important to consider both bearing
pressure and foundation size when calculating differential settlement between nearby foundations.
Large foundations will experience greater settlement than small for identical bearing pressures.

Flexible foundation systems such as large mats and tank foundations without internal stiffeners
create their own differential bearing conditions due to the compliance of the soil/foundation system.
For mats farger than 10 feet in least plan dimension without stiffening beams, we estimate that
settlement at the edge of the loaded area should be about one-half that near the center of the loaded
area.
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1.3

Table 7-3 provides the recommended earth pressure coefficients and other soil properties for
use in designing sumps, open trenches, retaining walls, and other buried facilities. These values are
appropriate for existing native soils and most sand and clayey sand backfill soils, assumning backfil}
compaction as recommended in Section 7.1.3. The values presented in Table 7-3 do not include safety
factors. We recommend that the resisting elements of retaining systems be designed using the safety
factors shown in Table 7-4.

‘TABLE 7-3 :
RECOMMENDED LATERAL EARTH PRESSURE COEFFICIENTS

Active Earth Pressure Coefficient K, 0.4
Passive Earth Pressure Coefficient K, 25
At-Rest Earth Pressure Coefficient K, 0.5
Internal Friction Angle 25°
Total Unit Weight 115 Ib/f?
Effective Unit Weight 53 Ib/At’
Concrete/Soil Friction Coefficient 035
TABLE 7-4

RECOMMENDED RETAINING SYSTEM SAFETY FACTORS

Sliding 1.5

Overturning 20

Bearing Failure at Toe 3.0

{Dead plus Operating Loads) '

Bearing Failure at Toe 20

(Including Transient Loads) ] '
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74 MAT FOUNDATIONS
7.4.1 Short-Term Loading

The appropriate modulus for use in design of shallow mat foundations depends on the mat
dimensions, the duration and magnitude of the load, and the stiffness of the mat relative to the
supporting soill. We recommend that mats supporting short-duration loads be designed using the
subgrade reaction modulus relationship shown on Figure 6.

7.4.2 Long-Term Loading -

For long-term loading we recommend that mat foundation design include appropnate
settlement magnitudes as shown on Figure 5. The long-term modulus of subgrade reaction can be
estimated by dividing the net bearing pressure on the mat by the expected long-term settlement.
Construction modification near the mat foundation area, including excavation or fill placement, will
induce settlements which will change the subgrade reaction modulus value for the mat. A Dames &
Moore engineer should confirm the modulus value used in areas which may be susceptible to
settlement from nearby fill placement.

25 SEISMIC DESIGN PARAMETERS

We understand that lateral sexsmic design of the facility will be performed using conventional
Uniform Building Code (UBC) equivalent static load methods. The EFSC permit governing this
project requires that the facility be designed to avoid seismic hazards affecting the site, including
ground shaking and amplification. Consequently, a site-specific seismicity and dynamic response
evaluation is necessary to confirm that the simple UBC design method is appropriate. This study is
currently in progress.

Based on the site location and the soil conditions revealed in the borings and CPT’s, we do
not expect any unusual seismic behavior. For planning purposes, we recommend that lateral
earthquake loads be computed using standard UBC methods with a Zone Factor of 0.3 and a Site
Coefficient of 1.2. Final seismic design recommendations will be provided in our forthcoming site
response evaluation report.

2.6 DYNAMIC LOADING CONSIDERATIONS

We understand that soil-structure interaction analyses will be performed by KTI/Fish to
confirm that vibration of dynamically-loaded foundations do not exceed tolerable imits. Based on
our understanding of the planned construction, the compressors are the only equipment with dynamic
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loads. The specific loads and structural configuration of the compressor is not known at this time,
but will likely be supported by a concrete mat supported at grade. The thickness of the mat will
depend on the loading and settlement tolerance of the compressor. Additional recommendations for
design of the compressor foundation against resonance and rocking can be provided when the
equipment loads are determined.

8.0 PIPELINE ALIGNMENT RECOMMENDATIONS
8.1 GEOLOGIC HAZARDS

The principal geologic hazards affecting the planned pipeline alignment are landslides and
surficial slope failures. High groundwater and loose surficial soils will be encountered in the fow-
lying portions of the alignment, and can be controlled using conventional soft-ground trenching
methods. Faults and other geologic hazards, aside from landslides, do not pose a significant threat
to the planned pipeline alignment.

Figures 3a and 3b show the results of our geologic hazard evaluation. As shown, hillsides
throughout the Mist area are affected by landslides and surficial slope failures. Stereoscopic aenal
photographs of the site area indicate the presence of several ancient landslides on both sides of the
Nehalem Valley. The geologic reconnaissance confirmed the presence of the major landslide features
and revealed clusters of shallow slope failures. Hummocky terrain and the presence of seeps and
springs were the primary indicators of shallow instability.

Based on the results of the geologic reconnaissance, Dames & Moore engineers met with
NNG to suggest modifying the initial pipeline alignment to avoid the unstable ground on the south
side of the Nehalem Valley. Figures 3a and 3b show the revised alignment.

8.2 TRENCHING

The following sections provide recommendations for excavation, groundwater control, and
backfilling of the planned pipeline. Directional drilling for the niver crossing is discussed in Section
8.3.

8.2.1 Excavation

None of the borings drilled for this study encountered hard rock or significant oversize
materials within the depth of the planned trench excavations. Consequently, we expect that pipeline
trenches can be excavated with conventional heavy earthmoving equipment in proper working
condition.
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Steep slopes in portions of the alignment may slow the excavation, but we expect that track-
mounted excavators should be able to work on the slopes.

8.2.2 (roundwater

Two hand-auger borings drilled between the Highway 202 and the north side of the valley
encountered soft clayey alluvium and groundwater at a depth of 3 to 3% feet. The hand augers were
drilled on the highest ground along this portion of the alignment because the lower ground was
flooded.

We expect that very soft ground and high groundwater will be encountered along the entire
length of the valley floor crossing. Excavations up to 6 feet deep will probably require side slope
inclinations as flat as 1:1. We expect that the pipes will have to be flooded to overcome buoyancy
in the flooded trenches.

Groundwater conditions in the valley floor can vary widely between wet and dry seasons. We
suggest that the groundwater conditions be checked immediately prior to construction. It is possible
that the low-lying trench segments may be dry if the excavation is made near the end of the dry
season.

8.2.3 Subgrade Stabilization

The soft alluvial soils in the valley bottom will probably provide very poor support for the
planned pipe. Although the loads on the planned pipes will be relatively iow and the welded steel pipe
is only moderately sensitive to settlement, we recommend that very soft subgrades be stabilized prior
to placing bedding and pipe. Subgrade stabilization is generally warranted when workers are not able
to walk on the subgrade while spreading bedding sand.

We recommend that soft subgrade stabilization consist of 3-inch or 2-inch ballast rock placed
in a single lift at least 8 inches thick. The stabilization rock should be placed immediately after
excavating the trench. Stabilization rock should not be compacted, and the bedding sand should be
compacted in a single lift to reduce the amount of vibration in the soft native soils.

There are several other methods of subgrade stabilization, each appropriate for different
subgrade materials, groundwater conditions, and excavation widths. A Dames & Moore engineer
should monitor subgrade stabilization efforts and should provide additional recommendations where
increased efficiency could be achieved.
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8.2.4 Backfill

We recommend that the pipes be constructed using standard NNG bedding and shading
details. None of the materials encountered in the borings are suitable for use as bedding or shading.
We expect that imported sand will be required for all bedding and shading.

Almost all of the soils which will be encountered in the trench excavations will be clayey and
significantly above optimum moisture content. We expect that native soils will be suitable for general
backfill in non-structural areas, but that imported granular fill will be required for trenches which
cross under roads or yard areas. Additional backfill recommendations for the road crossing are
provided in Section 8.4.

8.2.5 Bedding Drainage

The granular bedding and shading materials will convey water more easily than the low-
permeability native soils. Significant hydraulic head can develop at the toe of sloping sections of the
pipe, where water can be impounded in the bedding soils. We recommend that drainage be provided
at the toe of all sloping sections longer than about 100 feet and steeper than about 5 percent.

Conventional sandbags and crushed rock used by NNG in similar situations should be
adequate for most of the sloping sections. However, the south side of the Nehalem River Valley is
very wet and is affected by springs and seeps. If the sandbag drainage is not adequate, we
recommend that a perforated drainage pipe surrounded by filter fabric be installed in the bedding.
Generally, a length of 25 feet is adequate. The end of the perforated drainage pipe should be
connected to a non-perforated outlet pipe which drains into a suitable area.

83 RIVER CROSSING

Directional drilling is proposed for the Nehalem River crossing. We recommend that the
specific drilling procedures be selected by the dnlling contractor based on the subsurface information
included in Appendices A and B of this report.

Based on our experience with directional drilling at river crossings, the planned Nehalem
River crossing should be possible provided the soft upper soils and the intermediate silty gravels can
be addressed. We expect that the following conditions will affect the planned directional dnll:

1. The upper 8 to 9 feet of soil at both river banks is comprised of loose silty sand with
a high water table. We expect that this material will not be self-supporting and that
casing will be required.
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2. Loose, silty gravel was encountered beneath the sandy alluvium extending 15 to 22
feet below present grades. This material is saturated and the particles are rounded,
so this deposit will not stand in an uncased boring. Lenses of this deposit are open-
graded, so drilling fluid will probably not be effective.

3. Soft, massive claystone was encountered beneath the gravel deposits to the maximum
depth explored. As shown on the boring logs, both core runs of this material had
Rock Quality Designations (RQD) of 100. The unconfined compressive strength of
this material ranges between 14 and 19.5 kips/ft2. Atterberg limits and gradation
analysis test results for this material are provided in Appendix B.

8.4 HIGHWAY 202 CROSSING

The planned pipeline alignment will cross under Highway 202 approximately half way between
the north valley slope and the Nehalem River crossing. The roadway is elevated above the low-lying
valley floor by an embankment approximately 3 to 4 feet high. The following sections provide
recommendations for installing the pipe beneath the roadway.

8.4.1 Cut-and-Cover Trench

We expect that the preferred method of crossing will be a conventional cut-and-cover trench.
The trench will be at least 10 feet deep, so shoring will be required to support the road. In addition,
utilities in the roadway will require protection and support. Groundwater may be present in the
excavation beneath the embankment soils, which will further reduce the excavation stability.

Due to the potentially unstable nature of the native alluvial soils at the bottom of the trench,
we recommend that shoring have hydraulic jacks or screw braces to allow the shoring to apply an
active force against the trench sidewalls. Passive shoring, such as a trench box, may allow too much
displacement before being engaged on the soil. Excessive displacement will damage the pavement
and any buried utilities.

Select granular materials should be used to backfill the trench beneath the roadway. The
excavated native soils will not be suitable for use as backfill. We have no specific information
regarding the existing embankment soils, so for planning purposes we recommend that these soils be
considered unsuitable. The embankment soils may be stockpiled for re-use if they are found to be
select granular matenals.

Compaction of the backfill soils between the top of the pipe shading and the bottom of the
replacement pavement section is essential to reducing the potential for settlement. We recommend
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that all backfill in the roadway be compacted to at least 95 percent relative compaction as evaluated
by ASTM Test Method D1557 (modified Proctor).

We recommend that the replacement pavement section match the existing section in thickness
and materials. We recommend that the replacement asphalt consist of standard Class B hot-mix
asphaltic concrete placed in uniform lifts and compacted to at least 92 percent of the theoretical
maximum (Rice) density. Cold-patch asphalt is probably acceptable for temporary applications, but
is not recommended for the final pavement restoration.

8.4.2 Pipe Jacking/Horizontal Drilling

It may be necessary to jack the pipe under the road, rather than dig a trench through the
pavement and supporting embankment. Specific subsurface information was not collected at the
Highway 202 road crossing, so we have little real data. However, for planning purposes, we
recommend that the following issues be considered if jacking or drilling is selected.

1. The native soils immediately beneath the roadway embankment are assumed to be
very similar to the native soils in the pastures on either side of the road. High
groundwater and loose soil will make directional dnifling difficult without a full-length
casing.

2. The soft alluvial soils and high groundwater will require shoring and dewatering for
a jacking pit. Excavation bottom stability could also be a significant concemn if the
gravels are present within a few feet of the excavation base. Specific
recommendations should be provided for jacking pit construction if this alternative is
selected.

3. The soft alluvial soils witl provide poor reaction against pipe jacking forces. A large
reaction block will be required, possibly extending below the groundwater table.

In view of the soft ground conditions, we expect that horizontal dnlting with continuous
casing is the better of the two alternative road crossing methods. We recommend that the drilling
contractor be responsible for means and methods of making the crossing. Dames & Moore would
be pleased to collect additional data at the crossing location if necessary.
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L 9.6 WELLSITES
9.1 WELLSITE SELECTION

A Dames & Moore engineer worked with Mr. Todd Thomas of NNG to select preliminary
wellsite locations. Figure 3a shows the wellsites identified during this field effort. The locations were
selected based on the following criteria, in order of importance:

1. The wellsite must be located reasonably close to a storage pool. Mr. Jack Meycr of
NNG provided suggestions for general welisite locations. ' :

2. The wellsite must be located on stable ground which will not creep or slide during the
50 year design life of the /'W wells.

3. Tbe wellsite should be located on relatively flat ground to minimize the amount of
earthwork required to provide a large flat area for the dniling equipment. Although
the selected locations are considered the best available sites, there will be some large
cuts and fills required due to the irregular topography of the general area and the large
pads required for I/'W well drilling.

L 4, The sites should have convenient access for drilling and service equipment. Almost
all of the wellsites can be accessed by building short driveways from existing gravel
roads.

Based on our observations, none of the wellsite locations shown on Figure 3a are underlain
by landslides or surficial slope failures. The site boundaries were field located to maximize the use
of naturally level ground. Additional topographic information is necessary to confirm that the site
boundaries make optimal use of the existing topography.

9.2 WELLSITE DESIGN AND CONSTRUCTION

The current wellsite layouts are considered adequate for planning and preliminary engineering.
We recommend that topographic surveys be performed at all of the wellsites. The surveys should
extend at least 100 feet beyond the uphill site bowndaries and at least 50 feet on the downhill side so
that cut and fill slopes can be designed.

We understand that the existing wellsites in the Mist area were designed in the field and built

‘_ with limited quality control. This approach can result in durable finished pads at low cost, particularly
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if fill heights are less than a few feet. Some of the cuts and fills required to level the planned 3-well
pads for this project will be significantly higher than at the existing wellsites. The recommendations
provided in this section are intended for use on the larger cuts and fills, where typical construction
procedures may not result in a pad with a reliable 50-year design life.

9.2.1 Slope Inclinations

Table 9-1 summarizes the recommended steepest inclination for cut and fill slopes surrounding
wellsites. A Dames & Moore geologist should monitor all cut slopes to confirm that adverse bedding
conditions or pre-existing shear zones are not present. -Flatter slope inclinations may be necessary
if unfavorable bedding or shear zone conditions are encountered during excavation. Seepage from
cut slope faces will reduce the stability of the siope and should be evaluated on a case-by-case basis.

TABLE 9-1
STEEPEST RECOMMENDED SLOPES INCLINATIONS

5-20 1'4:1 2:1

20+ 2:1 2:1

9.2.2 C(Clearing, Grubbing, and Stripping

The wellsites should be cleared of all debris, brush, vegetation, tree stumps, and primary root
systems. Matenals generated from clearing operations sbould be removed from the site. All slash
piles from previous logging operations should be removed during clearing. Similarly, any depressions
from toppled trees should be cleaned of accumulated organic soils and backfilled with compacted
structural fill.

After clearing, the surface of the wellsites should be stripped to remove surface vegetation
and organic topsoil. Soil containing more than about 2 percent organic content by weight should be
considered organic and segregated for special handling. Required stripping depths should be
evaluated by a Dames & Moore representative in the field at the time of grading. For planning
purposes, we recommend that an average stripping depth of about 18 inches be assumed.
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9.2.3 Fill Placement and Compaction

Wellsite grading may require up to 15 feet of fill to achieve the proposed elevations. Fili
embankments of this thickness will be much more durable if constructed in a controlled manner with
high-quality compaction. All fill should be placed in uniform, horizontal lifts and compacted to at
least 92 percent relative compaction as evaluated by ASTM Test Method D1557. To achieve
uniform compaction, we recommend that fill siopes be over-built and subsequently cut back to expose
well-compacted fill.

All fill matenials should be placed and compacted at a moisture content near-optimum. The
optimum lift thickness will vary depending on the compaction equipment used, but should generally
not exceed about 8 to 10 inches in loose thickness.

The fill soils generated from cuts at the wellsites will probably be very wet of optimum, and
it may not be possible to achieve 92 percent relative compaction. In this case, a Dames & Moore
engineer should monitor wellsite grading operations and provide additional recommendations
regarding blending, alternative acceptance criteria, and other non-standard earthwork procedures.

We recommend that prior to placing fill on slopes steeper than SH:1V, the exposed existing
slope surface be terraced with maximum 4-foot vertical and 10-foot horizontal benches. Further, we
recommend that the toe of the benched fills be keyed at least 2 feet into competent soil. Toe keys
should be at least 8 feet wide, or as recommended in the field by a Dames & Moore engineer.

Placement and compaction of all fill materials should be monitored and tested by a qualified
soil technician under the supervision of a geotechnical engineer. We recommend that all fill
placement be tested in accordance with ASTM D2966 (Nuclear Density Method) to venfy the
density, degree of compaction, and moisture content of the fill. Furthermore, it is suggested that the
specifications for this project call for frequent testing on each lift. In the event where any portion of
the fill fails to meet the compaction requirements, the area should be reworked, recompacted, and
retested unti] the specified compaction is achieved,

9.2.4 Fill Suitability

Fill matenial should be free of trash, roots, debris, vegetation, or other deleterious materials.
In general, fill should be free of rocks or hard lumps larger than 6 inches nominal diameter. Based
on our observations and the results of our laboratory tests, the non-organic native soils on the site
are generally suitable for use as compacted fill, provided the moisture content can be adjusted to near
optimum during compaction.
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Organic soils can be used as fill, but must be placed using special procedures in order to
reduce the potential for failure of the welisite. Organic soils will decompose over time and wil! aliow
significant settlement. Settlement near the wellheads is unacceptable, so organic soils should not be
placed within 25 feet of any well location. Similarly, settlement near the crest of the embankment wll
allow cracking, which will allow water infiltration and eventually lead to fill slope failure. In this
view, organic soils should not be placed any closer than 5 feet to the finished pad surface and no
closer than 10 feet from the finished slope face. Organic soils should be placed in uniforrn honizontal
layers whenever practical to reduce the magnitude of differential settlement.

It is our experience that the native soils do exhibit slight shrinkage when compacted to the
recommended relative compaction. We recommend a shrinkage factor of about 10 percent be used
for calculating fill volumes generated from cut slopes.

Crushed rock used for access roads should consist of angular durable material with a
maximum particle size of 1% inches and no more 10 percent by weight passing the No. 200 sieve.
Select granular fill to be placed during periods of wet weather should contain less than 5 percent
passing the No. 200 sieve. Material proposed as crushed rock should be tested and approved by a
qualified geotechnical engineer prior to importation to the site.

9.2.5 Slope Protection

Fill slopes should be vegetated as soon as possible to reduce the likelihood of erosion and
failure. Low berms should be constructed along the crest of ail slopes to reduce the amount of water
flowing down the slope face. Further, we recommend that positive drainage be established away from
the slope crest. This can be accomplished utilizing a pad gradient of at least 2 percent at the top of
the slope areas.

Northwest Natural Gas January 24, 1997
Geotechnical Investigation - Mist Gas Storage Project DAMES & MOORE
Mist, Oregon 30 WPMH6M2114\01
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10,0 CLOSURE

Dames & Moore's services are performed, within the limitations imposed by the firm's clients,
using the degree of care and skill ordinarily exercised under similar circumstances by reputable
engineers and geologists practicing in this locality.

The findings in this report are believed to describe site conditions to the extent practical given
the scope of the investigation. However, this investigation, like all such investigations, can directly
explore subsurface conditions at only a few isolated locations within the site. Soil and geologic
conditions can vary greatly from place to place, and different conditions may be found during
subsequent investigations or project construction, Any such changed conditions should be brought
promptly to Dames & Moore's attention for evaluation. Changes to the conclusions and
recommendations, and to any designs based on them, may be needed if changed conditions are
discovered.

The conclusions and recommendations presented in this report were developed specifically
for this project and do not necessarily apply to any other site or project. If the nature of the planned
construction changes significantly from that described in this report, Dames & Moore should be
contacted to confirm the validity of these conclusions and recommendations.

The condition of a site can change with the passage of time, due either to natural processes
or to the works of man on this or adjacent properties. In addition, changes to the applicable laws,
regulations, codes and standards of practice may occur because of governmental action and the
broadening of knowledge. The findings of this report may be invalidated wholly or in part by such
changes, over which Dames & Moore has no control. If more than two years have passed since the
date of issue for this report, the report should be reviewed by Dames & Moore to check the validity
of the conclusions in light of possible changes.

The following appendices are attached and complete this report:

Appendix A - Subsurface Investigation
Appendix B - Laboratory Test Results

Northwest Natural Gas January 24, 1997
Geotechnical Investigation - Mist Gas Storage Project DaMES & MOORE
Mist, Oregon N 31 WPO1602114\01
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Reference: Newlon & Von Afta, 19675, il & Gas Invastigalion 5,
Oregon Department of Geology & Mineral Industries
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(Possible Landslide)
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0 500 Feet
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GEOLOGIC MAP DETAIL
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Fill Induced Settlement Magnitude
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Figure 4

00

05

1.0

-
h

Settlement (in)
M
=]

M
3]

3.0

35

Fill is assumed to be compacted sand or
rock with a unit weight of 125 (b/ft*3

™

N

4.0
0.0

FILLSETL.XLS
Magnitude

1.0 2.0 3.0

4.0

5.0
Fill Height {f)

6.0

7.0

8.0 8.0

10.0

Northwest Natural Gas

Mist Underground Storage Project

2114-018-016



C

Figure 5
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Subgrade Reaction Moduius {Ib/in*3)
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Figure 6

Subgrade Reaction Modulus
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APPENDIX A
SUBSURFACE INVESTIGATION

Subsurface exploration of the Miller Station site consisted of dnlling, logging, and sampling
ten borings to a maximum depth of approximately 51.5 feet. Eight of the ten Miller Station borings
were drilled by a truck mounted CMES55 drilling rig using hollow stem auger methods. Two borings
at the river crossing and the remaining two Miller Station borings were drilled using a CME 45 drill
ng mounted on a custom tracked carrier, The river crossing borings were drilled using mud rotary
methods. Two hand-auger borings were drilled using a 3-inch diameter manual auger. These borings
were dnlled to check groundwater conditions, so samples were not collected.

The borings were completed under the supervision of a Dames & Moore geotechnical
engineer who classified the soils encountered, maintained a continuous boring log, and selected
representative samples for geotechnical laboratory testing. Figures A-1 through A-14 provide
graphical logs of conditions encountered in the borings.

Standard Penetration Tests (SPT) were performed at regular intervals in each boring in
accordance with ASTM Test Method D1586. The SPT is performed by driving a 2-inch diameter
split barrel sampler into the soil with a 140 1b hammer falling 30 inches. The number of blows
required to drive the sample from a penetration of 6 to 18 inches is the SPT penetration resistance,
“N”. The initial 6 inches of the drive is not considered due to the potential for soil disturbance near
the auger tip.

Relatively undisturbed samples were obtained by driving a Dames & Moore U-Type ning
sampler with a 300 Ib hammer falling 30 inches. The number of blows required to drive the hammer
the last 12 inches of an 18-inch sampling interval is shown on the logs. Figure A-16 shows a
schematic drawing of the sampler. It is important to note that the tracked drill ng does not carry a
300 lb hammer, so the U-Type sampler was driven with a 140 Ib SPT hammer. The hammer weight
for each boring is shown in the Key on the boring logs.

The auger borings were backfilled by mixing bentonite chips with auger cuttings and shoveling
from the ground surface. The mud rotary boreholes were backfilled by mixing cement into the drilling
mud to form a weak grout, which was then circulated through the hole prior to removing the dnill rod.

A piezometer was installed in Boring RC-N after the boring was complete. The boring was
backfilled to a depth of 20 feet, and a 2-inch diameter casing was lowered into the hole. The
piezometer casing was field slotted over the bottom 10 feet and capped on the bottom. The
piezometer is not locked or covered due to the remote nature of the site and the low potential for
disturbance or tampering.



Two Cone Penetration Tests (CPT’s) were performed near the center of the planned turbine
area as a part of the seismicity and site response evaluation, which is currently in progress. The tests
were performed to evaluate the shear wave velocity of the soil profile at Miller Station, but other data
from the CPT’s were used in settlement and strength analyses. Only one test had been planned, but
CPT-1 encountered refusal due to excessive skin friction on the CPT rod. CPT-2 was performed
using a bentonite-filled casing in the upper 10 feet. The friction reduction on the following rod
allowed the CPT to penetrate to a depth of 65 feet, where it met abrupt cone refusal. The CPT logs
and the shear wave velocity profiles are included at the end of this appendix.

A-2



D16MIST MIST January 24, 1997

BORING B-1
Northing: 1160.0 Dete Started: November 26, 1996
Easting: §00.0 Date Completed: November 25, 1996

Surface Elevation: 247.00 fest

[PFit run crushed rock and cobbles {fill}

Light brown silty CLAY, medium stiff, very moist

LABORATORY TEST
DATA
o Q H [}
El 8 | O & s £
@ = el =
el G |gF|5z| €
£l 52 & of g o
s 82 g |z~| & §
% o = o o w
P
-200 | 41.0 28 E |
6 T
c 43.0 75 14 I i |
LI
.-:_ | |
1L
ARl
T
10 i g
-200 | 60.3 18 E ' !
i i
I
‘ ! | i
V
15 /
c |s03| 51 | s l /
%
7
AL |53.5 16 |] /
80.5 | 56 10 . //
KEY:

B Relatively undisturbed sampls obtained
with a Dames & Moore Type-U sampler
driven with & 300 pound hammer falling
30 inchas,

B Standard Panstration Tast sample.

1] Rock Core sample.

Bd Distubed sample.

g Groundwetsr depth at time of drilling

Mottled light brown to brownish-yellow silty fine SAND, medium dense, moist

Mottled light brown to brownigh-yellow silty fine SAND with layers of fine sandy
SILT, moist to wet

Silt content increases

Perched groundwater at about 8.0 fest

e e e e e e e e e e e e e e e o e e A e e e e e = = = = = = -

Bluish-gray fat CLAY, medium stiff, wet

Mottled light gray and yellowish-brown fat CLAY, stiff, wet

Consistency increases 10 medium sti, trace sand

NOTE: Boring completed 21 a depth of 26.5 feet on 11/25/96.

NOTES:

Groundwater encountered at & depth of 8.0 feet on 11/25/96.

SA - Sieve Analysis

-200 - Fines Content Analysis BORlNG LOG

AL - Attarbavy Limits —_—

UC - Unconfinad Compression

DS - Direct Shear

¢ - Conmolidgation - —a
DAMES & MOORE

2114-018-018

Figure A-1




LABORATORY TEST

KEY:

[ | Aelatively undisturbed sampla obtained
wnth a Damesz & Maore Type-U sampler
driven with a 300 pound hammer falting
30 inches,

[

Standard Penatration Test sample.

Rock Core sampla.
Diaturbad aample.

k] X4

Groundwater depth at time of dnlling

QISMIST MIST January 24, 1997

BORING B-2

Northing: 1113.0
Easting: 645.0

Surface Elevation: 237.00 feet

Date Started: November 25, 1996
Date Completed: November 25, 1998

DATA
B E
£ 2
o =) S o
1] =1 > - =3
Ll @22 192 | & 8 £
€l 22 | S¥ | sz & &
£l S | & ofP| § =
& 28 |3 |2=| & E
) cw | = o B o
443 19 ﬂ
b
DS 45.2 72 13 .
10
-200 60.2 19 ﬂ
15
80.2 44 10 .
20 i .
67.5 34 D AI:

Pit run crushed rock and cobbles {fill)

moist

Mottled light brown and brownish-yellow clayey SILT, stiff 1o vary stiff, very

ML

Light brown SILT with fine sand lenses, stiff to very stiff, wet

NOTE: Boring completed st a depth of 21.5 feet on 11/25/96.
Groundwater encountered a1 a depth of 20.0 feet on 11/25/86.

MNOTES:

SA - Sisve Analysis

-200 - Fines Contant Analysis
AL - Atacbarg Limits

UC - Unconfined Compreasion
D5 - Diract Shear

C - Consalidation

BORING LOG

- —ad
DAMES & MOORE

2114-016-016

Figure A-2
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D1 BMIST MIST January 24, 1997

LABORATORY TEST

DATA
L] [~ &
] o o
uw - o_ | =
el €5 | e | B
e o~ | ok
g 3% |2 |c®
2 -
& o | = a
0
50.1
5
C 27.2 B6
10
-200 | 53.3
16
66.0
20
AL 50.1 71
25
41.3
30
-200 34.3 a9
35
KEY:

-]
5 5
=] =
L g
® &
: £
o w
23
14

__ I~

BORING B-3A

Northing: B38.5
Easting: 1111.0
Surface Elevation: 217.00 feet

Date Started: November 28, 1996
Date Completed: November 26, 1996

¥ ¥4 GF [Pitiun crushed rock and cobbies (il
j)| GM |Dark brown clayey GRAVEL, dense, moist {fill}
CL | Mottled light brown to brownish-yvellow silty CLAY, very stiff, wet
ML | Brownish-yellow sandy SILT, very stiff, wet
6 inch thick layer of reddish-brown silty fing SAND, loose, moist
11| SM | Light brown sitty fine SAND, loose, wet, trace iron oxide staining
: Silt content increases
L Iron oxide staining increases to abundant
m
e
).
CH | Bluish-grey fat CLAY, stiff, wet
Changes to gray, very stiff
ML | Gray sandy SILT, very stiff, moist, seams of organics
CH | Greenish-gray fat CLAY, hard, moist
Continued Next Page
NOTES:

. Refatively undisturbed sample obtained
with a Darmas & Moare Typa-U ssmpler
driven with 8 300 pound hammer failing
30 inchas.

= Al
—

ikl X

Rock Core sample.

Disturbad sample.

Standard Penetraticn Test sampla.

Groundwater depth at time of drilling

SA - Sieve Analysis

-200 - Fines Content Analysis
AL - Arterbarg Limits

UC - Unconfined Compreasion
DS - Dirsct Shaar

C - Consolidation e - —ad
DAMES & MOORE

2114-016-016

Figure A-3a

BORING LOG




O16MIST MIST January 24, 1997

“@Depth in Feet

LABORATORY TEST

DATA
o £
£ &
o c T
o |S_| &2 | 8 %
I'é @? <& o | o
oL 51 S £ o
53 = oy “;" <
28 |2 (27) & E
i = o T w
37.6 3 E

45

50

427 | 79 17 I

36.4 33 ﬂ

KEY:

=

k] &

[ | Rolatively undisturbad sample obtainad

with a Darmnes & Moore Type-U sampler
driven with a 300 pound hammer falling
30 inchas.

Stendard Penatration Tast sampls.
Rock Core sample.
Diatwebed sample.

Groundwater depth et time of drifing

38.0| 85 17 l B1E 1

BORING B-3A

Northing: 838.5 Date Started: November 26, 1998
Easting: 1111.0 Date Compiated: November 26, 1996

Surface Elevation: 217.00 feet

Changes to bluish-gray, very stiff

Gray fine sandy SILT with seams of organics, hard, moist

NOTE: Boring completed at a depth of 51.5 feet on 11/26/96.

NOTES:

Groundwater not encountered during drilling.

SA - Sisve Analysis

-200 - Finas Contant Analysis
AL - Arterharg Limits

UC - Unconfinad Comprasasion
DS - Direct Shear

C - Consolidation

BORING LOG

——

- —ad
DAMES & MOORE

2114.016-016

Figure A-3b




D16MIST2 MIST January 24, 1997

LABORATORY TEST

DATA

3 E BORING B-3B
58 |& | g
£ g |0 | £ g > Northing: 804.0 Date Started: December 5, 1996

- @ -

£l e i;:’ 5% s 5 5 ¢ Easting: 1087.5 Date Completed: December 5, 1996
= = )
S| 282 [ [t E:o E Surface Elevation: 216,00 feet
ca W = a m W

mu GM | Crushad rock and cobbies (fill)

CL | Yellowish-light brown silty CLAY, stiff to very stiff, very moist, abundant iron
oxide staining

37.2 | B3 an

47.3 14

h

ML | Light brown clayey SILT, mediurn stiff, wet

10
668.8 | 63 9

CL | Mottied light brown and brownish-yellow silty CLAY, medium stiff, wet

15
96.8 8 ﬂ

CH | Dark gray fat CLAY with trace organics, stiff, wet

20
77.2 55 14 I
CH | Bluish-gray fat CLAY, stiff, wet

67.2 10

25 EA

CL [Brown CLAY with trace organics, stiff, wet

CH | Bluish-gray fat CLAY with trace fine sand, very stiff, wet

30
79.2 | 58 25 I

CH | Greenish-gray silty fat CLAY with clayey SILT layers, stiff, very moist

35
Continued Next Page
KEY: NOTES:
. Ralativety undisturbed sample cbteinad SA - Sweve Analysis
with a Dames & Moore Type-U sampler X _
drivan with & 140 pound hammer falling -200 - Finas Cantent Analysis BORlNG LOG
30 inches. AL - Anerbarg Limits ——
[d Sstandard Penatration Test sample., UC - Unconfined Compression
l l Rock Cora sample. DS - Dirsct Shear
X Disturbed sampta. C - Consolidation —_—
g Groundwater depth at time of drilling DAMES & MOORE

2114-016-016 Figure A-4a



LABORATORY TEST

DATA
T OiS
] g g ©
[ 1) (=X > s [=%
Pl ge (S22 |8 2
:E g.g ‘5§ 5:‘1" E‘:‘ o
gl 2% | o == 5 E
0| cw > a m w
35
wsl ||
a0
48.9 74 45 I

45
54.1 16 E

50
4389 | 78 25 I

KEY:

. Ralativaly undiaturbad sample obtained
with a Damas & Moore Type-U samplar
driven with & 140 pound harmmear falling
30 inches.

(N

Standard Penatration Tast sample.

Q18MISTZ MIST January 24, 1997

BORING B-3B

Northing: 804.0
Easting: 1087.5

Surface Elevation: 218.00 feet

Date Started: December 5, 1996
Date Completed: December 5, 1596

Greenish-gray to bluish-gray fat CLAY with trace fine sand, very stitf, very moist

NOTES:

 NOTE: Boring completed at a depth of about 51.5 feet on 12/5/986.
Groundwater obscured by drilling fluid.

SA - Sieve Analysis

-200 - Finas Content Analysis
AL - Atterberg Limits

UC - Unconfined Compression

BORING LOG

——

1§ Rock Cove semple. DS - Direct Shear

B Disturbed sampie. C - Consolidation - —a

g Groundwater depth a1 time of drilling DAMES & MOORE
2114-016-018 Figure A-4b



016MIST2 MIST January 24, 1997

oDepth in Feet

10

15

20

25

30

35

KEY:

LABORATORY TEST

DATA

[=]

a Q >

22 |0z | S

2% | 52| Es

5% | & oy

28 | © it

i p-3 o
43.1

D5 881 66
47.2

c .0 57
74.5
55.9 65
63.1

©
s &
g 2
L g
@ 4|
-
m w
37“
44.
12

<

BORING B4A

Northing: 780.0
Easting: 1125.5
Surtace Elevation: 214.00 feet

Date Started: December b, 1596
Date Completed: December 5, 1986

=

¥} GM [Crushed rock and cobbles (il
CL | Mottled light brown and yellowish-brown CLAY, hard, very moist
Z

CH | Light gray CLAY, very stiff, very moist to wet, with abundant iron oxide staining
EQT Light brown fine sandy SILT to silty fine SAND, medium dense, wet
ML | Light brown clayey SILT with a trace of fine sand, stiff, very moist to wet
ML | Light brown clayey SILT, soft to madium stiff, wet
CL | Light brown CLAY, soft to medium stiff, wet

&

] SM | Dark gray sifty SAND, medium dense, very moist
CH

. Relativaly undisturbad sample ocbtained
with a Dames & Moore Type-U sampler
driven with & 140 pound hammar faling
30 inthes.

Ikl & = A

Rock Core sampla.

Disturbed sampla.

Standard Penetration Tast sample.

Groundwater depth at vime of drilling

NOTES:

stiff, wet

Color to dark gray

Color to bluish-gray

Continued Next Page

SA - Swva Analysis

-200 - Fines Content Analysis
AL - Attarberg Limits

UC - Unganfined Comprassion
DS - Direct Shear

C - Consolidation

Color to mottled light brown and brownish-yellow

Mottled dark gray and biuish-gray fat CLAY with trace fine sand, stiff to very

BORING LOG

.
DAMES & MOORE

2114-016-018

Figure A-Sa




LABORATORY TEST

OATA
3 |§

| E =
o L=} Q
) o a - - =1
“l g [Ss|E_| 8 #
El g2 |58 |5 | & o
£ 5% | & ag| § =
al 82 |3 |2%| 3 &
a|l ea | = a @ o
35

E1.4 | 69 | 12 l

40
ag.o 76 D

45
333| 89 [soi6" |

BORING B-4A

Nonhing: 780.0
Easting: 1125.5

Surface Elevation: 214.00 fest

Date Started: December 5, 1996
Date Compileted: Dacembar 5, 1996

Consistency increases to hard

KEY:

. Ralatively undistuwrbed sampla obtainad
with a Dames & Moore Type-U) sampler
driven with & 140 pound hammer falling
30 inches.

|\

Standard Penetration Tast sample.

Rock Core sampls.

Disturbad sampie.

O16MIST2 MIST January 24, 1997

K X

Groundwater depth st time of drilling

NOTE: Bering completed at a depth of about 48.5 feet on 12/5/96.
Groundwater obscured by drilling fluid.

NOTES:

5S4 - Siave Analysis

-200 - Fines Contant Analysis
AL - Atterberg Limits

UC - Unconfined Comprassion
DS - Direct Shear

C - Consolidation

BORING LOG

- —a
DAMES & MOORE

2114-018-018

Figure A-bb



G1EMIST MIST January 24, 1997

BORING B-4B

Date Started: November 26, 1896
Date Completed: November 26, 1996

Northing: 826.0
Easting: 1166.0
Surtace Elevation: 218.00 feet

Crushed rock and cobbles (fill)

Dark brown silty GRAVELS, medium dense, moist {fill}

Brownish-yellow silty CLAY, stiff, wet

Gradas with fine sand

Mottled light gray and light brown silty fat CLAY with reddish-brown weathered
mudstone fragments, stiff, wst

LABORATORY TEST
DATA
- E
i § 'E o
2 &8, |81z | 5 &
= Ea gi ‘2_‘ o =
=] me | 5% | L | & e
£] 5 | & of| ¢ @©
Bl 23 |8 | 2~| & E
o| £l = a & o
0
we| | [g /
5
uc |a1s5| 78 | 14 . .
10
53.3 14 ﬂ
15
4.0 33.4 B85 ] I
20
37.4 18 ﬂ
25
32.8 89 12 l
30
37.2 20 ﬂ
a5
KEY:

. Ralativaly undmsturbad aampie obtained
with 8 Dames & Moore Type-U sampler
driven with a 300 pound hammar falling
30 inchas.

B Standard Penatration Tast sample.

| | Rock Cara sample.

K Disturbea sampla,

NOTES:

Bluish-gray sitty fat CLAY, stiff, moist, some fine sand

Sand content increases

Sand content decreases 10 trace

Color changes to blua

Continued Next Page

SA - Sieve Analysis
-200 - Finas Content Analysis

BORING LOG

AL - Atterberg Limits
UC - Unconfined Comprassion

DS - Diract Sheasr

C - Consclidation —
S_Z Groundwater depth at tima of drilling DAMES & MOORE
2114-018-016 Figura A-Ba



LABORATORY TEST

BORING B-4B

Northing: 826.0
Easting: 1156.0

Surface Elevetion: 218.00 feet

Daie Started: November 26, 1996
Date Completed: November 26, 18386

DATA
h: B
HEE 3
HE IR IR N
£l «f | S¥|lS@ | & @
€l 52 |5 |oB| § ®
g 32 | B >~ | & §
o| xw z o & w
35
32.6 89 18 l

40
47.0 29 E

45
35.6 | Be 23 l

I

Grades with mote fine sand

KEY:

. Ralatively undisturbad sample obtained
with a Dames & Moore Type-U sampler
driven with & 300 pound hammer falling
30 inches.

Standard Penetration Tast sample.

RAock Core sampla.
Disturbed sampla.

QtBMIST MIST January 24, 1997

1kl &

Graundwater deapth at time of drilling

NOTE: Boring completed at a depth of 51.5 feet on 11/26/96. No
groundwater encountered.

NOTES:

SA - Siave Analysis

-200 - Fines Contant Analysis
AL - Attarberg Limats

UC - Uneonfined Compression
D5 - Direct Shewr

C - Consolidation

BORING LOG

TR
DAMES & MOORE

2114-016-018

Figure A-6b



D18MIST MIST January 24, 1997

LABORATORY TEST
DATA
g 8. o =
“l 8e | Sz | &
£l 28 | 5% | s
£ 5 | § of
gl a8 | 5 >
ol cuw = a
0
39.3
5
45.0 76
10
458
15
52.4 70
20
440
25
42.2 | 77.4
30
37.4
XEY:

B FRelstively undisturbad sample ohtsinad
with & Dames & Moore Type-U sampler
driven with 3 300 pound hammer falling

30 inches.,

W B =N

Rock Come ssmpla.

Disturbad sumpls.

Bfows/Foot
Sample Type

14

I hl

16

]

-

v 4

Standard Penatration Tast sample.

Groundweter depth at tima of driliing

BORING B-5
Northing: 782.5 Date Started: December 3, 1956
Easting: 1180.0 Date Completed: December 3, 1996

Surface Elevation: 215.00 feet

GM | Brown silty GRAVEL, medium dense, wet {fill)
CL | Mottled light brown and brownish-yellow silty CLAY trace fine sand, stiff, moist
to wet
Changes to gray
CL [Mottled brownish-yellow and light brown CLAY, stiff, moist
Grades with fine sand
Changes to mottled bluish-gray and brownish-yellow
SM | Gray silty fine SAND, medium dense, wet

NOTE: Boring completed at a depth of 31.5 feet on 12/3/96. No

NOTES:

groundwater encountered.

SA - Sieve Analysis

-200 - Fines Content Analysis

BORING LOG

AL - Atterberg Limits

UC - Unconfined Compreasion

DS - Diract Shear

C - Consolidation e~ —a
DAMES & MOORE

2114-018-016

Figure A-7



LABORATORY TEST

DATA
s |z BORING B-6A
o E € @
ol & S > e B A .
Ll o o £ s > Northing: 708.0 Date Started: December 3, 1996
[ -0 - Frd .
| 25 (3% §§ 5 2 Easting: 1087.0 Date Completed: December 3, 1996
= =
gl 23 ] [ _r.;g E Surface Elevation: 200.00 feet
al Ew = a @
0 GP | Crushed 7ock and cobbies (il
/ CL [Mottled light gray and brownish-yellow CLAY, very stiff, moist

so| | g /
]

57.0 86 12 .

Changes to stiff
M| ML | Gray clayey SILT trace fine sand, stiff, moist

10 ‘ :

495 9 Iz :

Il <
‘ i CH

%
.

20
46.5 17 D

KEY:

. Relativaly undisturbad sample abtained
with a Dames & Moora Type-U sampler
driven with a 300 pound hammer falling
30 inches,

Stendard Penetration Test sampla.

Rock Core sample.
Disturbed sample.

Groundwatwr depth at time of drilling

O016MIST MIST January 24, 1997

i X

Bluish-gray fat CLAY trace fine sand, stiff to very stiff, wet

NOTE: Boring completed at a depth of 21.5 feet on 12/3/96. Groundwater
encountered at a depth of 12.0 feet on 12/3/96.

NOTES:

SA - Sieve Analysis

-200 - Fines Contant Analysis
AL - Arnterperg Limits

UC - Unconfined Compression
DS - Direct Shear

C - Consolidation

BORING LOG

————
DAMES & MOORE

2114-018-0186

Figure A-8



O1BMIST MIST January 24, 1997

LABORATORY TEST

DATA
3 | E
T~ A
&l © g o
1] [=Y - - [=%
wL| 2o o_| £ e
c IE WP E____ o =
el -2 = 5| B L g
)1 3 . =
€] 3% | & oF B
g &3 2 [ L2 =
ol zw = o - v
4]
28.0 16 ﬂ
5
46.2 | 70 8 .
10

40.4 12

N

15
428 | 78 12 I

20
45.4 12 [4

KEY:

- Relativaly undisturbed sample obtained
with » Dames & Moore Type-U sampler
drivan with a 300 pound hammer taliing
30 inches.

Standard Penetration Teat sample.

Raock Core sampie.
Dusturbed sample.

Groundwater depth at ume of drilling

K X

BORING B-6B

Northing: 762.0
Easting: 1087.0

Surface Elevation: 20B8.00 feet

Date Started: December 3, 1986
Date Completed: December 3, 1996

GM | Brown silty gravel with cobbles {fill}
CL | Brown silty CLAY, stiff, moist
Changes to mottled light brown, medium stiff to atiff
Moisture content increases 10 wet
ML |Mottled light brown clayey SILT with trace tine sand, stiff, moist
CH

Bluish-gray fat CLAY trace fine sand, stiff, wet

Changes to mottled grey and brownish-yellow

NOTE: Boring completed at a depth of 21.5 feet on 12/3/96. Groundwater
encountered at a depth of 8.0 feet on 12/3/96,

NOTES:

SA - Sieve Analysis

-200 - Fines Content Analysis
AL - Attarbarg Limits

UC - Unconfined Compression
DS - Direct Shear

C - Consolidation

BORING LOG

——
DAMES & MOORE

2114-0716-018

Figure A-9



LABORATORY TEST

Q16MIST MIST January 24, 1997

DATA
gl 8 § | »
I.f LT U__ x
el €& | gR| &~
n = 3~ &
£l 53 | 5 | oF
g 82 | B i
O cCw = [a]
0
k8.4
5
65.6 59
10
51.6
15
51.8 71
20
AL 46.3
25
439 : 78
30
53.0
KEY:

Blows/Foot

Sample Type

BORING B-7

Northing: 898.0
Easting: 1170.0
Surface Elevation: 222.00 feet

Date Started: Novemnber 26, 1996
Date Compieted: November 25, 1996

Fit run crushed rock and cobblas (l)

Mottled light brown and brownish-yellow CLAY, stiff, moist

Grayish-blue fat CLAY, medium stiff, wet

Meottled brown and light brown CLAY, stiff, wet

I CL
CH

l

Bluish-gray fat CLAY, very stiff, wet

NOTE: Boring completed at & depth of about 31.5 feet on 11/25/968. No

NOTES:

. Relatively undisturbed sample obtainad
with @ Damas & Moora Type-U ssmpler
driven with 8 300 pound hammer felling

3G inches.

Rock Core semple.
Disturbed sample.

k1 &2

Standard Penatrmation Test sample.

Groundwater depth at time of drilling

groundwater encountered.

SA - Sipve Analysis

-200 - Fines Contant Analyais
AL - Anterbacg Limis

UC - Unconfined Comprassion
DS - Direct Shaar

C - Consclidation

BORING LOG

T
DAMES & MOORE

2114-0168-016

Figure A-10




018MIST2 NNG January 24, 1597

LABORATORY TEST

Blows/Foot
Sample Type

o,
L]

N A b

90;’11'“

50/8" D

DATA
o =
@ [
| 5 E
o =% Q -
W [T o _ x
el €5 | R | 2~
| B2£ S— | ok
£l 53 |8 | of%
g 88 o =
o| = a
0
41.0
5
-200 | 435
41.2
10
SA 324
15
20
28.5
25
30
AL 255
-200
35
KEY:

. Aslativaly undisturbed sampia obtained
with s Dames & Moore Type-U sampler
driven with a 140 pound hammer falling

30 inches.

k] M =

Rock Core sample.
Diaturbed sample.

Standard Penetration Test sample.

Groundweter depth at time of drilling

BORING RC-N

Northing:
Easting:

Surface Elevation: fest

Date Started: December 3, 1996
Date Completed: December 3, 1996

Brown silty fine.SAND to sandy SILT, very loose to loose, wet

Reddish-brown silty GRAVEL, medium dense, moist, with silt lenses

Gray silty SAND with few gravels, loose, wet

90;11*.

NOTES:

With fine sand

Continuad Next Page

SA - Sieve Analysis

-200 - Fines Content Analysis
AL - Atterbarg Limns

UC - Unconfined Compression
DS - Direct Shear

C - Consolidation

Gray CLAYSTONE, moist, very weak to weak, slightly weathered, massive

BORING LOG

s~ _—a
DAMES & MOORE

Figure A-11a



C1EMIST2 NNG January 24, 1997

2Depth in Feet

45

50

KEY:

LABORATORY TEST

BORING RC-N

Northing:
Easting:
Surface Elavation; feet

Date Started: December 3, 1996
Date Completed: December 3, 1996

DATA

T &

1 IS

-] g ®
Q o - £
g2 1S9z18 | 8 ¢

T -

22 | S} g £ o
32 I8 [SE]| § ¢
e 2 [ L2 &
o i = (=] B
'200 f e r—

uc 2031 114

RQAD =100

Core not recovered from 44.0 10 49.0 feet

B Relatively undisturbed sample obtained
with a Dameas & Moore Type-U sampler
drrven with a 140 pound hammer falling
30 inthes,

Standard Penetration Test sample.

Rock Core sampie.
Disturbed sample,

k] &

Groundwater dapth at tima of drilling

NOTE: Boring completed at a depth of 60.6 feet on 12/3/96. Pizometer
installed to 20 feet on 12/3/96. Groundwater obscured by drilling

NOTES:

fluid.

54 - Sieve Analywis

-200 - Fines Comtent Analysis
Al - Attarberg Limits

UC - Unconfinad Comprassion
DS - Direct Shear

C - Consclidation

BORING LOG

e
DAMES & MOORE

Figure A-11b




QI18MIST2 NNG January 24, 1997

LABORATORY TEST

BORING RC-S

Northing: Date Starmed: December 4, 1996
Easting: Date Completed: December 4, 1996
Surface Elevation: feet

Brown silty fine. SAND, loose, wet

Consistency decreases to very loose

Layer of salt and pepper clean sand with brown sittstone fragments

Brown silty GRAVEL, loose 10 medium dense, wet

Gray sandy GRAVEL, medium dense, wet

With layers of silt

No recovery, increases to very dense

DATA
] ] g o
[+] [~3 - - o
Ll g2 19| % 3 2
£l 2 [ S¥ |52 £ o
£l 52 | g (e@| ¢ ®©
S 82 |3 127 5 §
O i = a o w
0 T 5M
T
325 | 78 7 I
HHHT
5 R
200 | 49.3 2;13*“ THIs
12 .
GM
10
24.6 24 |]
GP
., .
®.®
s R4
-200 49 I:_:
.‘I
b ™
-, P
50;5*“?,?
20 b ™
-, w,
-
25
275 70 |]
ue 222|100
uc | 22.1| 108
-200
30
ue {230/ 108
35
KEY: NOTES:

. Aelativaly undisturbed sample obtained
with a Dames & Moore Type-U sampler
driven with a 140 pound hammer falling
30 inches.

Standerd Penetration Test sampis.

Rock Core sampls.
Disturbed sampla.

ikt &

Groundwater depth at time of dnilling

Gray CLAYSTONE, moist, very weak to weak, slightly weathered, massive

RAQD =100

Continued Next Page

SA - Sieve Analysis

-200 - Finas Content Analysis BORING LOG

AL - Artarberg Limis

UC - Unconfined Compression

DS - Diract Shaar

C - Censolidation ham - —
DAMES & MOORE

Figure A-12a




O1EMIST2 NNG January 24, 1997

BORING RC-S

Northing:
Easting:
Surface Elevation: feet

Date Started: December 4, 1996
Date Completed: December 4, 1996

LABORATORY TEST
DATA
-~
3 |5
£
§ g. o > - a
Yl E8 lSglEl| & F
@ -
£l 22 |SE |5z | € o
€|l 53 | & |oB| z @&
gl 38 | £ > £
o ww 2 i L2 g
ol €w = a T w
a5
-200 80O E
26.8 s0/5” 4
40
KEY:

. Rolatively undisturbed sampla obtainad
with a Damas & Maata Typa-U samplar
driven with a 140 pound hammaer falling
30 inches.

B Standard Penetration Test sample.

| l FAock Core sarmpln.

K oisturbed sample.

g Groundwater dapth at time of drilling

NOTE: Boring compieted at a depth of 40.5 feet on 12/4/96. Groundwater
obscrued by driliing fluid.

NOTES:

SA - Sieve Analysis

-200 - Fines Content Analysis
AL - Atterberg Limits

UC - Unconfinad Compreasion
DS - Diract Shaar

C - Consolidation

BORING LOG

—————

-
DAMES & MOORE

Figure A-12b



LABORATORY TEST
DATA
£ BORING HA-1
£ E ® Date Drilled: December 5, 1996
o e Q - - Q
Lw| &5 O _ £ e >
£l 8§ |E¥ | s | £ o
€l S8 |8 (28| § @
2 2w '8 >~ & E Surface Elevation: fes
oc = = a o v
////f o4 OH - . .
/// /7/; Dark brown silty CLAY to CLAY with organics, wet
5
CL
Brown silty CLAY, vary moiet
1
2 Color grades mottled brown and reddish brown
3 Color grades brown, moisture increases to wet
¥
" NOTE: Hand auger boring completed at a depth of about 3.5 feet on
12/05/96. Groundwater maasured at a depth of about 3.2 feet on
12/05/96.
KEY:
[ | Ralatively undisturbad sample abtained
with 8 Dames & Moore Type-U samgler
drivent with & 140 pound hammer falling BORING LOG
30 inches.
D Sampling attempt with no recowvery,
(d Standard Penetration Test sampie,
E Disturbad sample. ——
g Groundwater depth at time of dnliing. D AMES & MOORE

114-016-016 Figure A-13




LABORATORY TEST
DATA
£ BORING HA-2
| E € o Date Drilled: Dacember 5, 1996
- = _ > - Q
w o Q_ | = o >
el 8 R | x| &
| €E (27|80 8 2
& 2w | @© >~ | & E Surface Elevation: feet
ol ~ = o [
0 27777] O ,
VAN I . .
’///////; Dark brown silty CLAY 1o CLAY with orgsnics, wet
- g
/,////{/// -
L
/V/ Brown sity CLAY, vary moist
1 %
3 % Color grades mottled brown and reddish brown, moisture increases to wet
% :
. Y
NOTE: Hand auger boring completed at & depth of 4 feet on 12/05/96.
Groundwater measured st a depth of 3.8 feet on 12/05/96.
KEY:
. Relatively undisturbed sampla obtained
with a8 Damas & Moare Type-U sampler
driven with a 140 pound hammaer falling BORlNG LOG
30 inches.
D Sampling attampt with no racovery.
a Standard Fenetration Test sample.
X oisturbed sample. ———
¥ Groundwater depth at tima of drilling. DAMES & MOORE

2114-016-0186 Figure A-14
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C

-
Cone Penetration Test - CPT-1
Test Date ; Jan 10, 1997 Operalor | Nonhwest Cone Exploration Ground Sud. Elev. : 0.00
Location : Miller Staion, Nonthwest Natural Gas Water Table Depth : 5.00
Qt (isf) Fr. Ratio {%) PWP (tsf) le N1(60) (blows/ft)
00 30 [i14) 80 120 150 O 2 4 [ 8 10 3 ] 7 1.0 1.5 2.0 25 3.0 a5 0 5 10 15 20 25
e —— 1
a i
15 \
—— . - —
-
B v B
@ 30 :
—
3
£ 38 —
i '\
45 l \L
| —]
53 - N
|
" .
68 '
|
75 4
A pormalized for Fr Ratio = 100*RT{8-Sigmay} Afwet Jeflenics and Davier (1991} Afiwr Jefferien snd Davies (1993)
aneqnal end area effect Clamma = |10 pef [e < 1.29 - Oravelly wands
1.25 <le < 190 - Cean to wilry sand
1.90 <l¢ < 154 - Silty eand 1o sandy st
254 e < 242 - Qleyey Alt to mlry clay
282 <le < 322 - Cleyr
PROJECT NGO, 2114-018-5708-018 DIATE: Jurwary 18, 1997 DRAWN BY: Keith Brown

Dames & Moore




¢ ¢ ¢

Cone Penetration Test - CPT-2

Test Date : Jan 10, 1997 Operator : Nonthwest Cone Explorations Ground Surf. Elev. : 0.00
Location : Miller Staion, Northwest Narural Gas Water Table Depth : 5.00
Qt (tsf) Fr. Ratio (%) PWP (tsf) lc N1(60) (blows/f)
00 30 80 B 120 150 l:=_ 2 4 [ B 5] 3 5 7 5 10 1.5 2.0 2.5 3.0 a5 0 5 10 15 20 25

l:g - =

| 5 i

-t i
m !
_. \

|

)

15

23

Depih In feet bgs
B

45

75

Fr Rutio » 100*FA((A-Sigmay) Alter Jefteries snd Dwvies {1991} After Jeffcries and Do (1993)
fe < 129 - Oravelly pandy

1.28 <fz < 1.90 - Cinan o xilty sand

1.90 <Je < 2.54 - Siky sand 10 mndy milt

234 <ic < 282 - Cleyey silt to eilry chay

287 <16 <321 -l

QU meymaalived for
unequed ¢ od ares ¢ffcco Coamma w | 1 pef’

PRAQJECT NO. 2114-018-5708-01¢& DATE: January 18, 1997 DAAWN BY: Keith Brown Dames & Moore
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SOIL CLASSIFICATION CHART

MAJOR DIVISIONS
GRAPH | LETTER DESCRIPTIONS
elelola WELL-GRADED GRAVELS, GRAVEL -
CLEAN ] GW SAND MIXTURES, LITTLE OR NO
GRAVEL GRAVELS 04040, FINES
AND POORLY-GRADED GRAVELS, GRAVEL
{LITTLE OR NO FINES) - .
GRAVELLY GP - SAND MIXTURES, LITTLE OR NO
SOILS FINES
COARSE SILTY GRAVELS, GRAVEL - SAND -
GRAINED GRAVELS GM SILT MIXTURES
MORE THAN 50% WITH FINES
SOILS OF COARSE
FRACTION
RETAINED ON NO. [APPRECIABLE AMOUNT GC CLAYEY GRAVELS, GRAVEL - SAND -
4 SIEVE OF FINES) CLAY MIXTURES
GW | WELL.GRADED SANDS, GRAVELLY
CLEAN SANDS SANOS, LITTLE OR NO FINES
MORE THAN 50% SAND g
{LITTLE OR NO FINES} |-
OF MATERIAL 15 S:NSY SP POORLY-GRADED SANDS, GRAVELLY
%S%ESVTEH;';ENO- SOI]ILS SAND, LITTLE OR NO FINES
MORE THAN 50% SANDS WITH [T SM SILTY SANDS, SAND - SILT
OF COARSE FINES ! MIXTURES
FRACTION e
;&SVSE’NG ONNO. 4 APPRECIABLE AMOUNT[ SC CLAYEY SANDS, SAND - CLAY
OF FINES) MIXTURES
INORGANIC SILTS AND VERY FINE
ML SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY
SILTS INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
FINE AND LoD LT / CL CLAYS, SANDY CLAYS, SILTY
GRAINED CLAYS 50 /2 é CLAYS, LEAN CLAYS
SOILS - — 1 oL ORGANIC SILTS AND ORGANIC SILTY
- CLAYS OF LOW PLASTICITY
INORGANIC SILTS, MICACEOUS OR
MORE THAN 50% MH DIATOMACEOUS FINE SAND OR
TY SOILS
OF MATERIAL IS SIt
SMALLER THAN /
NO. 200 SIEVE SAhBS LIQUID LIMIT % CH | 'NORGANIC CLAYS OF HIGH
GREATER THAN PLASTICITY
CLAYS 50
VAT TN 2%
SV
f//,f{////’;//// ! OH ORGANIC CLAYS OF MEDIUM TO
5, HIGH PLASTICITY, ORGANIC SILTS
A
A PEAT, HUMUS, SWAMP SOILS WITH
HIGHLY ORGANIC SOILS 7o 5 PT HIGH ORGANIC CONTENTS
A A

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS




DRIYING OR PURNING
MECHANIAL

COUPL InmQ

WATER QUTLETY

NOTCHES FOR
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FilHING TOOL
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APPENDIX B
LABORATORY TEST RESULTS

Samples obtained from the borings were transported to Dames & Moore’s geotechnical
testing laboratory in Portland, Oregon for analysis. The laboratory test assignments were made based
on the conditions encountered in the borings and the expected design requirements. The laboratory
program included index property, consolidation, and strength tests.

Moi Con | Drv Unit Weigl
The natural moisture content and dry unit weight of relatively undisturbed sampies was

evaluated in accordance with ASTM Test Method D2216. The test results are presented on the
Boring Logs in Appendix A.

bere Limi

Atterberg limits tests were performed on selected samples in accordance with ASTM Test
Method D4318. The test results were used for soil classification purposes and for correlation with
established strength and compressibility relationships. Table B-1 summarizes the test results.

TABLE B-1
ATTERBERG LIMITS TEST RESULTS

Boring | Depth | Liguid | Plastic | Plasticity USCS
Sft) Limit N Limit Index Classification
B-1 205 56.5 1 30.1 264 CH
B-7 20.5 63.8 279 35.9 CH
RC-N 300 129.0 26.2 102.8 CH

Fines Content

The fraction of soi! smaller than a U.S. Standard No. 200 Sieve (fines) was evaluated for
several samples in accordance with ASTM Test Method D1140. The test results were used to aid
in soil classification and for correlation with hydraulic conductivity parameters. Table B-2
summarizes the test results.

B-1



TABLE B-2

FINES CONTENT TEST RESULTS

Boring Depth | Fines Content
(ft) (")
B-1 3.0 46.6
B-1 10.5 56.9
B-2 10.5 457
B-3a 10.5 394
B-3a 305 50.6
RC-N 5.0 508
RC-N 10.0 51.5
RC-N 300 87.0
RC-N 41.5 93.7
RC-S 15.0 100.0
RC-S 27.0 82.0
RC-S 35.0 99.3

Si lysi

One particle size gradation test was performed in accordance with ASTM Test Method D422.
The test results were used to aid in classification and to evaluate the drilling properties of the soil.
The test results are presented on Figure B-1.

Consolidation T

Four consolidation tests were performed on selected samples in general conformance with
ASTM Test Method D2435. The test resuits will be used to evaluate consolidation settlement due
to mat foundations and fill placement. The tests results are summarized on Figures B-2 through B-5.



&

Direct Shear Tests

The shear strength parameters of foundation soils were evaluated by performing two 3-point
direct shear tests. The tests were performed in general conformance with ASTM Test Method
D3080. The shear strength parameters are used for computing bearing capacity of shallow footings.
The test results are summarized on Figure B-6. ‘

Unconfined Compression Tests

The unconfined compressive strength of select soil and rock samples was evaluated in
accordance with ASTM Test Method D2166. The elastic modulus of the samples was evaluated
under small-strains (initial tangent modulus) and at the peak strength (secant modulus). Figure B-7
summarizes the unconfined compressive strength test resuits, and Figure B-8 summarizes the elastic
modulus results.

B-3



C C

U.S. STANDARD SIEVE SiZE

3" 1.5" 34" 38 4 10 20 40 80 100 200
100 1 ] i 1
1L ] | I I
80 : *T } ! !
} i N } } i
80 t I f f t
—-——
I | 4\“\ | |
70 [,
{ i [ [ ]
o
€0 | l | < |
I | | I ‘g...__t__“ I
50 ! } J
] 1 1 [ [l
L] ‘ L) L L)
40 t T i i 1
| i | | {
30
| I I I
20 } j | | |
| I | 1 ]
10 | } | |
| 1 ] | 1
T ' T L| 1
4] 1 i N 1
1000 100 10 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES SILT OR CLAY
Coerse I Fine Coaras | Medium Fine
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Shear Stress (KSF)
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Figure B-7
Unconfined Compression Test Results
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Figure B-8
Elastic Modulus Test Results
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FORM NO. 417.3 (Rev. 1-75)

METHOD OrF PERFORMING CONSOLIDATION TESTS

CONSOLIDATION TESTS ARE PERFORMED TO EVALUATE THE VOLUME CHANGES OF SOILS SUBJECTED
TO INCREASED LOADS, TIME-CONSOLIDATION AND PR!ESSURE-CONSOLIDATION CURVES MAY BE PLOT-
TED FROM THE DATA OBTAINED IN THE TESTS. ENGINEERING ANALYSES BASED ON THESE CURYES
PERMIT ESTIMATES TO BE MADE OF THE PROBABLE MAGNITUDE AND RATE OF SETTLEMENT OF THE

TESTED SOILS UNDER APPLIED LOADS.

EACH SAMPLE IS TESTED WITHIN BRASS RINGS TWO AND ONE-
HALF INCHES IN DIAMETER AND ONE INCH IN LENGTH, UNDIS-
TURBED SAMPLES OF IN-PLACE 50ILS ARE TESTED IN RINGS
TAKEN FROM THE SAMPLING DEVICE IN WHICH THE SAMPLES
WERE OBTAINED. LLOOSE SAMPLES OF S0ILS TO BE USED IN
CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO

PREDETERMINED CONDITIONS AND TESTED.

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY

DEAD LOAD-PMEUMATIC
CONSOL | DOMETER

BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED TO THE

ENDS OF THE SAMPLE BY POROUS DISKS, THE DISKS ALLOW

DRAINAGE OF THE LOADED SAMPLE. THE AXIAL COMPRESSION OR EXPANSION OF THE SAMPLE IS

MEASURED BY A MICROMETER DIAL INDICATOR AT APPROPRIATE TIME INTERVALS AFTER EACH

LOAD INCREMENT IS APPLIED. EACH LOAD IS ORDINARILY TWICE THE PRECEDING LOAD. THE IN-

CREMENTS ARE SELECTED TO OBTAIN CONSOLIDATION DATA REPRESENTING THE FIELD LOADING

CONDITIONS FOR WHICH THE TEST IS BEING PERFORMED. EACH LOAD INCREMENT IS ALLOWED TO

ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE TYPE AND EXTENT OF THE SOIL IN THE

FIELD.



417.1 (REV. 9-78)

C

MetHop OF PERFORMING Dinect SHEAR AND FricTioN TESTS

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE
THE SHEARING STRENGTHS OF SOILS, FRICTION TESTS
ARE PERFORMED TO DETERMINE THE FRICTIONAL RE-
SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE-
RIALS SUCH AS WOOD, STEEL, OR CONCRETE, THE TESTS
ARE PERFORMED IN THE LABORATORY TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

EACH SAMPLE IS5 TESTED IN A SPLIT SAMPLE HOQLDER,
TWO AND ONE-HALF INCHES IN DIAMETER AND ONE
INCH HIGH. UNDISTURBED SAMPLES OF IN-PLACE S0OILS

ARE EXTRUDED FROM RINGS TAKEN FROM THE SAM-

DIRECT SHEAR APPARATUS WITH
ELECTRONIC RECORDER

PLING DEYVICE IN WHICH THE SAMPLES WERE OB-
TAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-
STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

DirRECT SHEAR TESTS

A ONE-INCH LENGTH OF THE SAMPLE 1S TESTED IN DIRECT SINGLE SHEAR. A CONSTANT PRESSURE,
APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST 1S BEING PERFORMED,
IS APPLIED NORMAL TO THE ENDS OF THE SAMPLE THROUGH POROUS STONES. A SHEARING FAILURE
OF THE SAMPLE IS CAUSED BY MOVING THE UPPER SAMFPLE HOLDER IN A DIRECTION PERPENDICU-
LAR TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE LOWER SAMFLE HOLDER I8
PREYENTED.

THE SHEARING FAILURE IS ACCOMPLISHED BY APPLYING TO THE UPPER SAMPLE HOLDER A CON-
STANT RATE OF DEFLECTION, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENCTH OF THE SOILS IS
DETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.

FrictioNn TEsTs

IN ORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND THE SURFACES OF VARI-
OUS MATERIALS, THE LOWER SAMPLE HOLDER IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK
OF THE MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE
DIRECT SHEAR TEST BY FORCING THE SOIL OVER THE FRICTION MATERIAL SURFACE.
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. A DAMES & MOORE GROUP COMPANY

1750 S.W. Harbor Way, Suite 400

February 21, 1997 Portland, Oregon 97201
’ 503 228 7688 Tel

503 223 6083 Fax
Northwest Natural Gas

220 NW Second Avenue
Portland, OR 97209

Attn:  Mr. H. Jack Meyer

Re:  Exhibit N
Major Ecological Communities and Soil Types
Mist Underground Storage Project
Mist, Oregon

Dear Mr. Meyer:

Transmitted herewith are 15 copies of our report entitled Major Ecological Communities and Soil
Types, Mist Underground Storage Project, Mist, Oregon”. This report is intended to fulfil the
requirements of Exhibit N of the Mist Underground Storage Project site certificate amendment
application. This work was performed under Change Order 1 to Purchase Order No. 43642,
dated January 8, 1997.

Dames & Moore also performed a geotechnical investigation of the Mist gas storage site. The
results of the investigation, along with geotechnical conclusions and recommendations, are
summarized in a report dated January 24, 1997. The subsurface information developed during
the geotechnical investigation forms the basis for this current study.

We appreciate the opportunity to be of continued service. Please call if you have any questions
or need more information.

Very truly yours.

DAMES & MOORE

P

Senior Engineer

WP\0161\021 1003/DRS: 1ih/02114-016-016

Offices Worldwade
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Exhibit N
Major Ecological Communities and Soil Types
Miller Station Expansion and Pipeline Alignment
Mist Gas Storage Project
Mist, Oregon

1.0 INTRODUCTION

This exhibit presents the results of a ecological community and soil type evaluation for
the proposed expansion of the Northwest Natural Gas underground gas storage facility near Mist,
Oregon. The planned construction includes two turbine compressors (one in 1997 and one in
the future), approximately 2% miles of pipeline from the compressors to new wellsites in the
Calvin Creek storage pool, and four wellsites with injection/withdrawal wells. This exhibit
addresses major ecological communities and soil types as required in OAR 345-21-010(1)(n) for
energy facility site certification applications.

2.0 MAJOR ECOLOGICAL COMMUNITIES

Figure N-1 shows the extent of the major ecological community types within the project
area. The Mist Underground Storage Project will extend through five major ecological
community types. Both ends of the project are in second growth conifer forest ranging in age
from about 20 years to about 50 years. It also will go through two regenerating clearcut areas
with trees 5 to 10 years old. On the south side of the Nehalem Valley, the pipeline will cross
a stand of mixed conifer and deciduocus forest. Througb the Nehalem Valley it will traverse
cultivated hay and pasture fields. The Nehalem River crossing will be by directionat drilling,
so no additional ecological community will be affected at that point. Wetlands will be crossed
on each side of the valley and in two other limited areas. Each of these community types is
described below.

2.1 SECOND GROWTH CONIFER FOREST

Some of these forest stands are actually third generation rather than second from the
original logging, as they clearly contain two generations of stumps. Douglas fir (Pseudotsuga
menziesif) is the dominant tree species, joined in much lower numbers by western red cedar
(Thuja plicata), westemn hemlock (Tsuga heterophylla), and grand fir (Abies grandis). The
dominant understory is variable, but includes salmonberry (Rubus spectabilis), salal (Gaultheria
shallon), vine maple (Acer circinatum), long-leaved Oregon grape (Berberis nervosa), trailing
blackberry (Rubus ursinus), deer fern (Blechnum spicant), and sword fern (Polystichum
munitum).

Northwest Natral Gas February 21, 1997
Exhibit N - Major Ecological Communities and Soil Types DAMES & MOORE
Mist, Oregon 1 WP\W016402114103



2.2 MIXED CONI DECIDUOQUS FOREST

This stand is also a second-growth stand not more than 50 years old. The dominant tree
species include Douglas fir, bigleaf maple (Acer macrophyllum), western red cedar, red alder
(Alnus rubra), and western hemlock. The dominant understory species include the species listed
for the second growth conifer stands with the addition of ocean spray (Holodiscus discolor).

2.3 REGENERATING CLEARCUTS

The more recent clearcut harvest areas arc regenerating a forest cover dominated by
Dougtas fir with a scattering of other conifer species and deciduous species in places as in the
older second growth stands. The trees are mostly 5 to 10 years old, and the understory has
more species than the older stands. Additional understory species include Himalayan and
evergreen blackberries (Rubus discolor and R. laciniatus), blackcap (Rubus leucodermis),
bracken fern (Preridium aquilinum), fireweed (Epilobium angustifolium), and bleeding heart
(Dicentra formosa).

2.4 FARMED HAY AND PASTURE

The farmed areas crossed in the Nehalem Valley are dominated by grasses (mostly
introduced species). Species include smooth brome (Bromus inermis), tall fescue (Festuca
arundinacea), Kentucky bluegrass (Poa pratensis), perennial rye (Lolium perenne), and redtop
(Agrostis alba). The river shores have willows (Salix sitchensis) as dominants.

2.5 WETLANDS

Most of the wetlands crossed by the pipelines are palustrine emergent wetlands that have
been severely affected by man’s activities. One has a logging road through its length and is
dominated by common or soft rush (Juncus effusus). Another is in a pasture and is dominated
by creeping buttercup (Ranunculus repens) and redtop grass. One is in a hay field dominated

by the hay grass species.

One wetland, located north of the hay field and Highway, is part of a larger wetland
complex with at least three types of cover. At the location of the crossing, the wetland is
dominated by slough sedge (Carex obnupta) and has standing water scasonally. One edge is
shrub dominated, the main shrub species being ninebark (Physocarpus capitatus). Elsewhere
in the wetland complex (outside the construction corridor) parts are dominated by willows (Salix
lasiandra and S. sitchensis). This wetland is crossed by an existing gas pipeline near the
proposed crossing location, which was installed about 10 years or imore ago. The vegetative

Northwest Nawral Gas February 21, 1997
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cover has completely recovered, leaving no sign of the earlier disturbance. There is also an
adjacent access road that crosses the wetland using a culvert to pass the water flow in the
wetland. This wetland appears to be excellent habitat for amphibians and birds.

3.0 SOILS

The Mist Underground Storage Project will extend through ten soil types. The following

sections provide brief descriptions of these soil types from the U.S.D.A. Soil Conservation
Service’s Soil Survey of Columbia County. The index numbers preceding the soil group names
are conventional S.C.S. map unit symbols. Figure N-2 shows the extent of the soil types within
the project.

7D

20

Bra un- nia silt loams 0 percent slope: Typically, the Braun surface layer is
dark brown silt Joam about 4 inches thick. The subsoil is dark brown and dark yellowish
brown silt loam about 26 inches thick over fractured soft siltstone. Depth to the soft
rock ranges from 20 to 40 inches. The subsoil is 25 to 60 percent soft rock fragments.
Permeability is moderate. Available water capacity is about 3 to 6 inches. Effective
rooting depth is 20 to 40 inches. Runoff is medium to rapid, and the hazard of water
erosion is high,

Typically, the Scaponia surface layer is dark brown silt loam about 7 inches thick. The
subsoil is dark brown and dark yellowish brown siit loam about 25 inches. The
substratum is dark brown silt loam about 10 inches thick over soft siltstone. Depth to
the soft siltstone ranges from 40 to 60 inches. The subsoil is 25 to 60 percent soft rock
fragments. Permeability is moderate. Available water capacity is about 6 to 9 inches.
Effective rooting depth is 40 to 60 inches. Runoff is medium, and the hazard of water
erosion is high. This unit is mainly used for timber production. It is also used for
recreation and wildlife recreation.

This type of soil is found at Miller Station and along the roadway segment of the pipeline
alignment.

Eilertsen silt loam: Typically, the surface layer is very dark brown and very dark
grayisb brown silt loamn about 17 inches thick. The upper 8 inches of the subsoil is dark
brown silty clay and the lower 24 inches is dark yellowish brown silt loam and brown
loam. The substratum to a depth of 60 inches or more is brown fine sandy loam.
Permeability is moderate. Available water capacity is about 10 to 12 inches. Effective
rooting depth is 60 inches or more. Runoff is slow, and the hazard of water erosion is

Northwest Natural Gas February 21, 1997
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26C

30D

32

slight. This unit is used for hay, pasture, timber production, homesites, recreational
development, and wildlife habitat. '

This type of soil is found along the pipeline alignment both north and south of the
Nehalem River .

Kenusky silty clay loam. O to 15 percent slopes: Typically, the surface layer is black,
mottled silty clay loam and silty clay about 13 inches thick. The upper 6 inches of the

subsoil is dark gray, mottled silty clay, and the lower 25 inches is dark gray, mottled
clay. The substratum to a depth of 60 inches or more is grayish brown, distinctly
mottled clay. Permeability is slow to a depth of 19 inches and very slow below this
depth. Available water capacity is about 3 to 4 inches. Effective rooting depth is limited
by the water table. Runoff is slow to medium, and the hazard of water erosion is slight
to moderate. Water is perched above the claypan in November through May. This unit
is used for wildlife habitat, timber production, and recreation.

This type of soil is found along the wellsite gathering line alignment.

Mayger silt loam, 3 to 30 percent slopes: Typically, the surface layer is very dark
grayish brown and dark brown silt loam about 11 inches thick. The upper 6 inches of

the subsoil is dark yellowish brown silty clay loam, and the lower 21 inches is grayish
brown, mottled silty clay. The substratum to a depth of 60 inches or more is grayish
brown, mottled clay. Permeability is moderately slow to a depth of 38 inches and very
slow below this depth. Available water capacity is about 5 to 7 inches. Effective rooting
depth is 20 to 40 inches. Runoff is medium, and the hazard of water erosion is
moderate. Water is perched above the claypan at a depth of 18 to 36 inches in winter
and spring. This unit is used for timber production, wildlife habitat, and recreation.

This type of soil is found along the pipeline alignment south of the Nehalem River, along
the wellsite gathering line alignment, and at several wellsite locations.

McNuity silt loam: Typically, the surface layer is very dark grayish brown and dark
brown silt loam about 9 inches thick. The upper 14 inches of the subsoil is dark brown
silt loam, and the lower 9 inches is dark brown loam. The upper 8 inches of the
substratum is dark yellowish brown sandy loam, and the lower part to a depth of 60
inches or more is dark yellowish brown silt loam. Permeability is moderate. Available
water capacity is about 8 to 11 inches. Effective rooting depth is 60 inches or more.
Runoff is slow, and the hazard of water erosion is moderate along streambanks or barren
soil areas. Thus soil is subject to flooding during prolonged, high-intensity storms.

Northwest Natural Gas February 21, 1997
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Channeling and deposition are common along streambanks. This unit is used for hay,
L pasture, recreational development and wildlife habitat.

This type of soil is found along the pipeline alignment both north and south of the
Nehalem River.

37 Nata! silty clay foam: Typically, the surface layer is black silty clay Ioam about 9 inches
thick. The subsoil is mottled, very dark grayish brown and dark grayish brown silty clay
about 31 inches thick. The substramum to a depth of 60 inches or more is mottled, very
dark grayish brown and dark grayish brown silty clay. Permeability is slow. Available
water capacity is about 9 to 11 inches. Effective rooting depth is limited by a seasonal
high water table that is at a depth of less than 1 foot from November througb May.
Runoff is very slow or ponded and the hazard of water erosion is slight. This unit is
used for hay, pasture, recreation, homesite development, and wildlife hahitat.

This type of soil is found along the pipeline alignment north of the Nehalem River.

49E  Scaponia-Braun silt Joams, 30 to 60 percent north slopes: Typically, the Scaponia
surface layer is dark hrown silt loam ahout 7 inches thick, The subsoil is dark brown

and dark yellowish hrown silt loam about 25 mches thick. The substratum is dark brown

L silt loam about 10 inches thick over fractured, soft siltstone. Depth to soft rock ranges
from 40 to 60 inches. The suhsoil is 30 to 55 percent soft siltstone fragments.
Permeability is moderate. Available water capacity is about 6 to 9 inches. Effective
rooting depth is 40 to 60 inches. Runoff is rapid, and the hazard of water erosion is
high.

Typically, the Braun surface layer is dark brown silt loam about 4 inches thick. The
subsoil is dominantly dark yellowish brown silt loam about 26 inches thick over
fractured, soft siltstone. Depth to the soft rock ranges from 20 to 40 inches. The
subsoil is 25 to 60 percent soft siltstone fragments. Permeability is moderate. Available
water capacity is about 3 to 6 inches. Effective rooting depth is 20 to 40 inches. Runoff
is very rapid, and the hazard of water erosion is high. This unit is mainly used for
timber production. It is also used for recreation and wildlife recreation.

This type of soil is found along the pipeline alignment south of the Nehalem River, along
the wellsite gathering line alignment, and at wellsite locations.

¢
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58

62D

Scaponia-Braun silt loams, 30 to 60 percent south slopes; Typically, the Scaponia
surface layer is dark brown silt loam about 7 inches thick. The subsoil is' dark brown

and dark yellowish brown silt loam about 25 inches thick. The substratum is dark brown
silt loam about 10 inches thick over fractured, soft siltstone. Depth to soft rock ranges
from 40 to 60 inches. The subsoil is 30 to 55 percent soft siltstone fragments.
Permeability is moderate. Available water capacity is about 6 to 9 inches. Effective
rooting depth is 40 to 60 inches. Runoff is rapid, and the hazard of water erosion is
high.

Typically, the Braun surface layer is dark brown silt loam about 4 inches thick. The
subsoil is dominantly dark yellowish brown silt loam about 26 inches thick over
fractured, soft siltstone. Depth to the soft rock ranges from 20 to 40 inches. The
subsoil is 25 to 60 percent soft siltstone fragments. Permeability is moderate. Available
water capacity is about 3 to 6 inches. Effective rooting depth is 20 to 40 inches. Runoff
is very rapid, and the hazard of water erosion is high. This unit is mainly used for
timber production. It is aiso used for recreation and wiidlife recreation.

This type of soil is found at Miller Station, along the wellsite gathering line alignment
and at several wellsite locations.

Treharne silt loam: Typically, the surface layer is very dark grayish brown and dark
brown silt loam about 15 inches thick. The upper 14 inches of the subsoil is brown silty
clay loam, and the lower 12 inches is mottled, brown siity clay loam. The substratum
is mottled, dark grayish brown silty clay loam about 14 inches thick over dark gray silty
clay that extends to a depth of 60 inches or more. Permeability is moderately slow.
Available water capacity is about 10 to 12 inches. Effective rooting depth is 60 inches
or more. Runoff is very slow, and the hazard of water erosion is slight. The water table
is at a depth of about 24 to 36 inches in winter and early spring. This unit is used for
hay, pasture, timber production, homesites, recreational development, and wildlife
habitat.

This type of soil is found along the pipeline alignment north of the Nehalem River.

Vernonia silt loam, 3 to 30 percent slopes: Typically, the surface layer is very dark
grayish brown and dark brown silt loam about 9 inches thick. The subsoil is dark brown

silt loam and silty clay loam about 43 inches thick. Sedimentary rock is at a depth of
52 inches. Depth to bedrock ranges from 40 to 60 inches. Permeability is moderately
slow. Available water capacity is about 8 to 12 inches. Effective rooting depth is 40
to 60 inches. Runoff is medium to rapid, and the hazard of water erosion is medium to

Northwest Namral Gas February 21, 1997
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high. This unit is used for timber production, recreational development, and wildlife
habitat. '

This type of soil is found along the wellsite gathering line alignment and at Wellsite

locations.
L 2K 2
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‘ U 53-96 1

Columbia County Planning Commission
STAFF REPORT

I .

FILE NUMBER: CU 53-96

APPLICANT/IOWNER:  Northwest Natural Gas Company
220 NW Second Avenue
Portland, OR 97209

AGENTS: Michael C. Robinson
Peter D. Mostow
Stoel Rives LLP
900 SW Fifth Avenue, Ste. 2300
Portland, OR 97204-1268

PROPERTY LOCATION: Miller Station, about 3 mites northwest of Mist.
&-REQUEST: To replace two 550-hp compressors with one 3950-hp compressor at a
gas processing facifity on a parcel of 12.23 acres in the PF-76 zone, for

which a Conditional Use Permit is required.

TAX ACCT. NUMBER: 6500-000-02501

ZONING: Primary Forest (PF-76)

APPLIC’N. COMPLETE: 1-6-97 120 DAY DEADLINE: 5-6-97
WAIVER SIGNED?: No.

BACKGROUND:

The applicants request approval to replace two 550-HP compressors with one 3950-HP
compressor at a gas processing facility on a 12.23 acre parcel in the Primary Forest PF-76 zone.
Surrounding properties are in forest use. There are several existing structures on the
property, which has access to South Mainline Road about 3 miles northwest of Mist. The topography
of the property is fairly gentie, sloping up from the road and then leveling off at the compressor site.
There are no flood plains or wetlands on the property (FEMA map 41009C0125 C)(Nat:onal
Wetlands Inventory, Clatskanie quad map). .
L The property is within the Mist-Birkenfeld Rural Fire Protection District.

1-22-97



‘ CU 53-96 2

FINDINGS:

The following sections of the Zoning Ordinance and state laws are pertinent to this application:
bia i i i i i

"Section 503 Conditional Uses: In the PF zone the following conditional uses and their
accessory uses are permitted subject to the provisions of Sections 504 and 505. A conditional
use shaill be reviewed according to the procedures provided in Section 1503.

2 Operations conducted for the exploration, mining, and processing of...mineral or
subsurface resources not permitted outright.”

Einding 1: Inthe PF-76 zone, an expansion of a mineral resources processing facility requires a
Conditional Use Permit.

Zoning Ordi Section 5C ires the following:

L "Section 504 All Conditional Uses Permitted In The PF Zone Shall Meet The Following
Requirements:

1 The use is consistent with forest and farm uses and with the intent and purposes set
forth in the Oregon Forest Practices Act.”

The Qregon Forest Practices Act (ORS Chapter 527) includes the qulgw. ing:

"527.630 Policy. (1) ...it is declared to be the public policy of the State of Oregon to encourage
economically efficient forest practices that assure the continuous growing and harvesting of
forest tree species and the maintenance of forest land for such purposes as the leading use
on privately owned land, consistent with sound management of soil, air, water and fish and
wildlife resources that assures the continuous benefits of those resources for future
generations of Oregonians.”

Einding2: The proposed use of the property is to replace two small compressors with one larger
one, to increase the efficiency of the natural gas injecting operation. This is on a site which has been
in non-forest use for many years. No forest land will be taken out of production and the site will not
be expanded; all new facilities will be well within the boundaries of the site. The above criteria do not
seem to apply to this request.

‘;’.

Continuing with Zoning Ordi Section 504:

1-22-87



‘ U 53-96
"2  The use will not significantly increase the cost, nor interfere with accepted forest

management practices or farm uses on adjacent or nearby lands devoted to forest or
farm use."”

Finding 3: The proposed use will not interfere with farm or forest uses on adjacent lands if
appropriate measures are taken to prevent fire from spreading to adjacent forests.

inuing wi i [ ion

"3  The use will be limited to a site no larger than necessary to accommodate the activity
and, as such will not materially alter the stability of the overall land use pattern of the
area or substantially limit or impair the permitted uses of surrounding properties. If
necessary, measures will be taken to minimize potential negative effects on adjacent
forest lands.”

Finding4: The proposed compressor building will be limited to a srnall area in the north central
part of the property. The overall land use pattern of the area is timber and natural gas production.
Appropriate measures will need to be taken to minimize the danger of fire spreading to adjacent

‘ forest lands.

Continuing with Zening Ordi Seation 504

"4  The use does not constitute an unnecessary fire hazard, and provides for fire safety
measures in planning, design, construction, and operation.”

Finding 5; Fire safety measures will need to be strictly enforced in planning, design, construction
and occupation of the new building. The site has many established fire detection and prevention

facilities on the site, including gas leak detectors, alamms, fire extinguishers, a 20,000 galion water
tank and an onsite fire truck.

Sontinuing with Zoning Ordi Section 504:

"5  Public dtilities are to develop or utilize rights-of-way that have the least adverse impact
on forest resources. Existing rights-of-way are to be utilized wherever possible.
Einding 6:  All public utilities are in place.

L ~ ontinuing with Zoning Ordi Section 504:

1-22-97



‘ CU 53-96 4

"6  Development within major and penpheral big game ranges shall be sited to minimize
the impact on big game habitat. To minimize the impact, structures shall: be located
near existing roads; be as close as possible to existing structures on adjoining lots; and
be clustered where several structures are proposed.”

Einding7: The area is a big game range, but this site is already developed into an industrial use;
‘the new building will not expand the site and will be clustered with other structures on the site.

rdinan i ir llowing:
"1503 Conditional Uses:
5 Granting & Permit: The Commission may grant a Conditional Use Permit after
conducting a public hearing, provided the applicant provides evidence substantiating

that all the requirements of this ordinance relative to the proposed use are satisfied and
demonstrates the proposed use also satisfies the following critena:

A. The use is listed as a Conditional Use in the zone which is currentiy applied to

L the site;"

Finding 8: The PF-76 zone lists "Operations conducted for the exploration, mining, and processing
of...mineral or subsurface resources not permitted outright” under Conditional Uses.

~ontinuing with Zoning Ordi Section 1503.5:

"B. The use meets the specific criteria established in the underlying zone:"

Finding 9: The critena of the PF-76 zone have been shown to be met in Findings 1 through 7.

Continuing with Zoning Ordi Section 1503.5:

"C.  The characteristics of the site are suitabie for the proposed use considenng size,
‘shape, location, topography, existence of improvements, and natural features;"

Einding 10: The property is located about 3 miles northwest of Mist and is 12.23 acres. The lotis
irregular in shape and the topography is gently sloping. There are many existing improvements on
the property, and the new compressor and its building will be amidst the other structures. The
- property is within the Mist-Birkenfeld Rural Fire Protection District.
b These appear to make the site suitable for the proposed new compressor.

1-22-97



‘ U 53-96 3
ontinuing wi nin i ion 1

"D. The site and proposed development is timely, considering the adequacy of
transportation systems, public facilities, and services existing or planned for the
area affected by the use.”

Einding 11: The only transportation system in the area is South Mainline Road, owned by Longview
Fibre and used mostly for log trucking. Public facilities are electnc power and telephone. These
appear to make the proposed use timely, as no new facilities will be required by the new compressor.

inui ith i rdi

"E.  The proposed use will not alter the character of the surrounding area in a
manner which substantially limits, impairs, or precludes the use of surrounding
properties for the primary uses listed in the underlying district;"

Einding 12; The surrounding area is in timber production. Thé proposed replacement compressor
will not alter the character of the area, as it will be entirely within the existing plant site.

&

"F.  The proposal satisfies the goals and policies of the Comprehensive Plan which
apply to the proposed use;"

Finding 13: The Columbia County Comprehensive Plan (CCCP) ENERGY SOURCES section

includes these findings (p.224):
“Potential conflicting uses for natural gas wells in the County are minimized by the controls
and regulations imposed by ODOGAM! [Oregon Department of Geology and Mineral
Industnes). They are also minimized since wells are located in remote forested areas and
surrounding property owners share in the profits of producing wells. The county will conserve
forest lands for forest uses and allow operations conducted for the exploration, mining, and
processing of subsurface resources as a conditional use. The County will rely on ODOGAMI
to insure future protection of resources and surrounding 1ands.”

The Energy Sources GOAL is (CCCP p.225):
“To protect deposits of energy materials in the County and prevent injury to surrounding lands
and residents.”

- The new compressor will be regulated by DOGAMI rules, and will be used to pressunze natural gas

for piping to and from Miller Station. This operation and the others at Miller Station have been
previously approved by the County as a way to prolong the useful life of the gas fields.

1-22-97



UU 53-36 6

ntinuing with i inan fon 1
"G. The proposal wili not create any hazardous conditions.”
Einding 14: The proposed new compressor will not be hazardous, as suitable precautions have
‘been taken to detect and control fire and to prevent its spread to surrounding forest lands. The new
compressor will be housed in a new metal frame, metal clad building and should not be a fire hazard.
inu ith in

"6 Design Review. The Commission may require the Conditional Use be subject to a site
design review by the Planning Commission."

Finding 15: A Site Design Review is required for the new building; see DR 21-96,

. . . .

b Qregon Revised Statutes: ORS Chapter 527, the Oregon Forest Practices Act, contains no
reguiations for gas wells or their production facilities.

Oregon Administrative Rules: OAR 660-06-025(4) reads:

“The foliowing uses may be allowed on forest lands subject to the review standards in
section (5) of this rule:

() Mining and processing of oii, gas or other subsurface resources...not otherwise
permitted under section (3)(m) of this rule (e.g., compressors, separators and storage
serving multiple wells)..."

QAR 880-06-025(5) sets out the following requirements for non-forest uses in forest lands:

“(a) The proposed use will not force a significant change in, or significantly increase
the cost of, accepted farming or forest practices on agricuttural or forest lands;”

Einding 16: The new compressor will be housed in a new building in the midst of existing structures
and facilities at Miller Station. There will be no new impacts on adjacent or nearby forest operations.

o e with OAR 550-06-02515

1-22-97



Uu 53-96 7
“{b) The proposed use will not significantly increase fire hazard or significantly

increase fire suppression costs or significantly increase risks to fir suppression
personnel; and”

Finding 17: The new building and compressor will inciude fire detection and suppression equipment
integrated with the existing comprehensive equipment on the site. The fire fighting nsks and costs
“should not be greater than the fire fighting risks and costs of the two compressors being replaced.

inuing with -06-

“(c) A wntten statement recorded with the deed or written contract with the county or
its equivalent is obtained from the land owner which recognizes the rights of
adjacent and nearby land owners to conduct forest operations consistent with
the Forest Practices Act and Rules...”

Finding 18: The recorded leases between the applicant and adjacent and nearby property owners

recognize their nghts to conduct forest operations with regard for, and without unnecessary harm to,

their forest and agricultural operations. Appliicant has offered to enter into a “written contract with the
tcounty” if required by the Planning Commission.

COMMENTS:

1. Larry Oblack, member of the Mist Birkenfeid CPAC, has no objection to approval of the
request as submitted.

2. ‘Dan E. Wermiel, Petroleum Geologist; Qil, Gas and Geothermal Regulation; Geologic
Services section; DOGAMI, has no objection to approval of the request as submitted.

No other comments have been received from government agencies or nearby property owners
as of the date of this staff report (January 22, 1997).
CONCLUSION AND RECOMMENDATION:
Based on the above findings, staff recommends approval of this request, with no conditions.
Note: ORS 671.025 requires that the plans and specifications for certain buildings in Oregon must
have the stamp on them of a registered architect or registered professional engineer. Exceptions are
(ORS 671.030(2):

1. Single family residential buildings.
2. Famn buildings.

1-22-97



UU 53-96 8

3. Accessory buildings to single family residences and farm buildings.

4. Buildings of 4,000 sq.ft. or less ground area.

5 Buildings with an interior height of 20" or less (top surface of lowest floor to highest

interior overhead finish).

6. Non-structural alterations or repairs to a building.
The structure proposed in this application may be subject to ORS 671 025 If $0, the plans submltted
for a building permit mu Ve ) | : C 2
on them.

pw

1-22-97
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Columbia County Planning Commission
STAFF REPORT

i eview -
_FILE NUMBER: DR 21-86°

APPLICANT/OWNER: Northwest Naturai Gas Company
220 NW Second Avenue
Portland, OR 97209

AGENTS: Michaei C. Robinson
Peter D. Mostow
Stoel Rives LLP
800 SW Fifth Avenue, Ste. 2300
Portland, OR 97204-1268

PROPERTY LOCATION: Miller Station, about 3 miles northwest of Mist.
‘ REQUEST: To replace two 550-hp compressors with one 3950-hp compressor at a
gas processing facility on a parcel of 12.23 acres in the PF-76 zone, for

which a Site Design Review is required.

TAX ACCT. NUMBER:  6500-000-02501

ZONING: Primary Forest (PF-76)

APPLIC'N. COMPLETE: 1-6-97 120 DAY DEADLINE:  5-6-97
WAIVER SIGNED?: No.

BACKGROUND:

The applicants request approval to replace two 550-HP compressors with one 3950-HP
compressor at a gas processing facility on a 12.23 acre parcel in the Primary Forest PF-76 zone.
Surrounding properties are in forest use. There are several existing structures on the
property, which has access to South Mainline Road about 3 miles northwest of Mist. The topography
of the property is fairly gentle, sloping up from the road and then leveling off at the compressor site.
There are no flood plains or wetlands on the property (FEMA map 41009C0125 C)(Nationali
Wetlands Inventory, Clatskanie quad map).
Lr The property is within the Mist-Birkenfeld Rural Fire Protection District.

1-22-97
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.

FINDINGS:
The following sections of the Columbia County Zoning Ordinance are pertinent to this application:

*1550 Site Design Review: The Site Design Review process shali apply to ali new
development, redeveiopment, expansion, or improvement of all Community, Governmentai,
Institutional, commercial and industrial uses in the county..."

Finding 1: The proposed expansion of this industral facility requires a Site Design Review.

inuing wi i i inan

"1550.5 Site Analysis Submittal (Existing Site Plan). The site analysis will provide the basis
for the proper design relationship of the proposed deveiopment to the site and to adjacent
properties. The degree of detail in the analysis shall be appropriate to the scale of the

proposal, or to special site features requiring careful design... A site analysis plan shall
include:

A, A vicinity map showing location of property in relation to adjacent properties, roads,
pedestrian and bikeways, and utility access. Site features, manmade or natural, which
cross property boundaries are to be shown.

B. A site descnption map at a suitable scale (i.e. 1"=100", 1"=50"; or 1"=20') showing parcel
boundaries and gross area, including elements, when applicable:

1. Contour lines at the following minimum intervals:

a. Two (2) foot intervals for slopes 0-20%;
b. Five (5) or ten (10) foot intervals for slopes exceeding 20%;
c. Identification of areas exceeding 35% slope.
2. Slope analysis showing portions of the site according to slope ranges as follows:

0-1-%, 10-20%, 20-35%, 35-50%, and 50%+. Approximate area calculations
shall be made for areas more than 20% using the above categones. In special
areas, such as Open Space, a more detailed slope analysis may be required.
Sources for slope analysis include maps located at the U.S. Soil Conservation
Service office.

3. Drainage, including adjacent lands.

1-22-97



‘ DR 21-96

4. Potential natural hazard areas, including potential flood or high ground water,
landslide, erosion, drainageways, and weak foundation soils. An engineenng
geologic study may be required, pursuant to Section 206.
5. Marsh or wetland areas, underground springs, wildlife habitat areas, wooded
areas, and surface features, such as mounds, large rock outcroppings.
6. Streams and stream corridors.
7. Location of wooded areas, significant clumps or groves of trees and specimen
conifers, oaks and other farge deciduous trees.
8. Noise sources.
S. Sun and wind exposure.
10.  Significant views.
11.  Existing structures, improvements, utilities, and easements, or other
‘ development.”
Finding 2.  Applicants have submitted maps, plans and wrtten materials to satisfy the above
requirements.
rdi
“1550.6 Preliminary Site Plan Submitfal (Proposed Site Plan). A complete application for

design review shall be submitted. A project summary shall accompany when necessary to
describe special circumstances, such as a request for minor exception to a development
standard. Preliminary submittal shall include the following plans, which may be combined, as
appropriate onto one or more drawings:

A

1-22-97

Site Plan: The site pian shall be drawn at a suitable scale (i.e. 1"=100", 1"=50', or
1"=20") and shall inciude the following:

1.

The applicant's entire property and the surrounding area to a distance sufficient
to determine the relationships between the applicant's property and the proposed
development and adjacent property and development;

Boundary lines and dimensions for the property and all proposed lot lines.
Future buildings in phased developments shall be indicated;



UR 21-96

t 10.

11.
12.
13.

14,

Identification information, including names and addresses of project designers;
Natural features which wilt be utilized in the site pian;

Location, dimensions, and names of all existing or piatted streets or other public
ways, easements, railroad rights-of-way, on or adjacent to the property, county

limits, section lines and corners, and monuments;

Location and dimensions of all existing structures, improvements, or utilities to
remain, and structures to be removed; all drawn to scale.

Historic structures (County inventory);

Approximate location and size of storm water retention or detention facilities and
storm drains;

Location and exterior dimensions of all proposed structures, and impervious
surfaces;,

Location and dimension of parking and loading areas, pedestrian and bicycle
circulation, and related access ways. Individual parking spaces shali be shown;

Orientation of structures showing windows and doors, entrances and exits;
Lighting (specify type);
Service areas for waste disposal, recycling, loading and delivery;

Location of mail boxes.”

Einding 3: Applicants have submitted maps, plans and written matenals to satisfy the above

requirements.

Sontinuing with Section 1550.6 of the Zoning Ordi _

"B. Grading Plans: A preliminary grading plan indicating where and to what extent grading
will take place, including general contour lines, slope ratios, slope stabilization
proposals, and natural resource protection proposals.”

‘l Finding4: Grading plans have not been submitted. The site of the new compressor building will
leveled and a new retaining wall will be built south of the site and new driveway.

1-22-97
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C

io .6 of th nin

"C. Archi ral win

1.

2.

3.

Building elevations and sections;
Building materials (color and type);

Floor plan.”

Finding 5:  All of the above drawings have been submitted. The buiiding will be a stee! frame
structure with steel paneis matching the existing buildings in matenals and colors.

tinuing wi ion 1 f th i inan

"D. Landscape Plan. The landscape plan shall be at the same scale as the site plan. All
identification information required on the site pian shall be shown on the landscape and
open space plan. It shall show:

¢ 3

2.

1-22-97

Property and lot boundaries and nights-of-way;
Structures and impervious surfaces, inciuding parking lots;

General landscape deveiopment pian, including the location of existing plants
and groups of plants proposed;

Description of soil conditions and plans for soil treatment such as stockpiling of
topsoil, addition of soil amendments, and plant selection requirements relating to
soil conditions;

Erosion controls, including plant materials and soil stability, if any;

irigation system (underground sprinklers or hose bibs);

Landscape related structures such as fences, terraces, decks, patios, shelters,
piay areas, etc.;

Boundanes of open space, recreation or reserved areas to remain, access to
open space and any alterations proposed;

Location of pedestrian or bikeway circulation with landscaped area.” |
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Finding 8. There will be no new landscaping.
ntinuing wi i . ing Ordinan
"E igns

a. Location of sign on site plan;

b. Elevation of sign (indicate size, total height, height between bottom of sign
and ground, color, matenals, means of illumination;

2. ~buildi ign:

a. Building elevation with location of sign (indicating size, color, matenais
and means of illumination);

‘ b. Plot plan showing location of signs on building in relation to adjoining
property.”

Einding 7:  There will be no new signs.

COMMENTS:

1. Larry Oblack, member of the Mist Birkenfeld CPAC, has no objection to approval of the
request as submitted.

2. Dan E. Wemniel, Petroleum Geologist; Oil, Gas and Geothemnal Regulation; Geologic
Services section; DOGAMI, has no objection to approval of the request as submitted.

No other comments have been received from government agencies or nearby property owners
as of the date of this staff report (January 22, 1997).
CONCLUSION AND RECOMMENDATION:
Based on the above findings, staff recommends approval of this request, with no conditions.
‘_ Note: ORS 671.025 requires that the plans and specifications for certain buildings in Oregon must

ave the stamp on them of a registered architect or registered professional engineer. Exceptions are
(ORS 671.030(2):

1-22-97



1 Single family residential buildings.
2. Famm buildings.
3. Accessory buildings to single family residences and farm buildings.
4 Buitdings of 4,000 sq.ft. or less ground area.
5 Buildings with an interior height of 20" or less (top surface of lowest floor to highest
intenor overhead finish).
- 6. Non-structural alterations or repairs to a building.
The structure proposed in this apphcatnon may be sub]ect to ORS 671. 025 rf so, the pians submltted
for a building permit must have MY 3 3 g
on them.

pw
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COLUMBIA COUNTY |
LAND DEVELOPMENT SERVICES

‘. ST, HELENS, OREGOM ¥I031

PeORE {503} 37-1301
General App‘n. File No.b-R 21~ 9é

GENERAL LAND USE PERMIT APPLICATION
TYPE OF PERMIT: Zone Change Temporary Permit

X _Site Design Review Resource Management Plan

Qther; Improvements to facilities used in processing subsurface resources.

APPLICANT: Name: Northwest Natural Gas Company (Attn: Ms. Carla Kelley)

Mailing address: 220 NW Second Avenue, Portland, OR 97209

Phone No.: Office (503) 721-2441 Home N/A

Are you the _X __property owner? owner's agent?
PROPERTY OWNER: _x  same as above, OR:

Name:

‘- Mailing Address:

.PROPERTY ADORESS (if assigned): Tax Lot 250IN, Section 11, T6N, RSW

oS00 — 0T — O25 0|

TAX ACCOUNT NO.: 2501

Acres;_12.23 Zoning,____PF-76

Acres: Zoning:

| Acres: Zoning:;
 PRESENT USES: (farmn, forest, bush, residential, etc.) '

Natural Gas 'Processing Facility 12.23 ;
Total acres (must agree with above) 12.23
9-12-95 ]
P 'd
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COLUMBIA COUNTY
LAND DEVELOPMENT SERVICES

‘ COURTHOUSE
ST. HELENS, OREGON 97051

(503)357-1501

FINAL ORDER and APPEAL INFORMATION

Applicant: NW Naturai Gas File Number: CU 53-96
Planner: Pete Watson Notice Date: February 12, 1997
Appeal Body:

{1 Planning Commission, for appeal of an administrative decision; file this appeal in the Land
Development Services office, ground floor, Courthouse Annex, St. Helens, OR 97051;

[X] Board of County Commissioners, for appeal of a Planning Commission decision; file this
appeal in the Office of the County Clerk, Second Fioor, Courthouse Annex, St. Helens, OR
97051. :

Attached is the FINAL ORDER on the application listed above. This decision, or any part of it, or any
condition attached to it, may be appealed to the Appeal Body noted above,

; b ithin 1 [ rda f L , the date this notice was
‘ Tailed to the applicant and to other persons entitled to notice.

if an appeal is filed, and after notice is given according to state and county laws, a de novo (new) public
hearing will be held by the Appeal Body at their earliest available regular meeting. All interested parties
will have an opportunity to appear and be heard.

If an appeal is not filed, this decision will become final 10 days after the above Notice Date.
Until the appeal period expires, the applicant may not take action on the application.

PLEASE NOTE: An appeal may be filed oniy by persons who have legal "standing”. Please see
C