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EXECUTIVE SUMMARY

This Technical Report on Earth was prepared to address the issues associated with earth
as outlined in the Potential Site Study (PSS) - BP Cherry Point Cogeneration Project
issued by the Washington State Energy Facility Site Evaluation Council (EFSEC) by
Shapiro and Associates, Inc. (September 28, 2001). The BP Cherry Point Cogeneration
Project (Cogeneration Project) is a proposed 720-megawatt cogeneration facility.

The proposed Cogeneration site is located in western Whatcom County, Washington,
adjacent to the existing BP Cherry Point Refinery (Refinery) and within Township 39N,
Range 1E, northwest quadrant of Section 8. A vicinity map is provided in Figure 1.0-1
that depicts the location of the Cogeneration Project and surrounding areas. The nearest
towns are the City of Ferndale located approximately 6 miles to the southeast and the
City of Blaine located approximately 7 miles to the north. The nearest salt-water body is
the Strait of Georgia (at Cherry Point) located approximately 2 miles to the southwest.
Point Whitehorn and Birch Bay both form prominent shoreline features along the Strait
of Georgia and are located approximately 3 miles west and 2 miles northwest,
respectively. The nearest significant freshwater is Lake Terrell located approximately 2
miles to the southeast, and Terrell Creek, which drains Terrell Lake and passes within 1
mile to the east and 0.5 miles to the north of the proposed Cogeneration Project.
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TERMS AND DEFINITIONS

Aftershocks An earthquake that follows a larger earthquake and
originates at or near the focus of the latter.

Alluvial Pertaining to or composed of alluvium, or deposited by a
stream or running water.

Alluvium A general term for dentrital deposits made by streams on
riverbeds, floodplains, and alluvial fans.

Anticline A fold, generally convex upward, whose core contains the
statigraphically older rocks

Basalt A dark colored rock igneous rock, commonly extrusive,
composed primarily of calcite plagioclase and pyroxene

Bedrock A solid rock that underlies gravel, soil, or other superficial
material.

Drift deposit A general term applied to unconsolidated geologic
materials that were transported from one place and
deposited in another.

Fault A fracture or fracture zone along which there has been
displacement of the sides relative to one another parallel to
the fracture.

Fold A bend or plictation in the bending, foliation, cleavage, or
other planer features in rocks.

Formation A body of rock strata that consists dominantly of a certain
lithologic type or combinations of types.

Groundwater That part of subsurface water that is in the zone of
saturation.

Hydraulic Conductivity The rate of flow of water in gallons per day through a
cross-section of one foot square under a unit hydraulic
gradient.

Intensity Measure of effects of earthquake waves on human beings,
structures, and earth’s surface at a particular place.

Interbed A bed, typically thin, of one type of rock material
occurring between or alternating with beds of another
kind.

Interstade A warmer substage of a glacial stage, marked by a
temporary retreat of the glacier.

Isopach Map A map that shows the thickness of a bed, formation, sill or

other tabular body throughout a geographic area by means
of isopachs at regular intervals.
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Isoseismal Points of equal earthquake intensity

Liquefaction The transformation of a soil from a solid to a liquid state as
the result of increased pore pressure.

Loess Deposits of wind-borne dust.

Magnitude Measure of total energy released by an earthquake.

Mass-Wasting A general term for the downslope movement of soil and
rock material under the direct influence of gravity.

Piezometer A basic device for the measurement of hydraulic head at a
given point.

Pyroclastic Pertaining to clastic rock formed by volcanic explosion or
aerial expulsion from a volcanic vent.

Sedimentary Pertaining to or containing sediment, or formed by its
deposition.

Seismic Pertaining to an earthquake or earth vibration, including
those that are artificially induced

Seismicity The likelihood of an area being subjected to earthquakes.

Siltstone An indurated silt having the texture and composition of
shale but lacking the fine lamination or fissility.

Stade A colder substage of a glaciation, marked by a readvance

Static Water Level

Subduction Zone

Syncline
Tectonic

Tephra

Tsunami

Volcarniclastic

Volcanism

of the glacier.

Water levels at equilibrium or steady state condition

A long, narrow belt in which in which one lithospheric
plate descends relative to another.

A fold, generally concave upward, whose core contains
statigraphically younger rocks

Pertaining to the forces involved in, or the resulting
structures of tectonics.

Pyroclastic materials that fly from an erupting volcano
through the air before cooling, and range in size from fine
dust to massive blocks.

A large wave in the ocean generated at the time of an
earthquake; sometimes called a seismic sea wave.

Pertaining to a clastic rock containing volcano material in
whatever proportion, and without regard to its origin or
environment.

The process by which magma and its associated gas rise
into the crust and are extruded onto the earth’s surface and
into the atmosphere.
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1. TOPOGRAPHY

The proposed Cogeneration Project site is situated at an elevation of approximately 120
feet above mean sea level (amsl). The land surrounding the proposed Cogeneration
Project is relatively flat and owned by BP for at least 0.5 miles in all directions. The
closest resident is about 0.75 miles north from the proposed Cogeneration Project. Prior
to construction of the Refinery in 1969 the land was used for agriculture. Land north of
Grandview Road and north of the proposed Cogeneration Project is used by BP for
habitat enhancement and for buffering industrial operations. Terrell Creek is located
within BP’s habitat enhancement area north of the Cogeneration site. The creek runs
through a shallow, narrow depression, which is 10 to 15 feet lower in elevation than the
surrounding area. Nearby industries other than the Refinery include Chemco, about
0.75 miles east, at an elevation of about 160 feet amsl, and Praxair, about 1.0 miles south
of the proposed Cogeneration Project, at a similar elevation.

The proposed Cogeneration Project site is depicted on a topographic map in Figure 1.0-2
and in detail in Figure 1.0-3. As shown on the figures the topography slopes toward the

northwest. Existing slopes range from 0.5% to 1%. Therefore, no significant topographic
modifications will be required to prepare the site. No modifications to drainage patterns
will occur as described in Appendix F: Technical Report on Water.
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2. GEOLOGY
2.1 Regional Geology

2.1.1 Physiography

The proposed Cogeneration Project site lies entirely within the northern por
Puget Trough section of the Pacific Border physiographic province (Fennen
The proposed Cogeneration Project site is situated in that part of the Puget |
known as the Whatcom Basin (or Fraser Lowland). The Puget Trough is bo
east by the Cascade Range, on the west by the Vancouver Island Ranges ang
Mountains, and on the north by the Coast Mountains (British Columbia). Fj
depicts the regional physiography surrounding the proposed Cogeneration

The Whatcom Basin is characterized by hummocky glaciomarine drift plain;
level glaciofluvial terraces that have large bogs; and rolling drift-capped up
overlooking the broad flood plain of the Nooksack River (Goldin, 1992).

Whatcom Basin, Fraser Lowland, and northern Puget Lowland refer to the g
physiographic areas and are used interchangeably in this report.

21.2 Generalized Geologic History

[t is widely thought that approximately 200 million years ago, the supercont
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a result, the North American continent began moving westward causing the|
Crust to subside beneath the western margin of the North American plate. |
time, subcontinents were accreted to the western margin of North America {
various exotic terranes. Much of the north Cascade Range and Vancouver I3
composed of these terranes.

At the beginning of the Eocene (approximately 57 million years ago), the reg
covered by a vast alluvial floodplain with a vegetative cover of lowland sem
rain forest. This resulted in the deposition of the Chuckanut Formation with
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transpressional, initiating folding and thrusting of the Chuckanut Formation (Roberts,

1999). The sandstones, conglomerates, shales, and coal deposits of the Chuc

Formation are exposed in the Chuckanut Mountains along the southern mar|

Whatcom Basin immediately south of Bellingham (Easterbrook, 1976).

The region experienced many episodes Cordilleran ice sheet advancement d

Pleistocene (Armstrong and others, 1965; Easterbrook and others, 1967; Eastg
1994). The Puget Lowland geologic-climate succession (after Easterbrook, 19
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Fraser Glaciation

o Sumas Stade
o Everson Interstade
o Vashon Stade
o Evans Creek Stade
¢ Olympia Interglaciation
¢ Salmon Springs Glaciation
¢ Puyallup Interglaciation
e Stuck Glaciation
e Alderton Interglaciation
¢ Orting Glaciation

The geologic-climate units include two major units, the Olympia Interglaciation and the
Fraser Glaciation. The Fraser Glaciation represents the most important in terms of the
surficial deposits in the area of the proposed Cogeneration Project site.

The Olympia Interglaciation started at least 36,000 years ago and continued until the
advance of the Cordilleran ice sheet during the Fraser Glaciation into the Fraser lowland.
about 24,500 years ago. The ice sheet originated in the mountains of British Columbia,
mostly in the Coast Mountains and partly on Vancouver Island, and advanced
southward into the Puget Lowland as the Puget lobe. The Evans Creek stade represents
the early stage of the Fraser Glaciation where large alpine glaciers reached their
maximum extent and deposited drift in the mountains of western Washington. These
alpine glaciers were already in recession at the time of the advancement of the
Cordilleran ice sheet into the Puget Lowland. The Vashon Stade began with the
advancement of the Cordilleran ice sheet into the lowlands of southwestern British
Columbia and northwestern Washington. The ice sheet entered the Fraser Lowland
about 24,500 years ago and reached its maximum extent about 15 miles south of
Olympia about 15,000 years ago. The ice retreated from the southern Puget Lowland
about 13,500 years ago and permitted marine water to enter the area. Marine water
occupied the Strait of Georgia area and adjoining lowlands about 13,000 years ago.
(Armstrong and others, 1965).

The Everson interstade is characterized by the deposition of glaciomarine, marine, and
related deposits in the coastal lowlands of southwestern British Columbia and
northwestern Washington during the retreat of the Vashon ice (Armstrong and others,
1965). The Everson interstade occurred from about 13,000 to 10,000 years ago. During
the late stage of the recession, when the ice was no more than a few hundred feet thick,
marine waters entered the area, floating the ice. Glaciomarine drift was deposited
beneath the floating ice. These deposits are known as the Kulshan glaciomarine drift.
Several hundred feet of land emergence then occurred during which fluvial and
lacustrine sediments were deposited. These deposits are known as the Deming sand. A
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readvance of ice into northern Washington coincided with the submergencg
lowland and the entry of marine water with floating ice. As a result, a seco
glaciomarine drift was deposited in places 400 to 600 feet above sea level. T
deposits are known as the Bellingham glaciomarine drift. Radiocarbon datg
stratigraphic relationships suggest that 350 feet of emergence, 500-700 feet ¢
submergence, and emergence of 500-700 feet occurred in a period of only 1,

years. The changes in relative sea level during such a short period of time 1

resulted from a combination of isostatic uplift of the land, eustatic rise of se
superimposed on tectonic movement (Easterbrook, 1963).

The Sumas stade is characterized by the incursion of a valley glacier into th

Lowland during the final stages of emergence from the sea. The associated
deposits occur north and east of the proposed Cogeneration Project site.

2.1.3 Generalized Geology and Geologic Units

Quaternary glacial and nonglacial unconsolidated sediments primarily char
regional geology surrounding the proposed Cogeneration Project site. Olde
sedimentary rocks and crystalline rocks are exposed in the Cascade Range t
the Coast Range to the north, the Chuckanut Mountains to the southeast, th
Islands to the southwest, and the Gulf Islands and Vancouver Island to the 1
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sedimentary and crystalline rocks form a bedrock layer under the CogeneraFon Project

site. The focus of the discussion will be on the unconsolidated sediments ur
proposed Cogeneration Project site. Figure 2.1-2is a generalized surface ge
of the area surrounding the proposed Cogeneration Project site.

Igneous and metamorphic rocks present in mountains proximal to the What
include the pre-Devonian-age granitic and hornblende-rich rocks of the Tur]
Complex exposed in only a few localities (Lummi Island) and a pre-Jurassic
exposed in the Chuckanut Mountains to the southwest (Easterbrook, 1973 a;

Sedimentary rocks include the Paleocene to Late Cretaceous-age Chuckanut
and the Eocene-age Huntingdon Formation. The Chuckanut Formation inc]
sequence of sandstone, conglomerate, shale, and bituminous to sub-bitumin
The Chuckanut Formation makes up most of the Cascade foothills to the eas

Chuckanut Mountains to the southwest. The Huntingdon Formation was d

unconformably on the Chuckanut Formation. The Huntingdon Formation ¢
mostly sandstones and shales, similar to the Chuckanut Formation. Uncons
Quaternary deposits overlie the Chuckanut and Huntingdon Formations ovj

the lowland areas (Easterbrook, 1973 and 1976).
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water streams during the Vashon stade glacial advance. Esperance sand forms beds as
much as 45 feet thick that pinch out laterally. Vashon till was deposited as a lodgement
till at the base of the advancing glacier and overlies the Esperance sand. The Vashon till
is a compact mixture of pebbles and cobbles in a matrix of clay, silt, and sand. The
Vashon till forms a massive layer 10 to 30 feet thick that underlies much of the lowland
area (Easterbrook, 1973 and 1976).

Deposits of the Everson interstade underlie much of the area around the proposed
Cogeneration Project site. The Everson interstade deposits consist of two fossiliferous
glaciomarine deposits separated by a fluvial sand. From bottom to top, these units
include the Kulshan glaciomarine drift, the Deming sand, and the Bellingham
glaciomarine drift (Armstrong and others, 1965; and Easterbrook, 1973 and 1976).

The Kulshan glaciomarine drift consists of a fossiliferous blue-gray, unsorted, and
unstratified mixture of silt, clay, sand, and pebbles. The Kulshan drift is 25 feet or more
in thickness. The Kulshan drift was deposited on the sea floor as debris melted out from
glacial ice. The Kulshan drift is covered by younger deposits over most of the Fraser
Lowland and is exposed at sea cliffs along Bellingham Bay and the Strait of Georgia
(Armstrong and others, 1965; and Easterbrook, 1973 and 1976).

The Deming sand consists of brown, stratified, well-sorted, medium to coarse sand with
some layers of silt, clay, and gravel. The Deming sand is about 30 feet in thickness and
contains a peat bed near its base. The Deming sand was deposited as stream sediments.
The Deming sands occur continuously beneath upland areas east of Bellingham Bay
extending to Cedarville. The Deming sand is absent below other upland areas
indicating nondeposition or post depositional erosion. The Deming sand is covered by
younger deposits, typically Bellingham drift, over most of the Fraser Lowland and is
exposed at sea cliffs along Bellingham Bay (Armstrong and others, 1965; and
Easterbrook, 1973 and 1976).

The Bellingham glaciomarine drift consists of a fossiliferous blue-gray, unsorted, and
unstratified pebbly sandy silt and pebbly clay. The Bellingham drift is 70 feet or more in
thickness. The Bellingham drift was deposited on the sea floor as debris melted out
from glacial ice. The Bellingham drift mantles many of the upland areas and overlies the
Deming sand (Armstrong and others, 1965; and Easterbrook, 1973 and 1976).

Deposits of stratified sand and gravel mantle the Bellingham drift in places and were
likely the result of wave action reworking the Bellingham drift resulting in the removal
of most of the fine sediments. These sand and gravel deposits, where they occur, are 10
feet or less in thickness (Easterbrook, 1973 and 1976).

Sumas drift deposits fill most of the low-lying areas and valleys. These deposits include
outwash sand and gravel, terrace deposits, and silt and clay of estuarine origin. These
Sumas drift deposits do not occur beneath the area of the proposed Cogeneration Project
site but do occur in the low-lying area to the north and in the valley of the Nooksack
River to the east (Easterbrook, 1973 and 1976).
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Recent alluvial deposits occur in the Nooksack River floodplain to the east.
deposits occur along the Strait of Georgia and Bellingham Bay at the base o

Beach
f the sea cliffs

and form sand spits created by long shore currents (Sandy Point and Semiahmoo Spit).

Peat deposits occur in low-lying areas and depressions in floodplains, Sum
plains, and on the Bellingham drift (Easterbrook, 1973 and 1976).

2.1.4 Structural Geology

hs outwash

Between northern California and southern British Columbia, the convergent plate

boundary consists of fragments of the former Farallon plate that have been

converging on, colliding with, and subducting beneath the North American

largest of these oceanic plates is the Juan de Fuca plate. The Juan de Fuca p
beneath the North American plate along a zone known as the Cascadia sub
The Cascadia subduction zone is located approximately 200 miles west of t}
Cogeneration Project site. The arched subducted slab of the Juan de Fuca pl
between 25 and 40 miles beneath the Puget lowland (Galster and Laprade, 1

Beds of the Chuckanut and Huntingdon Formations, exposed southeast of {
Cogeneration Project site, have been folded into a series of north trending af
synclines. Erosion of these folded rocks over millions of years has eroded t}
resistant beds of shale and coal more rapidly then the more resistant sandst:
conglomerate beds (Easterbrook, 1973). A similar structure may exist below
unconsolidated Quaternary deposits.

Depth to bedrock surface beneath the unconsolidated Quaternary deposits ¥
considerably indicating a preglacial erosional surface of substantial relief. 7|
surface in the northern part of Whatcom County is much more deeply burie
in the southern part. Bedrock was encountered in a well west of Ferndale af
320 feet, and at 615 feet in a well north of Ferndale. Near Blaine, a well peng
feet of sediments without reaching bedrock (Easterbrook, 1973). The presen;
sequences of relatively undeformed Quaternary deposits in the lowland are
the underlying structure.

2.2 Site Geology

2.2.1 Site Geology and Stratigraphy

The Whatcom Basin consists of seven upland plateau areas and three lowlar
The proposed Cogeneration Project site is situated on the Mountain View U
the seven upland areas. Two lowland areas that include the Custer Trough
and the Nooksack River floodplain to the south bound the Mountain View {
(Newcomb and others, 1949; and Goldin, 1992).

To date, there have been no geotechnical or subsurface environmental inves
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investigations have been conducted at the adjoining BP Cherry Point Refine
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west. Several cross sections have been developed for the area surrounding the proposed
Cogeneration Project site and including the area of BP Cherry Point Refinery. Figure
2.2-1 depicts the locations of area wells and the cross-sections. These cross-sections are
included as Figures 2.2-2, 2.2-3, 2.2-4, and 2.2-5. Figures 2.2-2, 2.2-3, and 2.2-4 were
developed from local water well logs and monitoring well logs from the BP Cherry Point
Refinery investigations. Figure 2.2-5 cross-section was adapted from CH2MHIll, 1985.
Attachment A includes water well logs and Attachment B includes monitoring well logs
from the BP Cherry Point Refinery investigations.

Based on the cross-sections and other available information, the following stratigraphy
has been developed for the for the proposed Cogeneration Project site:

( @aternary

Sand and Gravel overlying the Bellingham Drift (Qbg): A thin mantle consisting
primarily of sand, from well sorted sand to silty sand. This unit is interpreted to
be wave reworked material from the Bellingham drift (Easterbrook, 1976). This
unit ranges up to 10 feet in thickness and may or may not be present at the
proposed Cogeneration Project site.

Bellingham Drift (Qb): The Bellingham glaciomarine drift consists of a fossiliferous
blue-gray, unsorted, and unstratified pebbly sandy silt and pebbly clay. The
Bellingham drift may be 70 to 80 feet in thickness below the proposed
Cogeneration Project site. The Bellingham drift includes an upper weathered
zone as much as 23 feet in thickness.

Deming Sand (Qd): The Deming sand consists of brown, stratified, well-sorted,
medium to coarse sand with some layers of silt, clay, and gravel. The Deming
sand may be 30 to 40 feet in thickness below the proposed Cogeneration Project
site. The Deming sand appears to be discontinuous or pinches out to the east
and northeast (Figures 2.2-3 and 2.2-4).

Kulshan Drift (Qk): The Kulshan glaciomarine drift consists of a fossiliferous blue-
gray, unsorted, and unstratified mixture of silt, clay, sand, and pebbles. The
Kulshan drift may be as much as 100 to 120 feet in thickness at the proposed
Cogeneration Project site. In some cases, this unit was not distinguishable in the
well logs. In these cases, the Kulshan drift was lumped into the undifferentiated
sedimentary deposits (Qu).

Undifferentiated sedimentary deposits (Qu): These are unconsolidated sedimentary
deposits that were not separated or were not distinguishable on the well logs.
The unconsolidated sedimentary deposits may include the Kulshan drift, Vashon
till, Esperance sand, and other glacial and nonglacial sediments below the
Bellingham drift.
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Pre-Quaternarv

Undifferentiated sedimentary rock (TMu): These are Tertiary-Mesozoic
rocks (bedrock) that were encountered in wells to the north and nor
proposed Cogeneration Project site (Figures 2.2-2 and 2.2-3). These
encountered at 210 and 256 feet below ground surface to the north 4
One well to the west (Figure 2.2-3) at 650 feet below ground surface
encounter bedrock. These sedimentary rocks are likely Chuckanut
Huntingdon Formation with similar structure as in their exposures
southeast.

2.2.2 Engineering Properties

Subsurface explorations and laboratory testing of retrieved samples were cq
near the proposed Cogeneration Project site in early 1999 (Shannon & Wilsg
The field exploration included the advancement of several soil borings near
proposed Cogeneration Project site (Figure 2.2-1). The purpose of the explo
laboratory testing was to identify and characterize subsurface conditions fo
and construction of an electric substation and transmission line. Conditions
proposed Cogeneration Project site are expected to be similar based on the j
the exploratory borings to the proposed Cogeneration Project site. The Shaz
Wilson (1999) boring logs are included as Attachment C. A site-specific exp
- program will be developed to characterize subsurface conditions beneath th
Cogeneration Project site where additional information may be needed.

According to Shannon & Wilson (1999), the exploratory borings in the Billin
encountered a medium stiff to very stiff (desiccated), slightly gravelly, sligh
sandy clay to depths ranging from 10 to 21 feet. Below this desiccated zone
Billingham Drift changes to a very soft to medium stiff, slightly gravelly, sli
silty clay. The remaining lower sections of the Bellingham Drift changed to

slightly gravelly, silty clay, which was believed to be glacially overconsolida
to the overconsolidated soils ranged from 33 to 84 feet. Depth to which groj

was observed ranged from 12 feet to greater than 49.5 feet.

Atterberg limits and natural water content were determined on selected san

ranges are summarized below:

Liquid Limit (%) 26 - 55
Plastic Limit (%) 14 - 19
Plasticity Index (%) 12-36
Water Content (%) 19.5-349
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No specific foundation plans have yet been developed for the proposed Cogeneration

Project. However, future foundation design and construction will be based
and additional geotechnical studies, as required.

on existing
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3. SOILS

3.1 Soil Types

The general soil map unit that encompasses most of the proposed Cogeneration Project
site and vicinity is the Birchbay-Whitehorn unit (Goldin, 1992). Elements of the
Whatcom-Labounty unit and the Kickerville-Barneston-Everett unit are also present in
the vicinity.

. Birchbay-Whitehorn unit soils are very deep, moderately well drained and
poorly drained, level to gently sloping soils developed on glaciomarine drift
plains.

¢ Whatcom-Labounty unit soils are very deep, moderately well drained and
poorly drained, level to very steep developed dominantly on glaciomarine drift
plains.

¢ Kickerville-Barneston-Everett unit soils are very deep and deep, well drained
and somewhat excessively drained, level to very steep developed on outwash
terraces and moraines.

The following soil types exist at or near the proposed Cogeneration Project as shown on
Figure 3.1-1:

12 - Birch Bay silt loam (0 to 3 percent slopes) - This soil type encompasses the
northern portion of the proposed Cogeneration Project site. This very deep,
moderately well drained soil is on wave-reworked glaciomarine drift plains. It
formed in an admixture of volcanic ash and loess over glaciofluvial deposits and
glaciomarine drift. Permeability is moderate in the upper part, very rapid in the
sandy upper part of the substratum, and slow in the loamy lower part. Available
water capacity is high. Runoff is very slow and there is no hazard of erosion.

80 - Kickerville silt loam (0 to 3 percent slopes) - This soil type is found on a
low hill north of the proposed Cogeneration Project site north of Grandview
Road. This very deep, well-drained soil is on outwash terraces. It formed ina
mixture of loess and volcanic ash over glacial outwash. Permeability is moderate
in the upper part and very rapid in the substratum. Available water capacity is
high. Runoff is very slow and there is no hazard of erosion.

93 - Labounty silt loam (0 to 2 percent slopes) - This soil type encompasses the
eastern portion of the proposed Cogeneration Project site. This very deep, poorly
drained soil is on wave-reworked glaciomarine drift plains. It formed in volcanic
ash, loess, glaciofluvial deposits, and glaciomarine drift. Permeability is slow
and available water capacity is high. Runoff is very slow, but the soil may be
ponded during the winter and spring. There is no hazard of erosion.

184 - Whitehorn silt loam (0 to 2 percent slopes) - This soil type encompasses
most of the proposed Cogeneration Project site. This very deep, poorly drained
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soil is in depressions on glaciomarine drift plains. It formed in glaci
with an admixture of loess and volcanic ash. Permeability is moder
and available water capacity is high. Runoff is very slow and there
of erosion.

3.2 Erosion Susceptibility and Mitigation

All soil at and in the vicinity of the proposed Cogeneration Project site is de
presenting no hazard of erosion (Goldin, 1992). Quantitatively the erosion
of a given soil type to sheet and rill erosion can be described using the erosi
Factor K is one of six factors used in the Universal Soil Loss Equation (USLE
the average annual rate of soil loss by sheet and rill erosion in tons per acre
The estimates are based primarily on percentage of silt, sand, and organic

omarine drift

ately slow
is no hazard

scribed as
susceptibility
on factor K.
£) to predict
per year.
natter (up to

.05 to 0.69.
h by water.

4 percent) and on soil structure and permeability. Values of K range from 0
The higher the value, the more susceptible the soil is to sheet and rill erosiot
The following is a list of erosion factors for the soils located at and in the vidinity of the
proposed Cogeneration Project site (Grodin, 1992):

Soil Type Depth (in.) K Factor
Birch Bay (12) 0-8 0.32
8-24 0.24
24-42 0.10
42-60 0.28
Kickerville (80) 0-9 0.28
9-22 0.32
22-32 0.15
32-60 0.02
Labounty (93) 0-12 0.32
12-29 0.32
29-37 0.37
Whitehorn (184) 0-10 0.37
10-18 0.49
18-26 0.24
26-60 049
Mitigation measures to minimize erosion during construction and operatior} and
proposed procedures to control erosion and sedimentation during construction are
described in Appendix F: Technical Report on Water. Best Management Prdctices

(BMPs) will be implemented during construction for erosion control and prevention.
Site soils are fairly impermeable and further reduction of soil permeability in
construction areas will be negligible. All soil at and in the vicinity of the proposed
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Cogeneration Project site is described as presenting no hazard of erosion (Goldin, 1992).
Disposition of excess excavation materials is discussed in section 3.3 below. .

3.3 Foundation Preparation

Construction activities including foundation preparation, grading, and filling are
described in Appendix D: Technical Report on Project Description. There are no streams
that will be directly affected by these activities. Surface water runoff is discussed in
Appendix F Technical Report on Water. Because the existing slopes range from 0.5% to
1%, extensive grading of the site will not be required. It is anticipated that some
unsuitable materials may require removal and that some imported fill of suitable quality
will be needed for replacement, site preparation, and backfill. General construction
methods for foundation preparation will involve site survey and staking, site
preparation for runoff control, hand, and machine excavation, fill and compaction of
structural base, installation of structural support piles, and construction of reinforced
concrete footings and foundations.

Construction activities including trench backfill and other fill activities are described in
Appendix D: Technical Report on Project Description. Sources of imported fill materials
are described in section 3.4 of this report. Project specifications and construction plans
will be developed at a later date to address specific fill material requirements, gradation,
drainage, compaction, and wet weather work. Only minimal excess excavated material
will be generated during construction. Excavated material will be used as backfill where
possible. Excess material will be removed to approved and permitted landfills or used
as fill at other off-site construction sites as available. Piles of excavated materials will be
stabilized and protected using BMPs in accordance with a Stormwater Pollution
Prevention Plan (SWPPP) and Temporary Erosion and Sedimentation Control Plan
(TESC) as described in Appendix F: Technical Report on Water. Wetland areas will be
affected as a result of the proposed Cogeneration Project as described in Appendix H:
Technical Report on Plants and Animals. The placement of impermeable fill in wetland
areas will occur in selected areas as a result of the construction of the proposed
Cogeneration Project. However, these wetland areas occur in low-lying areas over
existing relatively impermeable native soils. Unsuitable moisture sensitive soil will be
removed and replaced with suitable materials where necessary for site and foundation
preparation.

3.4 Borrow Sources for Fill and Construction Bulk Materials

Construction bulk materials including soil, sand and gravel would be supplied locally
from existing permitted sources and quarries. The total quantity of imported fill
material is estimated to be approximately 126,000 cubic yards. This quantity includes
pavement base course material for the plant roadway and parking area and gravel
surfacing material for the switchyard and power block areas. Impacts to the local
construction bulk material sources and quarries will be consistent with those types of
extractive land uses within the limitations of the permit requirements for these facilities.
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3.5 Topographic Changes at Borrow Sources

The total quantity of imported fill material is estimated to be approximately

126,000

cubic yards. Topographic changes to local construction bulk material sourdes and

quarries will be consistent with those types of extractive land uses within th
of the permit requirements for these facilities.

3.6 Potential for Contaminated Soil

e limitations

There is a very low potential for encountering contaminated soil within the proposed
Cogeneration Project site and electrical transmission route. Based on a review of aerial

photographs and interviews with long-time BP employees, these areas were

used for

agriculture before the refinery was built. Aerial photographs were reviewed for the

years 1951, 1961, 1975, 1985, and 1995.

Soils will be sampled and inspected before and during site clearing, grading

, trenching

and other excavation activities. Despite these precautions, if suspect contaminated soil

is encountered during trenching and other excavation activities, these activi
stopped. Qualified personnel will respond to assess hazards and perform
characterization. Treatment and/or disposal of would depend on the type ¢
contamination found.

ties will be

f
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4. NATURAL HAZARDS

4.1 General Description of Natural Hazards

Natural hazards discussed within Appendix G: Technical Report on Earth or in other
sections of the Technical Appendices include the following:

¢ Flooding,
¢ Seismic hazards,
e Volcanic hazards, and

e Tsunami hazards.

Design measures that would be implemented to protect the proposed Cogeneration
Project from these natural hazards. The Cogeneration Project will be designed and
constructed in strict conformance to applicable Federal, State, local and industry
building codes and standards for thermal power plants as identified in Attachment A of
Appendix A - Project Description Technical Report. These Codes and Standards
account for climatic conditions and natural hazards that exist for the spedific site. All
final design and construction specifications will be reviewed and approved by EFSEC
prior to construction. Construction quality control and documentation will be made
available for regulatory inspection and approval.

4.2 Flooding Hazards

A thorough discussion of flood hazards and erosion control is provided in Appendix F:
Technical Report on Water. The proposed Cogeneration Project and all associated
components are located outside of 5-, 100-, or 500-year floodplains. Site soils are fairly
impervious (clay/silt), topography is relatively flat, and the vegetation is well
established. Based on these factors, there is a very low risk for flooding and soil erosion
hazards. BMPs will be implemented during construction for erosion control and
prevention (see Appendix D Project Description Technical Report for more details).
Therefore, the potential for flooding hazards to occur to the Cogeneration Project is very
low.

4.3 Seismic Hazards

4.3.1 Tectonic Setting and Historical Seismicity of Northwestern Washington

This section describes the general tectonic setting and historical seismicity of the Pacific
Northwest. The major historical earthquakes and their known effects in Whatcom
County are briefly described. The evidence for known geological structures capable of
generating moderate to large earthquakes that could produce significant earthquake
shaking at the Proposed Cogeneration Project site is outlined.
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Estimates of earthquake ground accelerations based on an existing probabil,
hazard model for the United States are provided. The possible earthquake-
hazards at the site are described. Proposed geotechnical investigations to a
identified earthquake hazards are also outlined.

4.3.11 Present Day Regional Tectonic Setting

Northwestern Washington State is located along the western margin of the ]
American tectonic plate, near the boundary of the Juan de Fuca plate (Figur
Juan de Fuca plate is at present moving northeastward at an average rate of

istic seismic
related
ddress

North
e 4.3-1). The
about 40

mum/ year relative to the North American plate. The Juan de Fuca plate is stjll forming at

its boundary with the Pacific plate farther west under the Pacific Ocean.

These relative plate motions result in the Juan de Fuca plate subsiding below the North
American plate along the Cascadia Subduction zone, which lies offshore of ¢oast
northern California, Oregon, Washington, and British Columbia (Figure 4.342). Plate

interactions at the subduction zone result in the creation of faults and folds,
thought to generate most of the earthquakes in the Pacific Northwest.

and are

Major earthquakes in the Pacific Northwest have four principal origins (Figures 4.3-1

and 4.3-2):

e Shallow earthquakes from active spreading at the boundary of the Pacific and

Juan de Fuca plates;

e Large interplate thrust earthquakes at the boundary of the North American and

Juan de Fuca plates;

* Deeper earthquakes resulting from internal stresses associated with the bending
and arching of the Juan de Fuca plate as it is subducted beneath the North

American plate; and

e Shallow crustal seismicity in the overlying North American plate, particularly
where it overlies the change in subduction direction of the Juan de Fiica plate.

In northwestern Washington State, the Juan de Fuca plate makes a marked change in
subduction direction — from an easterly direction south of Puget Sound, to a northeast
direction beneath Vancouver Island. This change in direction has formed an uplifted
arch structure in the Juan de Fuca plate beneath Puget Sound (McCrumb et al., 1989).
This arch may be the cause of the Olympic Mountains, the increased seismicijty in the
overlying North American plate and the large, deep historical earthquakes in southern

Puget Sound.

4.3.1.2 Historical Seismicity

Western Whatcom County is located in a region of moderate historical seismiicity and is

within the Unified Building Code Seismic zone 3 (Figure 4.3-3). Earthquake

records

from the National Earthquake Intensity Database (National Geophysical Data Center)

show intensities of Modified Mercalli (MM I) IIl or greater have been record

¢d 34 times
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in Bellingham and 12 times in Ferndale (6 miles southeast of Proposed Cogeneration
Project site) from the late 19t Century to 1985. These felt effects come from earthquakes
located both within and distant from Whatcom County.

The largest earthquake known from the Pacific Northwest occurred on 26 January 1700.
This earthquake probably occurred along the boundary between the Juan de Fuca and
North American plates. While the magnitude of the event is not well know, it was
probably larger than Magnitude (M, approximately equivalent to the Richter scale) 8,
and may be as large as M 9. It generated a major tsunami that affected the west coast of
North America and was recorded in Japan (Satake et al., 1996). Geological evidence
summarized by Atwater et al. (1995) indicates that these large interplate earthquakes
may occur about every 1000 years.

Historical and instrumental records reveal that at least 24 earthquakes of magnitude 4.0
or greater have occurred within 160 km (100 miles) of the Proposed Cogeneration Project
site since the early 1970s are shown on Figure 4.34 and listed in Table 4.3-1. Twelve (12)
of these earthquakes were located within 50 km of the Proposed Cogeneration Project
site.

Most of the larger instrumentally recorded earthquakes (M 2 6.5) in Washington State
have been located in the southern part of the Puget Lowland, near Seattle and Olympia
in 1949, 1965, and 2001. These earthquakes have occurred within the upper part of the
Juan de Fuca plate at depths greater than 25 km.

The most significant local earthquake was the M 5.2 Deming earthquake of 14 April
1990. It had an epicenter about 40 km south west of the Proposed Cogeneration Project
site (Dragovich et al., 1997). The main shock and aftershocks occurred at very shallow
depths (3-4 km). Although no surface fault rupture was recorded, Dragovich et al.
(1997) believe that the earthquake was caused by subsurface movement along a shallow,
northeast-dipping thrust fault. They inferred from a range of local topographic features
that this fault has moved repeatedly over the last ca. 15,000 years. While these |
ﬂgipretaﬁons are speculative, this earthquake demonstrates that moderate magnitude
earthquakes can occur at very shallow depths close to the Proposed Cogeneration

Project site.
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TABLE 4.3-1

Significant Historical Earthquakes in Northwestern Washington
and Southern British Columbia within 100 Miles of the Cogeneratior) Site ()

. . . Maximum {pr rox.
Date®® Latitude Longitude | Magnitude® | Deptht¥ Intensity Distance to
(dd/mmy/y) (°North) {(°West) M) (km) (MMI)® Cherry Pointt3}
{miles)
14/12/1872 488 1214 74 ? IX 127
17/03/1904 485 122.8 5.3 ? \% 24
11/01/1909 49.0 122.7 6.0 ? VII 11
18/08/1915 485 1214 5.6 ? \% 62
©24/01/1920 48.8 123 5.5 ? Vi 15
31/12/1931 475 123.0 4.8 ? A%t 93
18/07/1932 47.75 121.83 5.2 ? \%! 84
13/11/1939 475 1225 575 ? VII 92
29/11/1943 48.4 1229 438 ? Vi 31
15/02/1946 47 4 122.67 5.75 18 VII 99
15/05/1954 48.0 122.00 5.0 ? \%! 65
26/01/1957 48.33 122.43 50 ? Vi 36
10/09/1960 47.70 122.70 4.6 25 \%! 78
24/01/1963 47.60 122.10 45 17 VI 89
14/07 /1964 49.00 122.60 4.6 13 Vi 12
10/11/1969 48.50 121.40 4.7 ? \% 62
16/04/1975 47 57 12290 4.0 47 \Y 88
16/05/1976 48.80 123.36 54 62 \%! 31
02/09/1976 48.21 122.76 4.3 24 VI 43
10/07/1977 4853 122.45 4.3 11 Vi 23
05/03/1977 48 06 123.00 4.0 57 v 55
11/03/1978 47.42 122.71 4.8 25 \%! 98
31/03/1978 47 42 122.71 42 23 \%! 98
19/08/1978 48.63 123.55 43 32 \4 42
23/08/1978 48.38 123.2 4.4 17 \% 39
31/12/1978 47 .58 121.85 4.0 20 Vi 94
09/11/1979 49.00 124.42 43 28 v 80
29/11/1979 48.59 12240 41 21 \% 21
28/08/1983 4793 122.85 4.2 51 v 62
14/02/1989 48.43 122.23 - 42 0 \% ! 34
05/03/1989 47 81 123.26 4.6 46 \% 77
06/03/1989 48.43 122.23 4.2 1 \% 34
18/06/1989 47 .41 122.78 44 44 \% 98
02/04/1990 48.83 122.19 4.3 0 A\ 22
03/04/1990 48.84 12218 4.8 1 \% 22
14/04/1990 48.85 122.16 5.2 12 \"%! 23
19/02/1991 49.70 122.72 43 5 \% 60
22/02/1996 49 .90 123.90 41 2 v 92
23/06/1997 47.60 12257 5.0 7 VI 85
24/06/1997 4924 123.62 4.6 3 v 51

Notes:

(1) Locations, depths, and magnitudes were obtained from the USGS. October 2001 Earthquake Catalog for 1973-Oct
2001 and USGS. October 2001. Significant Worldwide Earthquake Catalog (2150 B.C.-1994 A.D.).

(2) Earthquake magnitudes are My, Ms, M. and My

(3) Time is Universal time.

(4) Earthquake depths before 1969 are approximate only.

(5) Distance to Proposed Cogeneration Project site based on its location at 48.833°N, 122.673°W

(6) Modified Mercalli Intensity scale after Bolt (1993).
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4.3.1.3 Recent Faulting and Tectonic Uplift

wee]

No surface fault rupture is known to accompany large historical earthquakes in —
Washington State, probably because nearly all of the larger historical earthquakes have
had relatively deep hypocenters. Evidence of land deformation associated with
prehistoric earthquakes (cosesimic) has been described from several places in western
Washington. Geological evidence of coseismic deformation during the last 15,000 years
includes:

* Macaulay Creek Thrust in western Whatcom County (Dragovich et al., 1997)

"o The Devils Mountain fault zone in the eastern Strait of Juan de Fuca (Johnson et
al., 2000);

e The southern Whidbey Island fault in Puget Sound (Johnson et al., 1996)
e The Seattle Fault in central Puget Sound (Bucknam, 1992)

* Repeated subsidence of coastal lowlands during the last 7000 years in northern
California, Oregon, Washington and southern British Columbia (Atwater et al,,
1995)

Recent analysis by Easterbrook et al. (unpublished) infers the existence and recent
activity of two northeast-southwest-trending faults to the east of the Proposed
Cogeneration Project site. Easterbrook et al. (unpublished) infer that a 10 km-wide
structural valley (graben) formed from repeated movement along the Sumas and
Vedder Mountain faults. Easterbrook et al. do not know the western extent of these
faults. Their map shows that the Vedder Mountain fault could extend into Lummi Bay

The location and coseismic activity of these faults is controversial. M
fault trends into the Proposed Cogeneration Project site. /iow 4/
paleiahatinden il P

4.3.2 Earthquake Ground Shaking

Earthquake shaking expected at the Proposed Cogeneration Project site and other
environmental hazards commonly associated with earthquake occurrence and strong
ground shaking is described in this section.

Ground shaking is the most pervasive earthquake hazard. The amplitude, frequency
and duration of the shaking at a site are related to the following three major factors:
* Magnitude of the earthquake;
¢ Distance of the site from the earthquake source; and
¢ Earth materials underlying the site.

In general, the closer a site is to the source of the earthquake, the greater the earthquake
shaking.
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4.3.2.1 Estimates of Peak Horizontal Ground Shaking (PGA) at the Site

A useful way to describe earthquake shaking for engineering purposes is iry
peak horizontal ground acceleration (PGA). This measure provides useful
about the forces that might be applied to engineered structures during eart}
shaking.

The US Geological Survey (USGS) National Seismic Hazard Mapping Proje
completed a probabilistic seismic hazard assessment for the conterminous |
They estimate probabilistic seismic hazard by considering the probability o
of all earthquakes, the probability of all the ground motions associated with
earthquakes, and calculating the probability that a certain level of shaking v
exceeded in a chosen time period. The 10 % probability of exceeding a mea;
in a 50-year period is a common measure used in engineering studies!. This
equivalent to the mean ground motion with a return period of 475 years.

Table 4.3-2 shows the PGA values calculated by USGS for the Proposed Cog
Project site for return periods from 475 years to 4975 years. These values in
the Proposed Cogeneration Project site can be expected to receive a modera
earthquake ground shaking in a 475-year period. These ground motions ar¢
for sites underlain by rock. Ground motions on deep soil sites, such as Chet
be expected to be different (see Section 4.3.2.2 below for more information).

TABLE4.3-2

Existing Estimates of Mean PGA for Rock Sites at
the Proposed Cogeneration Project Site (USGS, Nov. 2001)

L

terms of
information
rquake

rt has
United States.
occurrence

these

vill be
n PGA value

1S5

reneration
dicate that

e level of

» calculated

ry Point, can

Probability of Return Period Car}ad‘lan Accepted
Exceedance (years) USGS Building Value
Code
10% in 50 yrs 475 0.23¢ 0.16-0.23¢ 0.23¢
5% in 50 yrs 975 0.31g 0.31g
2% in 50 yrs 2475 0.44¢ 0.44¢
1% in 50 yrs 4975 0.54g 0.54g

The USGS also provide a deaggregation of the calculated hazard. This deag

gregation

splits the total hazard into its contributing earthquake sources for distance and

magnitude classes. Deaggregation of the Cherry Point hazard shows that th
PGA value has approximately equal contributions from moderate local mag
earthquakes and larger, but more distant deeper earthquakes. The hazard f;
magnitude earthquakes at the subduction zone has been incorporated into tl
estimate.

' This probability can be equally expressed as a 90% probability that the ground motion will
exceeded in 50 years.

e 475-year
nitude

om large
he hazard

not be
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All of western Washington, including the Proposed Cogeneration Project site, lies in
Seismic Zone 3 of the 1997 Uniform Building Code (UBC). The region of Canada
immediately north of Cherry Point lies within Canadian Building Code seismic
acceleration Zone 2. This Canadian zonation specifies an acceleration with a 10%
probability of exceedance in 50 years of 0.16-0.23g. This acceleration is comparable to
accelerations estimated from US hazard models (Table 4.3-2).

4.3.2.2 Assessment of Earthquake Ground Shaking Effects

Potential effects of ground motions at the Proposed Cogeneration Project site and
surrounding area include:

e Amplification of ground motions by subsurface materials (site effects);
e Earthquake-triggered slope instability;
¢ Soil liquefaction and lateral spreading; and

e Surface fault rupture.
Site Amplification of Earthquake Ground Shaking:

Existing investigations for sites close to the Proposed Cogeneration Project site suggest
that the site is underlain by more than 60 m of Quaternary-age glacial and glaciomarine
deposits. The upper 30 m of these deposits are typically soft to medium stiff clay to
about 15 m (50 feet) below ground surface. Below about 15 m they are very stiff to hard
clay.

The upper 15 m of sediment may have low average shear wave velocity. Low average
shear wave velocity in the upper 30 m of soil is important for earthquake site response.
Low average shear wave velocity deposits can filter out high-frequency ground motions
and amplify the longer period motions. Amplification of longer period motions is
potentially more damaging to engineered structures. The magnitude of site
amplification will depend primarily on the frequency content and intensity of the
ground motions and local soil conditions. Shear wave velocity is used to characterize
the soil profile type in the 1997 Uniform Building Code.

Topographic amplification of earthquake shaking is not expected because of the low
relief of the site.

Dynamic Slope Instability:

The site does not contain significant slopes. Earthquake-triggered slope instability is not
a hazard at the Proposed Cogeneration Project site.

Soil Liquefaction:

Soil liquefaction is a sudden reduction in the strength and stiffness of a soil by
earthquake shaking or other rapid loading. Liquefaction and related phenomena have
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been responsible for tremendous amounts of damage in historical earthqual
the world.

Liquefaction occurs in saturated soils. These are soils in which the space be
individual particles is completely filled with water. Earthquake shaking caz
water pressure to increase to the point where the soil particles can easily mg
respect to each other. When liquefaction occurs, the strength of the soil dect
the ability of the soil to support foundations for buildings and bridges is red
Liquefaction typically occurs in saturated sandy soils.

Prélim'mary analysis of subsurface materials close to the Proposed Cogenera
Site indicates a lack of sand layers within the soft - stiff clay deposits. Withg
significant sand layers the potential for liquefaction at the site is low.

Surface Fault Displacement:

No active faults are known beneath the site. Preliminary analysis of aerial p
and geologic maps indicates that the hazard from surface faulting at the site
low.

4.3.3 Seismic Design Studies

If soft soils with low average shear wave velocity are confirmed beneath the
site specific geotechnical studies, then site-specific dynamic response analys
completed. This analysis is needed to assess the potential amplification of e
ground motions through these soft soils. The site-specific dynamic respons
will be used for design considerations to mitigate potential seismic impacts.

4.4 Volcanic Hazards

Potential geologic hazards due to volcanism can be divided into primary an
volcanic processes. Primary volcanic processes include: lava flow, earthqua
associated with volcanism, ground deformation (uplift, subsidence, faulting
(ash) fall, pyroclastic flow and surge, and explosion phenomena (air shock
overpressure). In addition to these primary processes, secondary effects ass

volcanic eruptions include: flooding, mudflows, drainage changes caused by
dams, and wildland fires caused by lava flows and other incandescent volca

The majority of these volcanic processes and effects are limited to the near v

volcano (within about 20 miles) and are influenced by the nearby topograph

and Mullineaux, 1981). Exceptions to these limits are the effects of volcanic
and tephra fall, which may impact areas many miles from a volcano.

There are five major composite volcanoes (or stratovolcanoes) in the State of
that are all part of the Cascade Range, a volcanic arc that stretches from sout
British Columbia to northern California. These five volcanoes are Mount Ba
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Peak, Mount Rainier, Mount St. Helens, and Mount Adams. With the exception of
Mount Adams, each of the Washington volcanoes have erupted within the last 250 years
(Pringle, 1994). Several composite volcanoes are present in the State of Oregon,
including Mount Hood.

Of the five Washington volcanoes, only Mount Baker and, to a far lesser degree Glacier
Peak, have any potential to affect the proposed Cogeneration Project site. Mount Baker
is located approximately 45 miles east and Glacier Peak is located approximately 100
miles southeast of the proposed Cogeneration Project site. Only Mount Baker and
Glacier Peak are discussed specifically in this report. Based on the relative distances of
the other Cascade volcanoes, only tephra fall would be a potential concern.

441 Mount Baker

Potential volcanic hazards from Mount Baker are depicted on Figures 4.4-1, 4.4-2, and
4.4-3 (adapted from Gardner and others, 1995). The main hazards at Mount Baker are
from debris flow and debris avalanches. Based on Figures 4.4-1, 4.4-2, and 4.4-3, the
proposed Cogeneration Project site is not vulnerable to any volcanic hazards except for
tephra. The nearest volcanic hazard to the proposed Cogeneration Project site, as shown
in Figure 4.4-1, would be a debris flow that would inundate the Nooksack River
floodplain, approximately 10 miles southeast of the proposed Cogeneration Project site.
The largest debris flow in the past 14,000 years on Mount Baker occurred 6,800 years
ago. This flow moved down the Middle Fork of the Nooksack to the main Nooksack
and can be traced as far downstream as Demirg, where it is buried by younger river
deposits. It is likely that this debris flow traveled all the way to the mouth of the
Nooksack (Gardner and others, 1995).

The annual probability for the deposition of 1 centimeter or more of tephra at the
proposed Cogeneration Project site from any Cascade volcano is 0.02% (refer to Figure
4.4-2). The annual probability for the deposition of 10 centimeters or more of tephra at
the proposed Cogeneration Project site from any Cascade volcano is less than 0.01%
(refer to Figure 4.4-2). Mount Baker has not produced large amounts of tephra and
probably will not in the future (Gardner and others, 1995).

No lateral blast deposits have been recognized at Mount Baker. The probability for a
future large event is considered low (Gardner and others, 1995). The blast hazard zone
is depicted on Figure 4.4-3. The proposed Cogeneration Project site is well outside the
limits of the blast hazard zone.

4.4.2 Glacier Peak

Volcanic hazards from Glacier Peak include tephra fall, pyroclastic flows, pyroclastic
surges, ballistic ejection, debris avalanches, debris flows (lahars), and floods. Debris
flows represent the greatest hazard, followed by tephra fall. The proposed Cogeneration
- Project site is well outside the limits of the other hazards from Glacier Peak. Debris
flows have descended the Suiattle, White Chuck, Sauk, and Skagit River valleys during
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several eruptive periods (Waitt and others, 1995). These river valleys are re}
distant from the proposed Cogeneration Project site and well to the south at
There are no indications that debris flows from Glacier Peak has affected th¢
River valley. The probability of a significant tephra fall occurring at the pr
Cogeneration Project site from Glacier Peak and other Cascade volcanoes

44-2).

4.5 Tsunami Hazards

The vulnerability of the proposed Cogeneration Project site to tsunamis that
historically recorded or interpreted from the geologic record is very low. Tk
Cogeneration Project site is situated at an elevation of 120 feet MSL and mor
miles from the Strait of Georgia. Sea cliffs ranging from 60 to 100 feet high ¢
of the shoreline along Strait of Georgia closest to the proposed Cogeneration
Any tsunami that would reach the proposed Cogeneration Project site woul
widespread devastation in its wake. The likelihood of such an occurrence is

The shoreline near the proposed Cogeneration Project site is generally prote
tsunamis generated from distant trans-Pacific sources or Cascadia subductio
seismic events by the relatively narrow confines of the Strait of Juan de Fuca
Georgia, and the buffering of the San Juan and Gulf Islands. Similar protect]
afforded from tsunamis generated from a large seismic event along the Seatt]
the south. More commonly, a tsunami could be generated from a local earth
disturbing the sea floor or by slumping along the front of the Nooksack deltz
(Easterbrook, 1973). Such a tsunami could have severe local shoreline impad
expected to affect the proposed Cogeneration Project site.

There is evidence for a tsunami in Puget Sound between 1,000 and 1,100 yea
probably originated from an earthquake on the Seattle fault (Atwater and Mz

The evidence is the deposition of sand sheets at two locations, Cultus Bay on|

Island and West Point near Seattle. The sand sheet deposition appeared to b
to shallow tidal marsh areas indicating that the tsuami run up did not affect
beyond the near shore environment.
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5. UNIQUE PHYSICAL FEATURES

No unique physical features are present in the vicinity of the proposed Cogeneration
Project site including the natural gas pipeline connections and transmussion line. The
site and surrounding areas are typical of areas found throughout western Whatcom

County.

No unique physical features are known to be present at local construction bulk material
sources and quarries. Only approved and permitted sources will be used for supplying
fill materials for the proposed Cogeneration Project.
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POTENTIAL VOLCANIC HAZARDS FROM FUTLgRE ACTIVITY OF MOUNT BAKER, WASHI

Y
Cynthia A. Gardner, Kevin M. Scott, C. Dan Miller, Bobbie Myers,

Wes Hildreth, and Patrick T. Pringle
1995

NGTON

Explanation of Flowage Hazard Zones

inundation zone for Case 2 debris flows: Area that could be affected by cohesive i— J]
debris flows related to the disaggreation of moderate ta small debris —
avalenches from Sherman Crater or upper Avalanche Gorge (Rainbow Creck).

Recurrence interval for flows from efther saurce is 180 years or less (more

frequent). This case represents a debris flow analog of the 100-year flood.

Pyroclastic flowage hazard zone: Area that could be affected by pyroclastic
flows, pyraclastic surges, lava flows, and ballistic debris from future

eruptions. During any given eveat, some parts of the zone may be compietely
unaffected by these processes, whereas other areas may be adversely affected.

Tawn boundaries: Town boundaries shown are not official carporate boundades
but are diswn by the authors around areas of de-facto urhan-suburban areas

as indicated by the high: jons of roads depicted on USGS

1:100,000 quadrangles of late- 1980's vintage.

Water body

Stream

Prepared by: Golder Associates

inuadation zone far Case M dabris flows: Area that could be affected by cohesive
debyris flows that originate as large debtis avalanches of hydrothermally attered
rock from the volcanic edifice. Case M Hlows could occur with ar without
eruptive activity. Only one Case M event has occurred at Mount Baker in the
past 14,000 years, this is the large debsis flow in the Middie Fork of the
Nooksack River identified by Hyde and Crandeil (1378]. Deposits from this
debyis flow can e mapped as far downstream as the community of Deming, but
pr hiy this flow i d to Puget S. d. This desigaation iz also given
1o two scenecios of p ially phi ts. One is a debris flow of
sufficient size to ovartop the divide batwesn the Nooksack and Sumas Rivers and
sending a flow down the Sumas River. The other is a debris flow or flood that
moves down the Skagit River vailoy as the resuit of a voicanic event that

causes the failure, or a wave overtopping Baker Dam.

inundation zone for Case 1 debris flows: Area that could be affected by
noncohesiva debris flows related to meiting of snow and ice by the interaction
with hot material either during periods of magmatic or nonmagmatic activity
{steam explasions, hydrathermal activity, etc.). Recurrence interval in excess
of 500 years. The possibility of an event will increase if precursary volcanic
activity is detected. Case 1flows sre not shown on the east side of the

voh as potential i dation levels are the same as for Case 2 flows.

N AN s 000

‘Scaie in Miles

5 0 5 10
[ O |
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Contour Interval 100 meters
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Total Cascades Tephra Hazards

SITE
A

4& Mount Baker -

Source: Gardner et al., 1995
Prepared by: Golder Associates
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Lateral Blast Hazard Zone. Area that could be affected by a lateral
blast simitar in size to the May 18, 1980 lateral blast event at Mount
St. Helens. During any given rateral blast the entire area around the
volcano (360 degrees) would not be affected, but rather a sector most
likely between 90 and 180 degrees.

ers
o SCALET %000
o Contour interval 400 meters

S - Gard tal 1995 FIGURE 4-4-3
ource. araner, et al., MOUNT BAKER BLAST HAZARD MAP

Prepaxed by: Golder Associates BP/CHERRY POINT COGENERATION PROJECT
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ATTACHMENT A

WATER WELL LOGS




l 0 i N
Depariment of Ecology_ o0y With WATER WELL REPORT  Application No. ......

Second Copy — Owner's Copy “ e - L
Third Copy — Driller's Copy . S8TATE OF WASHINGTON PermitNo. .... . . .-
(1) OWNER: name... Utah International Inc. agaress BlaineRd. .6 miles no. Grandview Rd.

~\ LLOCATION OF WELL: county...  Whatcom : o= SO AT 50 ST 1. 398 v L Fne.

ng and distance from section or subdivision corner . o

(3) PROPOSED USE: Domestic O Industrial (0 Municlpal () (10) WELL LOG:

Irrigation {J Test Well f§ Other 8] Formation: Describe by color, character, size of material and g
show thickness of uq‘\:’len and the kind and nature of the m.,::,u,-ﬁlm,;":“"g
stratum penctrated, with at least one entry for each change of formation.

(4) TYPE OF WORK: [yiecs sumeer st v wirga-8.... MATERIAL FRoM | 1o
New well a Method: Dug (0 Bored O
Deepened a Cable (O Driven O ———B-Eg‘in 5 .a.ngy top sogl _— 0 ‘&-
Reconditioned (J Rotary fJ Jetted O Tan clay 4 ! 14 ,
Gray clay 14 - 345
(5) DIMENSIONS: Diameter of well ... 6, ... inches. Gray clay gravel and clam shells 345 45
700 I 4 Lo, | == Y ellsi 343
Drilled ... .ot . Depth of completed well .. (. 22 -1t Gray clay some gravel and a ; !

(6) CONSTRUCTION DETAILS: _few clam shells | 45| 70_
620 _Gray clay gravel and some clam_ | = |

Casing installed: 6 - blam. trom .90 1t 1o 1t
. shells 70 89
Threaded O Diam. from . to 1t. ——
Welded (4 rmrr™ Diam. rom #® to tt. Giay gravel clay and a few _
clam shells 89 103
Perforations: yesg NoX Gray gravel — dry 103 124
Type of perforator used - Gray sand and water, hits of
SIZE of perforations in. by . i
e perforations from ft. to . 1, | —coal and wood 124 135

Cray rl:y nnn_%ravpl scattered

o .. perforations from {t. to ft.
_______ . perforations from . to 0. | _clam shells 135 148
] —Gray gr:upl nnrlJ]ay 148 152
Screens: yesg No (X Gray sand and water, lots of
Manufacturer’s Name . clam shells ST RASS:
g::. weenenan Slot size trom £ 10 e «. | —Gray clay and gravel, clam shellp 155 | 163

Diam. ... Slot size .. irom ft. to tt. | _Gray sand scattrered gravel, watey H®3* ¥

_and clam shells S00 ppm chloride ! _

Gravel packed: vesO  No (X Size of gravel: oo Gray clay i
Gravel placed from ft. to ft. ] | __
Surface seal: vesO No K  To what depth? _oooeee. g | —clam-_shell : Y QRFHEDI O]

Material used in s€al e Switched to mud at 220 ft.
1

Did any strata contain unusable water? © Yes (J No OO Gray gravel ana clay ! o930 ! 234
Type of Water?. .coorovrmeneceoe. Depth 0of SratA oo Gray sa Dd.j! clay and grav el I 234 ¢ 445
Method of sealing strata off N } i

(7 PUMP: manufacturer's Name .| —clam shells

Type: HP Gray med. to course sand
- Gray clay and scatrered gravel 280 1 310
(8) WATER LEVELS: s e s oo #. | _ Gray oravel - caves in
Static Jevel s 1. below top of jvell Date.. ... _ Gra;l vc lay _scattered gravel
Artesian prf:;r:ia;;.a - ;;f:;:::; :quare inch Date . G—Ea-)’ c lay
(Cap, valve, etc)) Gra y_.s.and__
_Gray clay

(9) WELL TESTS: gﬁiggg%r;]lgwagg\éx;t]gﬂer evel Work s;ned._._l_-ml_l:_%?_, 19.82 Completed...,.i,,“.;._.]:..2..7.‘.@.4._.., 19.82
Was a pump test made? Yes J No {3 If yes. by whom?
viewd: gal./min. with ft. drawdown after nrs. | WELL DRILLER'S STATEMENT:

- " - - This well was drilled under my jurisdiction and this report is

true to the best of my knowledge and belicl.

- R

Recovery data (time taken as zero wl'henl pump turned off} (water level

m2asured from well top to water level) 1114 & P 1

, ; ; . | NamE_ Hayes Well Drilling & Pumps Inc. .
Tiane Water Level Time Water Level Time Water Leveal 4 (Person, firm, of corporation) (Type or prant)

Date of test ...

Bafler test......D.....gal/min. with ... ft. drawdown after. .. ... hri.
Artesian flow s g.pm. Date...
Temperature of water.......... Was a chemical analysis made? Yes (J No [

SICE ANNDITIAN AT CUTTTC IF NFCRSIARY)




EROMEL
STATE

P P L L L LR R D ey R S e Y it
.................................................................

.............................................................
33555353 B3 -50-23-55 S-S 3P- DI PSP R L P PP L2 D2 P2 PP SRS PP PSP S PP PR P2 22221

121 LOCATION OF WELL: Countv NHATCON
T3} STREET ADORESS OF WELL lor nearest address) CHERRY POINT

--------------------------------------------------------------
..............................................................

.................................................................

{4) TYPE OF WORK: Owner's Nugber of well

{1 sore than onel 1
L NENELL Method: ROTARY ) ;
(S} OImENsIONS: Dianeter of well 8 inches |

Drilled 1320, ft. Oeoth of coapleted well 198 ft.

.................................................................
.................................................................

CONSTRUCTION DETAILS:

Casing installed: 8 " Dia. from #2  ft. to 187.5 ft.
WELDED T Dia. fron ft. to ft.
Dia. fron ft. to ft.
Perforations: X0
Tvyoe of perforator used
S1ZE of oerforations in. by in.
oerforations froe ft. te ft
oerforations fros ft. to te.
serferaticas froe . te f:
Screens: YES |
ranufacturer’s Kane NAGAOKA
Type STAINLESS STEEL fodel No.
Dias. 8 slot size 50  frow 187.5 €t. tc 198 f&
Diaa. slot size tros ft. to ft.
Grave] packed: X0 Size of gravel
Gravel claced fron ft. to
Surface seal: YES To what deoth? 50 ft.
Material used in seal BENTONITE $
Did any strata contain unusable water? X0
Type of water? Deoth of strata ft.

nethod of sealing strata off

£) NATER LEVELS: Land-surface elevation
) above mean sea level ... t.
Static level 50  ft. below too of well Date 10/24/96
Artesian Pressure 1bs. per square inch  Date
Artesian water controlled by

71 WELL TESTS: Drawdown is asount water level is lowered below

static level.
a2as 2 puap test made? YES If ves, by whoa? ROBINSON & NOBL

Yizld: 100 gal./ain with 58.5 ft. drawdosn after 7.5 hrs.

fecovery data

Tiae  NMater Level Tise Water Level Tize #ater Level
. Date of test )
Bailer test aal/ain. ft. draudown after hrs.
4ir test oallain. u/ sten set at ft. for hrs..
Artesian flow 9.0.1.

Date
Tesnerature of water Has a cheaical analysis sade? YES

0F NASHINGTON

PORIT Start Card Mo, ¥072328
Niter Right Perait No.

.................................................................
................................................................

L R¢E

.................................................................
.................................................................

SEI/E SE1JC Sec 13 T 39 K. RIN WM

.........................................................
.........................................................

Foraation: Describe by color, character. size of material
+ and structure. and show thickness of aouifers and the kind

and nature of the material in each stratun penetrated, with

at least one entry for each change in forsation.

NATERIAL

GRAVEL ¢ SAMD

BROWN CLAY & GRAVEL

GRAY SILT CLAY & GRAVEL

GRAY SAND SILT & CLAY_ .
; BRONX SAND SILT & GRAVEL

GRAVEL COBBLES L SAND
GRAY SAKD & GRAVEL
GRAVEL L GRAY SAND
COBBLES GRAVEL & SAND
SILT ¢ SAND

GRAVEL COBBLES & SAND : Q6D
| SAND SILT & GRAVEL i '
| BOULOER . 362
. GRAY SAMD SILT L GRAVEL . 363
: GRAVELY SAND & GRAVEL _  __ _ . _ - %9
i GRAVEL SAND & CLAY - : . 548
. GRAY SILT SAND & GRAVEL . 560 . S8S
. GRAY SAND SILT & CLAY < 385 1599
i GRAY SILT SAND & CLAY. - ) 599 tems
; SAND SILT & GRAVEL . .- . . — - 608 1619
. CLAY & SAND - - - - + 619, 625
; SILT SAND & GRAVEL - -y 625 1 6S0
SAND SILT CLAY & GRAVEL . 650
! {
| |
! !
! R=ZCE ;
i CEIVE D
l
!

|

MAY 02 1397
-~ - _, ,
L. F v

LoD
{

Coanleted 10)24/96

WELL CONSTRUCTOR CERTIFICATION: o
I constructed and/or acceot responsibility for con-
struction of this well. and its cospliance with all
Kashington well construction standards. Materials used
and the infornation reported above are true to my best
knowledge and belief.

NAME HAYES ORILLING, INC. .
(Person, fira, or corporation)

ADORESS 556 ERSHIG 80.
t

(ST6NED)

¢

; Contractor’
. Registratiqy No. HAYESDI1063S Date 04/16/97

DEPT

o e e . M e e e e ——

{Type or print)

nse Ko. 2189

—— e s e e an e s o e e e .




Tile Original and First Copy with
Department of Ecology,

Second Copy — Owner's Capy
“Third Copy — Driller’s Copy

WATER WELL REPORT
STATE OF WASHINGTON

_—
Appucauoq NO. o

Permit No. .... . ... ... ... _

(1) OWNER: name.. {{)/ 0_¢(W

SN LOCATION OF WELL: county. 402 L 007"

~SC v W\, sec Y rS2.N, R[ﬁ.wxi

ing and distance from section or subdivision corner

Domestic 237 Industrial [J Municipal (]
Irrigation {1 Test Well [J Other a

(3) PROPOSED USE:

Owner's number of well /
(i more than one).... el

[~ Method: Dug [J Bored O
Cable [F~ Driven O

(4) TYPE OF WORK:

New well
Deepened 0

(10) WELL LOG:

Formation: Descride b& color, chamcuﬂ:‘ size of material and structure, and

show thickness of aquifers and the ki and nature of the material
stratum penclrated, with at least one entry for ¢ach!chang¢ of [omh

i MATERIAL FROM TO
2T _

w

Reconditioned (J Rotary {3 Jetted 0O .
=
(5) DIMENSIONS: Diameter of Well ...~ Inches. - A 2o HIS
Drilled. ... cvecceennen fL Depth of completed well........ocoecee St é: , ;z 1 - - -
N DETAILS ey 7 Prade |I73 oy
(6) CONSTRUCTIO : 7 7 -
Casing installed: ____ - Diam. trom ft. to 1. 2 g’tlj’ Y L Jg‘a@ ERYd
Threaded ) g’ Diam. from ... - L. to . ft. Ay
\;eeldcd g .. __* Diam. from “d..._ ft. to gﬂ.ﬁ ft. 4‘? MM 1 &g B3y |2 ¥ '
Perforations: yes O N Gty M s 574
Type of perforator used y; U . B T
SI1ZE of perforations in. by in. Z?
vien. perforations from ft. to e % UQMII% M J #9 3{7
- perforations from 1t. to ft. . e A —
v, PTfOTations from ft. to 1t. 6@9’ M G $ 8‘ -?8?/
gL L2
Sereens: vesg Nop~s _Lird ferl IS Zr
Manufacturer’s Name / P
Type Model No..oooo. e e e e
Diam. . — Slot size from {t. to £t m‘é(]’ %‘P 3? 0 3? 9\
Diam. ... Slot size from ft. to ft. 4’7/ ’ 5? _{/
LAt et RO Erkac )
Gravel packed: Yes 3O No B/ Size of gravel: . _ A/ / -
Gravel placed from ft. to 1. Q'@J 5: -
v h U

Surface seal: ves Q/ 0.—To Wh?f depth? /.5/_”_ ft.
Material used in se - = a/ .................
Did any strata contain unusable water? Y&/

Type of water? o Depth of strata. e
Method of sealing strata off

3% ¥OF
207 4T 5

W/:;u?

) PUMP: Manufacturer’s Name

SogTT

_Adornd b Larri Pracel L
wtep 28

Type: HP 7
’
1 . Land-surface elevation -
(3) /VATER LEY . above mean sea level.... ... ft. " e I
7
Static level ... J-C’ ..... donft. below top of well Date. 7 d—{ Cocttal M@v A
Artesian Pressure .. .- _1bs. per square inch Date..o.oea 7 -

Artesian water is controlled by
(Cap, valve, ztc.)

Drawdown 1s amount water lavel is

(9) WELL TESTS: lowered below static level

Was a pump test made? Yes [J No (O I yes, by whom?
vield: gal./min. with ft. cdrawdown after hrs.

Racovery data (time taken as zero when pump turned off) (water level
rmeasured from well top to water level)

Water Level | Time Water Level Timea Water Level

Time

Date 0f 1St i g
.gal/min. mm];

t. drawdown after.._..._.. hrs.

Badler test Lo
Artedan O . cimim e
Temperaturs of water.......

-2 pm. Date
W21 a chemical analysis made? Yes {3 Ne O

rrm e i e e s

T CUTETC TT NTTCC A 7N

_ [
Work start:d_:f_‘_/_.[.?_m..,,_....‘, IS.EQ. Completed.._é?...'f./AJ_.....__.w., 19_3/._.3‘\’

WELL DRILLER’S STATEMENT:

This well was drilled under my jurisdiction and this reporti is
true to the best of my knowledge and belicf.

NAMEQﬁqG %,&{/,0 AL . ?7%‘/ ______________________

T Berson, i, of corporationnyy | (Type or prixi]




Tile Original and First Copy with
Department of Ecology,

Second Copy — Owner's Copy
Third Cop) —- Drifler’s Copy

WATER WELL REPORT
STATE OF WASHINGTON

- r4 1

Appllcaﬂon No. e ..

Permit Noz.... . ..o e

Address

(1) OWNER: name. M f/@;ﬂ/

Coe £ -MMW .....

“\'2) LOCATION OF WELL: county 2t L

aring and distance {rom sectjon ot subdivision corner

J{?Z % ”ﬁa. Sec.._% ~TIZ N RLE wm.

(3) PROPOSED USE: Domestic ¢ Industrial 0 Muntetpal O

(10) WELL LOG:

Irrigation (] Test Well {J Other D | Formation: Describe by color, character, size of material and structure, and
— — g T ot Vet ot try Jarurs o the material ta cach
(4) TYPE OF WORK: u}”?:gri nu:nnb:;eo’ ve et cosaesae s cs e ensmsaone ot MATERIAL TROM 0
New well Method: Dul a red O
Deepeaed O Cable Driven O _---_/ v At 01 2
Reconditioned () Rotary 0 Jetted O M/lg, Alam fyé(,a/ e | 2 115
6 -
(5) DIMEN, IO Diameter of Well ooty Anches. | z C' v 4 =~
Drilled.... Depth of completed weu_}j_ﬁ:.__n. M(I /O/( Zg /":‘ / qj—
(6) CONSTRUCTION DETAILS: Bl 44’7‘*?4 &@ (05733
Casing installed: ___ ."--" Diam. from ft. to 1. = —
Thresded ] -y Diam. from 5 n.m}g{’n. MI ‘4”"44’ 5’,7 [33 | /5%
Welded .- * Diam. from _ tt. to L (o 1t
_° = A,nx M Kéey 1331723
Perforations: yvesg wNop~ /-
Type of perforater used jj\//pz;/ 71,444 ﬂé& [es\ 727
SIZE of perforations in. by in, , 4
................ rfcrations fro . to . ~
e anerenems z:rfz::u::: m: £t. to £, %{I,{L/ 4{4 ’/(YWM !72 ? / 74
e perforations from ft. to 1. / (0 ?/(L/‘g” /{L/
2 W 6L §
Screens: ves !tr/ Mo O Y
Manufactugerd Name/....... Seces W 7
Type..— ¢ Model No_....._.___-.. W IV ‘//%; / b Jv? "ﬂ' if
Diam. —...,...... Slot size #- .~ .
Diam: ... 6 . Slot size .1@_ trom J,?_{z‘_ tt, &oij’i I @7\/{{}/ f/xﬂ&”i%w ?ng ??Q’

Gravel packed: vesg
Gravel placed from

Noa‘/ Sizeof gravel: ... .
ft. to

Surface seal: ves Q/ No

Material used in seal....

Did any strata contain unusable water?
Type of water?. .. Depth of strata
Method of sealing strata off

> ‘s -/
N4 £ /._;- =
Land-surface elevation \.." ~ - +
(8) WATER LEVELS: above mean sea level.... £t - TS
Static level 1t. below top of well D;te ............. - T -',)\/
Artesian pressure ... ...—.—.——-1bs. per square inch Date.__ - o PN
Artesian water is controlled by n o 7
{Cap, valve, etc.) - i
9) WELL TESTS: Drawdown is amount water level is A
\ ) lowered below static level Work stancd_.;.zﬂ_:x??_.:.?a.._“. 19&‘% Completed_j_'_’_o?_____. lD_g.._.’é/
“Xas a pump test made? Yes O No[J If yes, by whom? e v;
gal./min. with #t. drawdown after hrs. WELL DRILLER'S STATEMENT:

Yiald:

.

Racovery data (time taken as zero when pump turned off) (water level
measured {rom well top to water level)

Time Water Level | Time Water Level Time Water Level

Date of test ..
Bafler test.....
Artesian flow..
Temperature of water

i ft. drawdown after hrs.
Z.pxn. Date
Was a chemlical analysis made? Yes 0 No ()

531 /min. with .

This well was drilled under my jurisdiction and this report is
true to the best of my knowledge and belief,

LT YT M TS TS A Dy




mmmm%mOCT 01 1596 WAT E

RECEiIVYLL

Depariment of

s AN B - v

Start Card No.

GlbORT

WM‘MPT Of ECOLOGY STATE OF WASHINGTON 0 oo i 32- 1 — /O
R e L e Chx T sse__ 8 STE AANENG evs e
(2) LOCATION OF WELL: Couyy LA n T tun SE w3l wsf D + ST/ wn
(2s) STREET ADDRESS OF WELL (or nosrsel attem) 'q*é@\//
(3] PROPOSED USE: g\?muc vouvlal O Monicpal O (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
O OeWater TeuWel O Oher O Formation: Dwacribe by cokor, chasacier, size of matedal and suCture. and show thickness o aosors
wnwwwodhwhmmwmammmnum
{4) TYPE OF WORK: m;\ummg‘g'ﬂ change of information. —
Abandoned O New wel Method: Oug O Bored O TERAL FRou o
Despenod (I Cable O Orvend ZJ/éﬁc 7/.94-1:1 9 <
Reconditioned 0 Rotan{2X Jetied O
(5) DIMENSIONS: Owmeter of wed %) o | LB (Vaes > | Z7
Driled_ 20O leet. Dopth of completed wel <00 n 7
- e/ ’ s
{6) CONSTRUCTION DETAILS: .y £ W PEN Af . 3
Casing Ins : 6 . oumtmmﬁé 2 e E;ﬁ L3 -
Wekded . Dl fom "o o Boasel & (7~ 25T O
* Dlam. fom no 3 A
CJY &y 5(0 $(.>
Perforations: Yes [ ] NOH 7
Type of parforator used A= CVJ._. S Is2
sxzzapedora:d:mm hbv“) : g.(‘j il — S2l gL
perforations from to o = é @”AY/ d:y v—sé
S5 from o (% ~y-
————— Podorato b lovwe! Daga< 2O | 705
_ Screens: Yo T e[ /¢ .
) Sfamﬂaamer:Namos oo (C D= S S~ A>T 7S
mg__wsae_xQéQ__MJ§‘3 M,Z()Ej =77 ('Ya.«y /S 1425
—____Swtsize fom fto
Gravelpacked: Yes (]  No PR  Sae ol gravel ICENyA C./a., Pt W
Gravel placed from n g
e i U ’&Wg{é — P Y4 72 [#22
Material ussd in seal 787 ) e P& i /7‘7—@ £ Ao
Tid any strata contain unusable watec? Yes {] NOE -
Type of water? Depth of strata Orpwr/ L SiadL
Mathod of seafing strata of M
{7) PUMP: Manutacturec's Nama
Typa: HP. /
P -~ Py §
{8) WATERL /E,Ls Lardsurtaca slavation Work Saned LD/ ALD 15, Comviened T R w D
ﬁ.bebwbpdwel Dats !
B por scrs o Dote WELL CONSTHUCTOR CERTIFICATION:
Mes‘inwalafswﬂm‘edbv e 1 constructed and/cr accept responsbility for construction of this well, and its
. - o) complianca with all Washington well construction standards. Materials used and
(3) WELL TESTS: Dra the information reported above are true to my best knowledge and tefief.
asawmpleslmade"Y
Yeod: __
- = Q0T 01 1995 -
Rscovary data (Eme taken as 260 when pump tumad of) (watar lovel measured from wed
*Co i0 water Jovsi)
 Tira Water Loval - Tane Watter Lovel Tera Watec Lovel

Date of lost
Bailsctest ________gal/min. with
sirtast ﬁ gal./min. with stom set &t /g,. f for z
Angsian flow 2pm. Dawn

?M@%}KL St

(USE ADDITIONAL SHEETS {F NECESSARY)

407-6500. Tho TOD numbar i5 1703 407 4008

Ecology is an Equal Cpportunity ardd Affirmative Action "r"ployer Foespe-
cial accommodation naads, contact the ‘Aater Resources Programial 268) % 1L L




Depanmant of Ecotogy WATER WELL REPORT

Second Copy—Owner's Copy %q l
Thied Gopy —Ortiec's Copy BTATE OF WASMNGTO'{ Water Right Permit No. le 10 R

T ownen: u.mMWL{__—_ ran 32T A et IE=
(2) LOCATION OF WELL: County LAakTcom , S« EE& k see LO 1 TTn.LE wa

(2a) STREET ADODRESS OF WELL (or nearsst address)

{3) PROPOSED USE: m:;‘: Induatrial O Municipal (J (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
O DowWater  Teatwail U Cther (O | Formation: Descrive by color, characier, size of material and structwe, end show
" thickness of aquifers and the kind and nature of the meatedal in each stratum penetrated
{4) TYPE OF WORK: Cwnec's number of wel with at least 0ne eatry for sech change of information. ‘
(i moce than one; 7 ATEROL
Abandoned 00 New well Method: Dug [ - Bored O s e
Deepened (J Cable Driven O AcnnAL) o |/
Reconditioned [ Rotary O Jetted O &!/ & ICZQC( & Z;’A ée(‘ 7A 17774
(5) DIMENSIONS: Diameter of well Lo nches. 122802, & Olac, Enod /¢ | £
Drilted feat. Depthofcompletedwell_________f. ,agf’;/a < Z D ‘u‘} { ASS 1202,
g SARD 0
(6) CONSTRUCTION DETAILS: : OATER BER Lw’ Y rARY'
Casing instafled: _* Dlam.from ft.to f. 3 Y7’}
ided .
Vioked il ———— Dam.tom n.to n | Ytz SAcD~e ~ Qlae quz.s
Thraadod O ' pum tron nto n [ G430, #lac, 4, GerDed”
Perforations: YuD NoD 77 V%)
Type of periocator used :
SIZE of perforations in by n
perforations from fi.to f.
perforations from fl.to ~ r.
— perlorations trom fi.to .
Screens: v.,@' N
Clyrer’'s Name da”l)so;()
779:4%2&5 SrEEL Modef No
Dum___é___ Slot nizo___Lkom . 10
Diam Slot 3ize from .10 n
Gravel packed: YnD Mol 574 of gravel
Gpavel placed from R0 3
7 T
Surfaca seal: Y«YT No To what depth? /g .
Material usad in seal EOTPAITE
Did any strata contain unusable watec? y,.D NQD
Type of ‘water?. Depthofstrata
Mathod of sealing strata ot
{7) PUNP: wuanufacturers Name .
Typa: NP REC £l \1' 3
{8) WATER chuLs aé:ﬂ::ﬁ:‘i’.:md"“‘
Static lavel . below tcp of wed Dats ? /C‘ c}/ 1311_ 2 q g‘g
Arlasianpressure_ b3 porquaranch Date -
Artesian watar i3 coatrollad by — e QFPT OF £COU GY
{3) MELL TESTS: Drawcowmis amount water leval 13 lowrorad balow atatic favel Hork started .19 Comoteted e 19
#asapumplostmade? Yaal ol fyes.dywhom?— | we1 CONSTRUCTOR CERTIFICATION:
Yiald: ______ gel.imin. with __Mdrawdosmaflor _________ hra. ’
{ constructed and/or accept rasponsibility for construction of this well,
- and #s compliance with all Washington well construction standards.
Materials used and the information reported above aro true {o my bast
Racovery data (tima 1akan 28 23r0 whan pump turned off) (waist level maasured knowledge and balisf.
from wall top to water laval}
e Watar Lovel Tima Water Laval Tima Waltor Lovel 3 -
NAME. / , grotz
(PERSCN, FiRM, CR CCRPCRA / oYPE OR PRNT)
7/
sisrens T8 Anes, Kl Bltam 8220
Cataoftest ?
. coano L2330
2ailar 123 ___\;:!?_._ Qal./min. with _Q_ 1. &rawdown aiter ___/_/___ re. (Signe License No ‘
. Contractoc’s
Airtost __ gal./mia. with stam st 5t fi. for hra. Reqws!rabon
Artnaian flow g.o.a. Dals *‘L‘Q'—M
Tommaratare Al aaias Was s cmasoaal tnalenis mada? Yaarj No[j e e e e ‘,u"_(_,_,_

3




sezzmmem=e (o | |5 [WATER WELL REPORT wsmwncns Ao c0

ra Cooy . Orecs Copy } ) STATE OF WASHINGTON - pigtt Pecit No. 2q-1- /DR :
- OWNER: tare__/£4 7" 05‘75;///(«,.; Ao 2209 /ﬂ%«gmy/

SATION OF WELL:  Courty %&/\qﬁm  SE wu PE wise &réf MR WAL

) STREET ADDRESS OF WELL (x nosvtacswss A2 S 0 o/

PROPOSED USE: /8\001 '”ﬁm’ﬁc Industrial O Muncpel O (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
g OeWater Test Wel O Other 0 Formation: Descrbe by color, character, size of metedal and structure, and show thickness of aquilery
and $u kind and nature of e materal in sach stratum penetsted, with at leest one entry for each
change of ndocmation.

TYPE OF WORK: Owne's numbec of wel

{# more than one)
Abandoned I Naw wad Mathod: Dug O I 7 el o M
Deepaned Cabie O Orven 14_{2/.81’/ Vd a1z
Recondtioned (3 Rotnry&/ Joaed (] - . .
DIMENSIONS: Diameterof wol ____£5 rnws K /o (o uwrx /. . Zz/
Orilled feat. Depth of complated wel 2/7 | 8 7 ¢ < -
L7 Cler 5. 77 Z7 155
CONSTRUCTION DETAILS: /
- il 7 N - PP 4 3Gz
Linor 3 5 L& <) [ & /
stafied Diam. from tw L
I 57 G225
Peclocations: Yes [] Nom’ P 7
e f ortorer ood e | V2 =T St C/c7 [ 2 Z/0
orations
perforations from to o - //‘7@() b
podoratons from Lo (& Qe Loy v
porforations from Ly L3 6]’
Screens: YosD Noﬂ’
Manutacturec's Name
Type Model Na.
*am St size from LR L ~ T o~ T 11 7 T =
n SiA size from L) LY '-( '~L = =
Gravel packed: Yes [] Nog- Size of gravel
Gravel placed from no r
Sortoce X ok MAY 09 1997
RN () s .
Matscial used n seal & het X'}
Oid any strata contain unusable watec? Ye:sD No
Type of water? éfdm Department o1 Ecology
Meathod of sealng strata of
PUMP:  Manufacturec's Name P
Type: HP. /
— L .
WATER LEVELS: Lard suraco sievaten / work Staes 2 L2/ 1. Compons & [ AL 10 P>
iﬁfm L33 ;tf”;’;:“: z% WELL CORSTRUCTOR CERTIFICATION:
Artazian water i cocgroded by | constructed and/or accept respensiiity for construction of this well, and s
oo, vahve. o] compiianca with al Washington wed construction astandards. Materals used and

mmmmfmdabovemmmmybeakmwﬁedgym(ef
r“y L

WELL TESTS: ODrawdownis w3t level is ‘owered below static teval

¥ mace? ¥ s #yes. by whom? g 7 /&

e e w0 e | /oS C’m&/@g/iw sy
- - - 1 sewess_BBE /@/s M( 4

- - - - /%A/ / C é i 7/
. S ; NM
Racovacy 4218 {me 1akon s 2000 when pump umad o) (wasex avel meaared fom w=d Sigred) 7 — (WELL BT Ucsnse
Xp 0 water Javel)
e Yiaser Lavst Tims ‘Waor Lovel Tars Woter Laval

Sz pipade ol laenso

(USE ADDITIOMAL SHEETS IF NECESSARY)

Dat of 5t
el Yol g4l i vAth R Gawdoen aftzr 1128 ) )
Neost D20 e fmies with st st %K/ ﬁ ot { o Ecology 18 an Equal Opportunity and ATymatve Action amployer. For sge-
Sreasion Aow gam  Dan cial accommodation needs, contact the Wator Rascurces P: UG

Tacrpoacating of wala Wes a chorricdl seddsic mads? Yes D Mo D 407-6600. Tha TDD number s (208) 107 -5C0%.




somesreot® N || [C [ GIATER WELL REPORT v SQ8 T 255

m—.w;:(clogw STATE OF WASHINGTON Water Right Permit No. ?)17 /(-‘_1//0 "P

0 owen: wen P LI (hns Procdiim 3550 W Il 7~
OCATION OF WELL: Couty K//Ia 7‘::‘9444 ~_§éﬂ~_ﬂd~8x_{dt&ﬁ&a /[ wa

(<a) STREET ADDRESS OF WELL (or newet akoes) AA-Q_‘/( .

{3) PROPOSED USE: X °°mz"“° nduvis O Muncpal O (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
g ma‘m TestWed (O Other o Formation: Describe by color, characler, size of matsrial and structure, and show thickness of aquiters
and the kind and nature of the matodal in esch stratum ponetrated, with a1 loast one ety for each
- change of infoamation.
(4) TYPE OF WORK: Qumers numberol wel = =
Abandoned [ Nowwel S\ Method: Dug O Bared O
Desponed O Cabie O OrtvenO) Zi2.$9./ O | =2
Reconditioned D Rowyp( Jetted O Y 4 Y
(5) DIMENSIONS: Oismeter of wet & wches | [ m geutn (Ve Gnmnwe/ | 2| /75
Driled _9 © foot. Depth of completed wol __-23¢7 n ¢
LB e eI v ve /L S| _3&

(6) CONSTRUCTION DETAILS:
Casing Instafied: __L’ MW) ﬂ.b;?s) . A-M{ %1)

oo T SR, ro . T‘EN‘J,! T EZ 2l ZE+4

Treaded O . Dtam. from L8 ) ft.

Perforations: Yes D No E (g‘/ﬂA”/ é-:. - C‘( 5( 3 {_g\.) -

Type of perforator used

SIZE of perforations n by n § — A <5 ?Z
perforations from ftlo n
portxations lrom o " Sanes (eave/ G N DS
perforations from fLio L

Screens: Yesﬁ’ ne (O // o~ ‘_A’(/ /_95‘ ZSC)
Manufacturer's Name Cﬂac' 6(} P 280 *

Type << Mode! No. o S d <
‘\‘?iam. LSMslze ‘9526 from 3 QQ nm% AL 7 < <L &0
iam. _____ Slotsize éZ(‘Z ‘Em Q 3 ! fLio fL

Gravel packed: Yos [] Nc@ Sze of gravei - i

Gravel placed from e o R Shad 28972 O

Surface seal: Yeﬂ' N (O To what REC =4 VB v
Material used in seal /:gé (S 41

Did any strata conlain unusable water?  Yes D No PY N
Type of water? Depth of strata
Mathod of sealing srata off

7) PUMP: Manuacturer's Name

Type: : HP, )
o 7
§) WATER LEVELS: Landsutics sievaicn Work Saod__ 2 L 2,19, Compined __ > L/ 9T S
bove mean sea level Z by
Static tovel /gd 2 bslow op of wed 0@;25/2% 5 WEL e FCATION:
Artesian prassure Bt psc squars inch Data ELL CONSTRUCTOR CERTIFICATION:
Angsian water i controled by —r 1 constructed and/cr accept responsibilty for construction of this well, and its
- valve. o) compliance with a8 Washington well construction standards. Matedats used and
1)) WELL TESTS: Drawdowni ‘s amount water lavel is Sowsted balow S5 % the information repcrted above are true 10 my?rw
Was a pemp 183t made? Yt ——J‘P—”mb‘imﬂ NAME EZ ' : ' ‘ / /
Yeld: gal.Jmin. with D N crawdown after tea. A RPCEAT N (TYPEPR &7
- -~ Addrass 3 4 — - e
~ " ” » ) . J /A
Racovary data (imae taken vh wad (Signed) ./&*fc/ 4 Ucense h!o‘<¢QZi:.__S
o ‘ovyrsyls{ lwa;re 25 2870 when pump lumad of) {water level measured from wad 7 (wELL DALER)
Tira Yatar Loval Tima Watee Lavel Tina Water Lavel
Contrac? /éfz-—
Rogsr% . g o
NP (Lt b ?74/ 19
E (USE ADDITIONAL SHEETS IF NECESSARY)
Da}? of Lot
aiter 1631 d—- gal./min. wih z CZIZ L drawciown afier Z hea '
Ainast gal./min. vath stem sel at n. for tvs. Ecology is an Equal Opportunity and Affirmativa Action employer. For spe-
Artzsian fiow oom  Date cial accommodatica needs, contact the Watar Resources Prograimn 2 ar (2@&9 .
Tempatatura of watar Was 2 chomcal anaiysis mace? Yas L No [ 407-6600. The TDD number is {206) 407-80CE.

v 50.1.20(99% T
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S9-1£ - /1IN

LSl p
WATER WELL REPCIRT Start Car¢ No. ¥063400
5052 MRS . sw: OF WASHINSTON Nater nghgivemt NG.

T 111 ONNER: Naike CKROLL. LEIF Addrecs 16124 SHOHOMISH AVE  SNOHOKISH, WA 98290-

.........................................................................................................................
.........................................................................................................................

.2) LOCATION OF WELL: CcuntY NHATCON - S SHLL Secll T39O N, RIE WM
«23) STREST ADORESS OF WELL lor nearest address) ALDERGROVE RD

{4) TYFE OF wOPL: Owner's Nuaber of well Forsatics: lestrile by oolor, character, site of materia
{If aore thar arel o and stryct.-e, 3°0 show thickeess of aquifers 3nd tha kind
NEW WELL Hethod: ROTARY ) ' and natyrs ¢ the material 1n each stratua Demetrales, with
TrizzzzIiiiiIzsIsIiiiziiziizcaiiiizaiiszzsiazscsazzazziizizeaciogt least ite eatiy for each change 1a faraatios.
{S) DIMENSIONS: Diameter of well 6 InCheS  Tecesoresesmesame et
Prilied 321 ft. Dacth of coupleted well 326.5 ft. ; ?Sggs%{& ; ‘
i6) CONSTRUCTICN DETAILS: . : BROMN SANDY CLAY
Casirg 1nstalled: 6 . Dia. from ¢2  ft. tc 323 ft. | GRAY CLAY SCATTERED GRAVEL
WELDED _ Dia. free ft. to ft. © GRAY GRAVEL & CLAY
Dia. froa ft. to $1. 1 GRAY CLAY GRAVEL SILTY SAND

wmemsemmmn e s el Lt GRAY GRAVEL & CLAY
Perfaraticne: KO GRAY BOULDER
T{.;e of perforator used GRAY GRAVEL

e mh s e -

e e e ek e G e s M . . e e - o mu . -

S11€ cf perforations in. by 1n. GRAY SILT SAKD & GRAVEL
serforatices frog ft. to ft. BRONN GRAVEL & SAKD
verforatises fros £, to ft. BRONN SAND & GRAVEL
pzrioraticns frea ft. te fe. * BROWN GRAVEL SAND WOOD & WATER
---------------------------------------------------------- ! GRAY CLAY
Scrsens: YES s :
Maaufazturer’s Naze NAGADKA .
Tvoe STAINLESS STEEL Model No. :
Diaa. ¢ slot siz2 20  froa 32L.5 ft. to 326.5 ft. !
Dise. slot size fres ft. to L S
Sravel sackzd: NO Size of gravel : |
arava] slaced fron ft. to : RECE; VED |
) Sur{acz seal: YES To what deoth? 18 ft. | .

Material used in s2al BENTONITE : X
[i3 any strata contain unusable water? WO : SEP 24 1998 .
Tyoe of water? Decth of strata it ;
retaaz of szaling sirata off : DEPT. oF ECOLOGY

ye2 p.? : : ;
'"'::Z::ZZ:I::ZZ:ZZIZI:Z:ZZ:::’.::::::I::Z:ZZ::::::.‘II:II:Z::IZI:: f ‘
181 WATIR LEYELS: Land-surfacz elevation ' X !
) above acan sza level ... g : .

Static level 291 ft. below too of well Cale 08/16/96 ! : !
Arzesiaa Pressure 1bs. oer sauare iach Cate : : i ;

dors stattzd 08/14/96 aeolesed 08/16/38

+ Crawdest 13 amount water level is icwer2d beiow
static level.

Was a puao test zade? YES  If yes. by whoa? JERRY BACUS

Yieid: 6 gil./ein with .08  ft. drawdown after | hrs.

JCTCR CERTIFICATION:

ucies and/or accect responsibility for con-

aa ¢f this well, and its compliance with ali
¥ashi~zzon well construction standards. Materials used
and 2 information reported adove are true o sy Sest
krowizzze and teliaf.

RECCVETY d3ia ,
Tias  Hater Level Tise Water Level - Tise Water Level | NAME HAYES ORILLIKG, IHC.

{Perszn, fira, cor corporation? {Type or orinti

‘ o / ADORESS SS6 ERSHIG RD.  BOK, KA
12te of test .

Bailer test 40 oa{/nin. | ft. drandown after 1 hrs. ! [SIGNED: _@m ]4}_{1}1@1@_ Licznse No. 2190
fir test 10 gallein. #/ stem set at 325 ft. for .5  hrs.

Artesian flew g.5.8. ) Date fontractic’s
Teszzrature of water Was a cherical analysis eade? YES | Regzistrazicn No. HAYESDIL06J5 Date 09/19/%¢




ACK 620
o E MTE R[g TERWELL REPORT etz os

T ed Il paingly STATE OF WASHINGTON Right et No.
1) OWNER: nare ote— srm__ B2300 N Ae—guve

{2) LOCATION OF WELL: MMA/P'M Xt/ c‘ff{/w%.c/ / t_simzj /. w
Q=1 1]

{10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION

{22) STREET ADORESS OF WELL (o rewva aivest __AT478 ¥ £~

(3) PROPOSED USE: %Qoom wosvisl O Municpsl O

0 m:: Test Wet O Other 0O Formation: Oeecre by color, chasecker, size of material and sincturs, and show Tickress of sgtors
and the kind and naturs of the malerisl in sach stratum penetzied, with at least one eney or sach
. ‘s ranbec change of information.
(4) TYPE OF WORK: m'wgz‘ﬁ = =
Abandoned O New wel Mothod: Oug O Bored O
Dospened Cabie O OrvenQ) (07 e/ Z/ 2
a.cmdnomdo Rotary Jettad O) 4
(5) DIMENSIONS: Dismetecolwei___ 8 . cres. | (e, 2 70
Drilod feel Depth of completed wel a(sz] ° 4
: { }’o Qe V"N
(6) CONSTRUCTION DETAILS: > e/ - O LS
&’wtmu : __é___' mtom_j_)__&b_i_f_ Q/nu/// 7 2’S 1 F2s
b —— e ro N
@_«c“ /O‘/yxzr/ /'25—/')’3
Pecorations: Yes (] Mo Y
Type of pertorator used o nve/ (321 /5O
SIZE of perfocations by n
perforations from e Movaye ! Sagadd a1V AN
perforagons from o L A ..
— e ol =) CZS|Z/ST
Screens: mj&’ NOD/ C. " ] r>r;
- Manufacturec's Name 20 Ce"/”A)((/ <§djc_j Ly f—-}? o |2/5 1 =220
Type =S ( 3 Mode! Na. g ~ [=3) /5.1
oun. (2_sousze (O£ v ZGF 00 XT T (77 ST = o S 5o Za
Diam. _ D Swtsize from L g'é Qﬂ. /s [ A=Y -~
Gravel packod: Yes [ m:&/ saeof gl Sad Ccray, T S |zan|2Fz
Gravel placed from 8 . . 4d &5 ..
f 24} ~ 2530 E
Surface seel: Yes No OJ :Z a% n S & gg/&; e 1&9?
Matedal used in seal -1 71*/ " Y~ — o -
Oid any strata contain unusable water? YesD NOE &LL’C{ Cz/&._; : i ,(?fy
Type of water? Dopth of strata <~ N .
Mathod of seafing strata of [14,7 T 2 LRG| 20 2
{73 PUMP: Manufacturer's Name
Trpe: HP P L 4 j Y P
{8) WATER LE‘IEL50 Lard-sutacs slevason L e, Je - 9. Complted /S 19 285
Static tavel 2 bolow tcp of wol Oae _ )
Aosian s por foch Date WELL CONSTRUCTOR CERTIFICATION:
ArBsian water is contreled by 1 constructed and/or accept responsbility for construction of this wed, and its
(Cap. valve. ex) compliance with all Washington well construction standards. Materials used and

(9) WELLTESTS: Drawdown is amount water level is lowered bolow static level the informatin reporied emmwmmy ge and bofyt.
Was a purp test mada? Yes ] N[ ] Hf yes, by whom? NAME 7 -

'~ O
Yk gal./mn. with L drawdown aflec hrs.

no«) (g 7
~ - " 1 Acdress _ﬁgg &/j ’ é "’Méé/\/*
B - »» - % J’ /./, sz ﬁé
Racovery dada (tme lakea as zer when pump tumed of) (water level measured Jom wel (S'

‘cp to water gvel)

Tma Water {gvel Twmo Water Lovel Tare Walse Lavel
"R NORGTE2. (T wFe

(USE ADOITIONAL SHEETS IF NECESSARY)

. Data of tost -
Balar test L’Z‘_Od Immn, with .(-.:{Ifﬁ L eawdown afler ! i iy
Ecolegy is an Equal Cpeortunity and ATimnative Action nr*;ioyer FOf ;pe

5 sotel hE Noater Ansngians ,Jrquam a; (?OG) 4

Airtest o Qalimin weth stem st ot X for
cial accomm zation s, ooract




File Orlginal and First Copy with
Department of Ecology

Second Copy -—— Owner's Copy
Third Copy — Driller’s Copy

WATER WELL REPORT
STATE OF WASHINGTON

‘Application No. ..

Permit No. .... .

Blain Rd. & Alderson

(1) OWNER: name Utah International Inc.

Address

~SE v NE v sec 31 240, n/ﬁvx

Was a pump test made? Yes {J No{J If yes, by whom? .. . .
Yield: gal./min. with ft. drawdown after hrs.

Racovery dala (time taken as zero when pump turned off) (water level
measured from well top to water Jevel)

Water Level | Time Water Level Time Water Level

Tine

Date of St e
Baifler test..{}.......gal . .1, drawdown after... . ... .. hrs.

Artesian fOW. oo T P L DAt
Temperature of water.. . Was a chemlical analysts made? Yes [J No O

L R N R L L ]

"~ 12) LOCATION OF WELL: county...Whatcom . o oeen
sring and distance from sectlon or subdivision corne: L
(3) PROPOSED USE: Domestic Mnmm o | (10) WELL LOG:
{rrigation Test Well (X Olner 0 | Formation: Describe dy color, character, size of material
shaw thickness of nquf ers and the kind and nature of m‘i"ﬁ&i’l‘iﬁ}“{,,",‘;';ﬁ
4) TYPE OF WORK: Uwrer's aumber of well wL82-6 ftratum penetrated, with ot least one entry for each ?Mnge of Jormation.
* (if more than one).... . . < ereetenen serrasaenes MATERIAL FROM ey
New well O Method: Dug 0 Bored (O
Deepened O Cable O Driven 0 | —Iopsoil .. . - 0 2
Reconditioned O Rotary (Y Jetted (O Brown 1 ay 2 12
Gray clay and some gravel 12 ¢ 1
. (5) DIMENSIONS. Diameter of well ...........6. .. inches. ’ la: om v] and X 10
Drilled ... 280. .. ft. Depth of completed Well...oooooeeett. |~ y ¥--SO0m - R it
—clam-shells — 110 i _126
(6) CONSTRUCTION DETAILS: gray C}ay and some g{awecl1 126 | 141
- o ray clay some grave an
Casing installed: _ 6 .~ piam. trom . Q... t to ..259_ 1. clam shells
Threaded 3 e Diam. from t. to ft.
welded " Diam. trom @ to @ Gray clay and some gravel
Gray gravel some clay and sepage
Perforations: vesg Nof3 Sandstone :
Type of perforator used
SIZE of perforations in. by in.
PO perforations from ft. to ft.
emannen ... perforations from {t. to 1t.
e peT{orations from ft. to 1t.
Screens: ves] No (X
Manufaciurer’'s Name. —
Type Model Noo e
Diam. ceeeme Slot size from 1.t e £ —_
piam. ..o Slot size from ft. to {t. I
! : .
Gravel paCked: Yes {3 No[X Sizeof gravel: ... i .
Gravel placed from {t. to ft. ! 1
Surface seal: YesO No(X To what depth? __. ' - ——
Material used in seal...... | o ;
Did any strata contain unusable water? Yes O No O i ]
Type of water? e ~ Depth of strata......oooeecen { : T
Method of sealing strata off ‘
) PUMTP: _Manufacturer’s Name I
Type: HP ...
R Land-surface elevation -
(8) WATER LEVELS: above mean sea level.... ..
Static level L e {t. below top of well Date.. ..
Artesian pressure ..o _Ibs. per square inch Date.. ... .
Artesian water is controlled by
(Cap, valve, etc.) ]
9) WELL TESTS: Drawdown {s amount water level is l ..... -
( ) lowered below static level Work started_...___.9-=15..,19.82 . Compleledu........._..,._9::16.___ 19.82

WELL DRILLER’'S STATEMENT:

This well was drilled under my jurisdiction and this report is
true to the best of my knowledge and belicf.

NAME...Ha y.e%)..we 11l.Drilling & Pumps.Inc. ...

erson, firm, or corpolation} (Type or print)

1413 Colony. Rd... Bow, Washington .

...... Gilbert

(Well Driller)

(Signed]............

License No......... 1!

CUTTTS IT YPoTag2ny,




L Origina! and Firsl Copy with
>adtment of Ecology
2004 Copy ——QOuwnec's Copy

rd Copy—DOrtier’s Copy
\OWNER: Heme E AR Trompsos)

: CATION OF WELL: County LIHATCcom
1) STREET ADDDRESS OF WELL (or nesrest addrese)

8tan :}momi_]ﬁ.
Water Right Pecmll No. -

rowves_HPpLOY 7300 /INAM AD

Sy \311)\(5«:351 ‘z‘éu..R_L{‘wu.

WATER WELL REPORT

STATE OF WASHINGTON

res

) PROPOSED USE: 53;";:;;0 ndustrial [0 Municipat 3 | (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
O DeWater TestWell O Othec g Fomation: Describe by color, character, size of metedal eand structre, ead show
{ thickness of aquifers and the kind and natwre of the matecial in sach stratum penetrated
. Owner's numbec of wel ,
) TYPE OF WORK: (umof:(;‘un ono;, f};/ with uuwo«mylo(ud:h‘nqoolwmlm
Abandoned 0 New well Method: Dug 0O Boced [ . // TERWL FROM T
Deepened Cableg Odven O YL/ Rur J&) e
Reconditioned O3 Rotary Jetted (1 7 -
) DIMENSIONS: piameter of well é inches. ZA? 5&’] é 6;‘)“‘J“ 2 SI/

Drilled {eeot.

Depth of completed well_l*fl-j__ﬂ.

) CONSTRUCTION DETAILS:
Casing Instafied:

__é___'_.' mcmkm+/> . to 805.}

ol

O

Saa c:‘v/é'/cp

@/Afg o
6>

1& “)/,Sch‘J #10

Sa
Giny c/};
N1

L G -

Welded «
Liner mstalied

Tireaded
Perforations: YnC]
Type of perforator used

SIZE of perforations

Diam. from
¢ Diam.from

nolX

ft. to ft.

635

fi.to .

Ao

o | /L5

o by

M

ft.to

77
NOZ- fLio A" 7 A }
o/‘a\.f Sua é’fb’\ ¢

pecfocations from
perforaticas from
perforations from

tPAas

205 2/ 0

Screens: Yes D
Manutacturer's Name
Type
TTam Stot size
m Stot size

Model No
. to ft

from
from

f1. to .

Gravel packed: YoaU Nol& 5ire of gravel

Gravel placed from a.

Surface seal: ve,@: nolJ Z"' ft.
Mateciat used m saal /I I

RECEIVEL

Did any strata contain unusable wate(}a&
4'— v 40y A
Type of wate?. 17,5‘/

Depth of strat

Method of saaling atrata off -

) PUMP: pundfacturer’'s Name

_FEB 10 1992

DEPT. Of £COLOGY

Type: HP
- . Land-surface elevatioa
) WATER LEVELS: above mean sea level . n
Static level fi. below top of wed Date

Artesian prossury Ba. per squars inch Dats
Artaslan watar ls controfed by

{Cap. varve, stc )

4
. Work stated_L a3

) WELL TESTS: Drawdownis amount water lavel ia fowared betow static level

v
rd

YWas 32 pump lost mada? Yae No
Yield: gal./mla. with

¥ you, Oy whom?

. drawdown aftar hrs.

Recovery data (tima taken 88 zero when pump tumed off) (water level measured

70m well 1op to water levsl)

Tana Water Lavel Tuna Water Lavat Time Hater Lovel
Data of teat
Lila lagt gal./min. with . drawdown aflec hra.
Altast gal./min. with stam set et . foc hes.
Artesian flow g.p.m. Duts

Tempecaturs of walac

P g S

Was 2 chamical anatynia made? YuD NQD

Y WELL CONSTRUCTOR CERTIFICATION:

1 constructed and/ocr accepl responsibility foc construction of this well,
and ita complianca with all Washington well construction standards.
Materials used and the infocmation reported above are true to my bast

NA;ion;a;zbg W(’//& //77

s KO E %% A 4/;";£A

Contraggtor 3
Mo/, ZLD/O& lg/m

SHE

anansa

/-~ /6

RV

(USE ADCITIOMAL
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Fie Original and First Copy with
Department of Ecology

Second Copy—Ownec's Copy

Third Copy-—Dritier's Copy

WATER WELL REPORT

STATE OF WASHINGTON

. “"_"' T
Water Right Permit No. 6/01%}{?7 A/

roscassf 390 HEm LD rFecnni = e

OWNER: Name L3008 _m A1/

- {1
)
LOCATION OF WELL: Couty 4L A7 C 077 Dbl 56l s Y KO Y=
(22) STREET ADDDRESS OF WELL (or neareat asdress) 25 Z0_ HLEA] D FELALIAE (2l
(3) PROPOSED USE: %ﬁf;"éi?éif industrial O Municipal 3 | (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
C DeWater  TestWell (J Other U [ Fomation: Describe by color, chasacter, aize of material and structure. and show
o ber of et thickness of aquifers and the kind and nature of the material in each atratum penstreted
. ner's n of of we ith at least try f ch ch { mformation. '
(4) TYPE OF WORK: e an ooe) with at least one entry for es - ange of in ation —
TERIAL OM T0
Abandoned l/ New well rmethod: owg O Bored O
Deepened c Cable %/ Driven O ﬁ/‘//) 6’ ﬂdk/ﬁ/ 61-4"/ g
Reconditioned L Rotary § Jotted O3 ,ISL v ([_1_46/ Fs—
(5) DIMENSIONS: piameter of weil 4 inches. Conli oM Lare 35 s
Drilled_____,Z.xZ-Qiee!. Depthofcompletedwell "~ #. vé/ = émﬁ‘i 5/ {/ %/l 2.
= = 22 2
(6) CONSTRUCTION DETAILS: 7 20
Casinglinstalled: _____° Diam.from fi_to
Welded 0 * Diam. from n.to
Liner installed 0
Threaded Q .. Diam.from ft.to fl.
Pertorations: YnD NoD
Type of perforator used i
SIZE ot perforations in.by in. .
perforations from f.to . i
pertorations from ft.to fi. i
perforations from ft.to f i
—— LI /oN DEZH Ar LZo !
Ao & :
Maaufacturer's Name 4 :
Type Model No — - e ‘l
Diam Slot size from fi.to ' :
Diam Slot size from ft. to. H.
Gravel packed: vesLJ WMol Size of gravel N i
i
Gravel placed from fi.to fl. \i 0
> 220 <\
Surfacs geat: ves !5 nol ] Towhat depth? fl. Cp g\
: - CEMmEANT ‘ < Q ‘
Materialysed in seal S 4 < @v % o T
. — LN i
Did any strata contain unusable water? ves| | No@/ \\’ B\{ H
Type of water? Depth of strala A\ ‘A-U\&
1
Method of sealing strata oft < 1:\“ H
ok 1
(7) PUMP: wMangtacturer's Name M !
Type: HP i
-aur! { i H
(8) WATER LEVELS:  [holomeansesiovel n j
Statictevel . H balowtop of well Date
Antesianpressure . s persquareinch Date
Artesian waler is controlled by
{Cap.valva, etc.)) 4.
w. éM i M
{9) WELL TESTS: Drawdownis amount water leval is lowered below static level ork staNed/ 197p/omp e(ed/ 197/
Y N {
Was apump testmade? Yast— HoT— (fyes. by whom? WELL CONSTRUCTOR CERTIFICATION:
Yeld: e gal/min with _____ f#t.drawdown after ______ __ hes,
N 1 conslructed and/or accept responsibility for construction of this well,
- and its compliance with all Washington well construction standards.
_ - halt Materials used and the information reported above are frue to my best
Racovery data (lime 1zken 33 7610 when pump turned oif) {water level measured knowledge and belief.
Irom well1op 1o water level}
Tune Water Lavel Time Water Lovel Tune Water Level - o . Sy
naMe(CA SCRADE LI LL [l
(PERSON, FWd| OR CORPORATICN} (TYPE OR PRINT)
Address?j'Z,;[ Wf AV&‘— jf ,ﬂﬂfjl//zés:
Date oftest
Bailar test gal./min. with . drawd 9 f (Signed) %’T License No‘-/—jjz——
alartest 0. —— . drawdown afler 8. g — LL DFXLER} j
Ai 1 gal./min. with stem st at fl.f he Contractor 8
41831 - 4% /MmA. - foc 3. Regigtrati 4
/.
Artasian flow g.p.m. Date NO&W Date ,7 m %7

Temperatute of waler Wasg a chemical analysis made? Yes D NOD

(USE ADDITIONAL SHEETS i NECESSARY)
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szl | lg{;\{wmn WELL REPORY '

m-o"“:"c:’" STATE OF WASHINGTON

Water Right Peanit No.

~§)_OWNER: Name 227 % mm y2r90)) PO S 7% m.-,c——wyz
LOCATION OF WELL: County K{}/'lmlham SE IV seeB 1 B Due l

{za) STREET ADDODRESS OF WELL (or nearest address) M@ Y

(3) PROPOSED USE: ["DOTeMlC  industrial O Municipal O | (10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION

O Dewater  TeastWeil O Other (0 | Formation: Descrbe by ook, character, size of mateial end struclure, and ahow
thickness of aquifers sad the kind snd nature ol the malerial in sach stratum pensetrated,

« Ownrer's number
{4) TYPE OF WORK: (llmoro..thm my‘ wol with at least 0ne eatry for sach change of infocmation. — —
Abandoned 1  New well Method: Dug (O 0 s
Despened Cable Ortvea O Ml/
Reconditioned (] Rotary Jatted O
(5) DIMENSIONS: Diameter of well ‘- r_&-ﬂ p=
Drﬂlod.é.&&.f«t. Depth of completed mlj 3 )

{8) CONSTRUCTION DETAILS:

c.ung mt;ga b . mm_. 2.0 53 o

Al Z
21l&
< | 2a
Z2al 5
/St Go

Lh«hchllod 8 .
Threaded " Dam from u. = L."
Pecforations: YaD Nom
Type of pecforatoc vsed
SIZE of perforations In by "
) peciocatioas from - fi.to [ % FK)SYJ/ 54-1(-/ /7/2‘)

perfocativns from ft.to ft.
—_— . perfocatioas from fi.to ft. é‘ﬂg_, C/a.c-, /
Screens: Yc@' N d d
Manutactucer's Namo Oﬂtg lé S [~ Sacr S A P WA A

_@___smuz-_ééj_vmm_l.z‘?.__mm_ééﬁ_ I c/;} S zoy

Diam________ Slotsize n.to 7 —
Gravel packed: veJ quXs&. of gravel Saey Yy //Q /ﬂ-dﬁg 2479‘.2//3
Gravel placed from ft.to . G

Surface seat: Y ol ] To m%ﬁ_— S. /’JL (;‘AAzx / : 274 252
Material yused in seal la X
Did any strata coatain unusable water? YuD No _LA%_Gé?* 73 L4 /7{ 2 D2 ch

Type of water?. —Depthofstrata___ N S - i ‘v’ E D
Mathod of sealing strata off -
orp 1.9 mn A

{7) PUMP: pyaalscturera Name Uil Lv Vo

Type: HP . Lo ur asinal
(8) WATER LEVELS: = L20dsudace slavation :

Static level ft. below top of wed  Date

Artesianprosawa . Ibs persquareinch Date

Mosun'svat« {3 controfled by Ty o /

o ]
772 SN R
[3) WYYELL TESTS: Dra isa wator lavel i3 lowersd bolow static teval Hor “m“/ 22 fated re A
/a3 a2 pump loat made? You Ho Yyss bywhom? WELL CONSTRUCTCR CERTIFICATION:

Yiold: . gal/minwith__ = ft.drawdownafler ___________ hey . . B
1 conatructed and/cr accapt responsibility for construction of this well,
- - " - and its compfiance with all Washingten well coastruction standards.
bl > - Materialns used and the information reporiad above are true to my beast

Raco;leq data {time takea aa Zoro whon purmp turned off) (water kevel measurcd knowledge and beliof.
rom well top 1o water level) /S
Taro Wator Lavel Tirne Wator Leved Tang Water Lavsl w 4/////0/‘ / 75
Addreu%g/&/z Aﬁ%‘<@%
v , Dats of tost W’W———-
Li N¢Q7Q25 . S
laiter taz) _ﬁ__ gal./mia. with ___/Z‘_é f1. drawdown after _L tra. (Sign - icenss

Jmda, . 7 foeren it
Contr tor's &=
Alrtast gal./min. with stem aat at f1. for hea. @; ; E Z ,2 ‘z
Astasian flow 9.p.m. Date ate
- £y W, H ~r—
Tamporature of watec a3 & chemical anatysls madae? YcuD NOD (USE ADDITIONAL SHEETS iF NECTSSAR ()

1050120 (10737 -1329. ~L5F 3




ATTACHMENT B

BP CHERRY POINT
MONITORING WELL LOGS




cuent A HC U/ wocation Cherry” Fl [Feeadale b/x. eevation
PROJECT Nofﬂi?é:ﬁp -~ BORINC mﬂW‘L 4 WATER LEVEL
pRILLER Loc fis Tty i« (7raham ceotocist I?.ma,a.// TIME DATE)

BECUN 2744 7 q 90t em c%#t;“ e 27 Aev. _(TIME‘DATE) 1:35 ¢4 TO .79
7 MIIL Tl T35 A TaLoertn_79
X
¥ E GRAPHIC M’f T. Seule
s \.; o LOG DESCRIPTION VWELL CONSTRUCTION

oS .1‘7_. Beewn Medum-Fine Saad v Lew drevcel €py
,/ ./(“ ealed w/bl.u-"fty cla)l ;aé*[,':“., e (f',,'._{, "

I ieck gl Lper ot L0t | 1 PYC !
[ . . . et
‘l éf?/’gfowﬂ A‘ﬁ‘lf\f {ﬁ{{ g'h;’ [/‘// ‘- . T
134 |, 81/ ‘ | i
: o e
1] G Gurey frovet
22,4 A s
Blue - 6—'r7 {,'fﬁ/ (/7 - Vcr/ Mot
'I'lB and p/4ff:'c -
2.0 l B
' PUDIFEIR RS A\ iy
11,4 it 0¢u$vloru§/ f’ne jr&v(/ {fpjf .
0
0/ I, 30
:/ -
a%,% bl I
‘.."..(-'.T—)
g1 % :
x|, “
v
LLZ
0,0,0 TN I
50 IR N AN
Fiists AR
Goarel o 0‘
Bk o Fe Ll
0,0,0 | - =0
60 l'E.l
, E l: L7 )
77

359 gy |l by S e cop TR Tt
79 — - i'l ~° l .. Gr-/ 5.15/ Fledium 5:“] A E 3—:; —
-— '4 .. - _. } U(U’C 4“./ &-Pa,c‘f I\ P-‘f(

NLTL e ™ ‘ -
—.-". '."\24 H d \:(sfctl*“_"ﬁ)
—. - .l RN ca '1 ,:\Ca-(ﬂt’
50--| @ 741D" Detat N e

GO —
| sy

i e Fens BOES




0,0,1

01,5

1]

0,9,

2,04

47,13

CLIENT £ 1) e &

LOCATION _Cnerry V. [ teendale  bash,  eLevation

PROJECT No.,iﬂlwﬁ_____ BORINC m.ﬂf\/‘ ’2

Blae Gray) Brown Atthd sitly ca/
Conrbky STIH

/11:'57((;"
| pyehed Witke Teble -+ Soupy

,_"~11/l75-o~}?[€. - ﬂc’JS Qr!( 4‘(;04— l‘f&j

Blie ém/ .fz'fﬁ’ C/a)/ ch')/
/44:"7" anJ f’/u‘ﬁ'c

Jeca n'au/ ér‘w'” Zenes

L stiffer

ot Ag

] r“" er.
Lliov/ lef.)/ -(/(r)/ l{/c'fuJ {»}’/
Huu’? / ‘&07‘ up Lujer

/- /{/4 Rewﬁ'/ S:\.J\‘ar\«-

e Grtnﬂ/

| Grewelly

vat”/ Cad Y Clqy

- erf”c/\/

WATER LEVEL .
Bcifie T(‘t"gé _/{I , Grehax CEOJOGIST ATl fgmﬁl/ (TIME DATE)
M w P
. 12:30 DS iarte me vaterd Bec.  vor <3
pecun 10 Dec. 12 p ?Z::EETEDWU | OTAL DEPTH
I .
E |crapuic MT 1o Scale
g LOG DESCRIPTION WELL CONSTRUCTION
(4 - )
el bk -CRIl)

1 PYC

@ Bore~d

-

S

- Bags =
BewiTuite = -
elits v

[/x‘g

~
(%Y

Grovel o

'
Bk K. .75

REOTITILALL

e so’
R
=1-43

/ Bloe (,7/?»/ g:& 617/

Loapea

Galwe 1c

= l" T Cep 1 *\J-Thru_;: S

19,2433




————cee R X1 e T LAV Sl Y 1 € . ELEVATION _
proJECT No. S 13234, Ao soring No.__ Al i’!B . WATER LEVEL ____

oriceer Bgifie Testy CEO/[pClST_I Pandbll (TIME DATE)
/ - . {' 0;,' ué 2:30 Iz ) s
pecux {1 Uze. 3% fe COMPLETED _________ (TIME DATE)_~— t°7: = TOTAL DEPTH
Ficae 3:30 —
I -
2, E |crapHIC
25! A LOG DESCRIPTION WELL CONSTRUCTION
1,3 Pae EGre - Bz, ,‘l:’:-:;’ {-7} ofe.
'_.’l o ° -, .'z(q..D.c {-.:,-.‘-'
Hit.* 2
| SP
dee
| Ity -
Cia & < ',. ol ]
L Ve R Vias” -
r .1 k’ G‘-" » ’ - ';,‘
“. . {’ /1 w/C_‘"‘.J;“:
’?J/, é o
Ll > P H /'f/.‘,
L1l
.14
,7'5 :' J
s+ L2,
<
/J /I_l'l “ l.‘
/-
345




CLIENT LOCATION ELEVATION

PROJECT NO. BORING NO. /'1 W-I 3 mﬁu,co/ ‘ WATER LEVEL

DRILLER CEOLOCIST - (TIME DATE)
" BECUN COMPLETED _______  (TIME'DATE) TOTAL DEPTH __LO.F .
- : _ _
2% [ £ |crapuic Mt To Secale
=5 4 LOG DESCRIPTION WELL CONSTRUCTION

< a4 Py
l"l’YC /\‘[:;'N'
értnny g.”g'fef-\J

3Bys,, N IS ?1"

-M S‘," ﬂktl k‘tlf 1’; ECT E')’IM/ i I‘;‘? ont7le Y . e
A el . g7’

A Ay = I
Péck/a = Els Lo

Blee 61‘7/ 5715’ (/7’ VC'// Deesc i ] - v[1057

512,22 wnd thed < hie Sl Nayres




BORING LOG _Mw-15a

e L. / Swe -
D weet, Edwards 8 Associates. Inc. )

oject Cherry Paint Refinery : Sh?et 1 of 3
_lient ARCO i Drilled By CEW_& JJIM
Feature Upgradient background Logged By JEE
Zocation see location sheets Date Logged_ 5/20/81
Depth to Water ) Surf Elev.

Date 5/20/81 Total Depth 31 6 fi.
" SAMPLE RECORD
alzl| &
IS ] |50 “ o :; m[xﬁ

I 4 a2 3 | Zlagd e DESCRIPTION

1 = [l = —~ o LU et

=z 0 ZO0| & (3 ~Alools {e9

o S e < clz clo Ao E A
w > Elo~|o &
Qa fa S o qu
- 0 o O]

— i :

-

p - b 1l 40 |SS | 3* - 4.5° Sand, fine to medium

6'30__,_ 5 grained, clean, scattered

1581 B fine to .coarse gravel,
iron stained, saturated

W- | 2 80 |SS| 8' - 9*  sand, grey brown, fine to

- <§ SM B ‘ medium grained; silty,

L3 < . "scattered gravel, satur-

i B —10 ated

3 i — —

3 v o Al 3 100{SS { 13' - 14.5' Silty clay to clayey silt,

‘3 '_}‘7% ML | soft, partially saturated
g Iy s
i :1:':: b~
"3 <13
. ag "}’1 -

Y| = 4 00|SS | 18' - 19.5' Same as Above
e I XXX |
b’::ogq .:'..':-
f;;": -—‘L;::::: —20 3 B
o e _ 5 hoolss {23.5* - 25' clay, grey, silty, trace
2o o = ‘ coarse sand and fine gra-
ol — | o vel, soft, partially sat-
s urated.
;_:‘EIJ—__ - 6 100SS | 30 - 31.5' Same as Above
st [
R - Completed at 31.5' on 5/21/81
v 30

i | .
KEAARKS:

|




0

4A.

P4B P4C

i

VARIABLE
—UNO

WEATHERED
BELLINGHAM
DRIFT

UNWEATHERED
BELLINGHAM-
DRIFT

YL L Ll i R
:V////////'/.///‘///////////////E3 3

23.5 223 I S0 |

/7YY RERRRROR,
%/ O0RRRABRRAR8R08s
A //ﬂ  Rbon0005] SO

38.5

42

DEMING

LEGEND
10720 SILICA SAND
[ sBENTONITE PELLETS
KJ cemenTt

PIEZOMETER CASING 1S 2-INCH
ID SCHEDULE 40 PVC,
SCREEN 1S 0.010 SLOTTED
2-INCH ID SCHEDULE 40 PVC

DEPTHS ARE LISTED IN FEET
BELOW GROUND SURFACE

=

NOT TO SCALE




PSA : P5B PSC gﬁp—?ﬁs—j
: H BB
NN \ % \ N §CI —
N ,
v:sm::&% NN N \ =
NEN N N N :
NN N N N
N Y NN
WEATHERED % § § § %
BELLINGHAM \ § N S \ 2 :
DRIFT § § . § s § k—— _370-13.5
§ § % % % 10 INCHES
NN NANoD T T
UNWEATHERED § § 21—b ESE8?" . EJ10s20 SILICA SAND
BELLINGHAM. § \ % N ’
DRIFT \ \ \ \ N senTONITE PELLETS
§ § 33.5 \ \\ \ KJ ceMENT
\ \ . &2 i
§ N o S QHEDULE 40 PV,
§ § SCREEN IS 0.010 SLOTTED
N \ 6.6 2-INCH 1D SCHEDULE 40 PVC
§ § DEPTHS ARE LISTED IN FEET
_____ % \_________________ BELOW GROUND SURFACE
DEMING B 220 IR
SAND

NOT TO SCALE




P6A PGB P6C qm
D
NN \ g \: N % S
VARIABLE \ § % s % ;, S %_2
—_—,— N N N N—1 e -7
§§ §§§ N Ny
WEATHERED § § § R % 10 s
\ \ § N § 12.5 —pe
BELLINGHAM \ \ N Q N &
DRIFT \ N % N N 135G TD-13.5
N R N N R =
NI N N N - - romeses
“““““ YN NN
202 T 2 I 55 M
\ \ i ElLEd—0203
§ § . E;:;;_:::gg vaa LEGEND
 UNWEATHERED § § 24.5 \’ \ ; 10720 siLiCA sSAND
BEL()%?STHAM § % % \ [N seNTONITE PELLETS
§ § 7.5 % & B cemenT
§ § b PIEZOMETER CASING IS 2-INCH
% § 40.5 ID SCHEDULE 40 PVC,
SCREEN (S 0.010 SLOTTED
N 2-INCH 10 SCHEDULE 40 PVC
\ a1.5 .
§ § DEPTHS ARE LISTED gricFEeer
BELOW GROUND SUR
_____ N N - omees
oeming i EE
SAND
-251523:2’67 .
..... “ro-67 v NOT TO SCALE

K__

8 INCHES




P7A P78 P7C P7D P7E

i
3

1 /A%
AR
/7.

VARIABLE §

- N

fernn — — o c— )

EATHERED
BVLLLINGHAM §
\

DRIFT

fome Gune w— e  oumd

S A

s Y L L A XX

: :-&:-:-Lié:?V////////////////I///////////,A

“““““ \
§ —20.5
§ - — 23
N LEGEND
\ 2a—f pEg 10720 SILICA SAND

_UNWEATHERED \
BELLINGHAM: §‘
N

DRIFT

SR WAL, SRR

\\ NTONITE PELLETS
: N 8€
\\\ BJ cemenT

77

\ as
§ 5 PIEZOMETER CASING (S 2-INCH
\ 40. ID SCHEDULE 40 PVC,
\ SCREEN IS 0.010 SLOTTED
\ 2-INCH 1D SCHEDULE 40 PVC
\ 41.5 SRR EEE
§ DEPTHS ARE ULISTED IN FEET
\ BELOW GROUND SURFACE
k [~

DEMING B

SAND
RIS : -;}: ;[7)7.7521 S >
N ) NOT TO SCALE
8 INCHES

NOTE: SAND AND SLOUGH
FROM 77.5 TO 54.5




P8A [vpacl_] P8D PBE
] m% \\. N g N K\E % N
VARIABLE R N N N AN S N— 4.5
uNIT § § § § § 3
YN N AR
- NN---- N N
“- N N N R
;zi:.*:ssiz§ N NN
DRIFT
N N N N
_____ NN NN e
N N N NN
§ § > N B
§ § ) LEGEND
N N 1- =
_que.«ra&nso% § 25.3 \ R [E 10720 siLica sano
BEL;;TS:AM. § § § \ N sentoniTE. PELLETS
§ § 33 \\ \\\ K cement
§ § - PIEZOMETER CASING IS 2-INCH
NN A
\§ § 36 2-INCH ID SCHEDULE 40 PVC
§ § k— DEPTHS ARE LISTED IN FEET
_____ § §______‘_°f‘f‘_‘"ff__;_ BELOW GROUND SURFACE
EMIN 22 23

8 INCHES




II"“\k .

oo — [@
s | ey
N N N Q N
- TN N T T T T N N~~~ 77 2
NN N N N .
SN YRR
§ § S § S 7.5
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Log: XHL Rev:HHD  Typ:LKD

RTA 2 W8557.01.6:PJ SHAN WIL.GDT /500

SOIL DESCRIPTION € |s] 8 Ty I Standard Penetration Resistance
£|gl g | 85 £ {140 Ib. weight, 30 drop)
S 1ol & 63 & A Blows per foot
Surface Efevation: Approx. 132.0 Ft. o) w o
Soft, dark brown, organic, sitty CLAY; wet; 00 [ o
numerous roots; (Topsoil) OL. J_ 2.0 % 1T
Very stiff to hard, brown-gray, slightly sandy, %
sitty CLAY; moist; trace of gravel, CL. / 2 T
Medium stiff, gray, sitty CLAY; moist; trace of 100 / 10
sand and gravel; occasional shells; CL. % 3T
- :
4 o -
210 / + £ 2
Soft to medium stiff, gray, slightty gravelly, : / s §
slightly sandy, sitty CLAY; wet, trace of gravel, % L £
[=]
CL. /
8 TV=0.3tsf
e »
Medium stiff to stiff, gray, silty CLAY; moist to 330 % s T
wet; trace of sand and gravel; occasional /
cobbles; CL. % 9 T
=
Medium stiff, gray, slightly sitty CLAY;; wet; 45.0 é
occasional sand and gravel; CL. / uT
E
=
- - - 61.0
Very stiff, gray, gravelly, sandy, silty CLAY; wet; / wT
CL. %
% 15T
765 % 10T
BOTTOM OF BORING
COMPLETED 1/25/39
LEGEND
Sample Not R od ® % Water Content
* eco
e 0D oy N Ground Water Lovel ATD Plastic Limit }—@—1 Liquid Limit

T 2-inch O.D. Spiit Spoon Sample
JIIL 3-inch O.D. Shelby Tube Sample

NOTES

1. The stratificalion lines represent the approximale boundaries between soil

types, and the {ransition may be gradual.

2. The discussion in the text of this repor! is necessary for a proper

understanding of the nature of the subsurface materials.

3. Groundwater level, if indicated above, is for the date specified and may vary.

4. Refer to KEY for explanation of “Symbals® and definilions.

5. USCS designation is based on visual-manual classification and selected

laboralory index testing.

Natural Water Content

ARCO Products Company
North Cherry Point Substation Project
Blaine, Washington

January 1999

LOG OF BORING B-2

W-8557-01

SHANNON & WILSON, INC.

Geotechnical and Environmental Consultants




Log: XHL  Rev: HHO  Typ: LKD

NTA 2 W8557.01.CPJ SHAN WIL.GDT S/5/99

SOIL DESCRIPTION T |s| & Ty L Standard Penetration Resistance
£|El 8| 38 £ (140 Ib. weight, 30" drop)
S ol 8 I A Blows per foot
Surface Elevation: Approx. 123.5 Ft. a 1] a :
Soft, dark brown, organic, silty CLAY; wet; 00 V¥
numerous roots; (Topsoil) OL. [ 2.0 1T
SGH 1o hard, brown-gray, silty CLAY, moist %
occasional sand and gravel, massive structure; % 2T
- CcL 10
T
Soft to medium stiff, gray, slightly sandy, slightly 15.0 /
gravelly, sitty CLAY; wet; CL. . % T |2 :
) g 20}~
=
-
s T
: - - - 30.0 30
Soft to medium stiff, gray, sitty CLAY; wet; trace /
of sand and gravel; CL. % 1T
% o7T |TV=0.1tsf |°
% 10E TV=0.3tsf -
/ 11 I
/ 5°
Z 27
|
- — - —1 62.0
Hard, gray, sitty CLAY; moist; massive structure; % uT
occasional sand and gravel, ash partings; CL. é
/ 1SI
/ 70
vos AwT
BOTTOM OF BORING
COMPLETED 1/25/99 80
90
LEGEND
sample Not R o ¢ Ground Water Lovel ATD ® % Water Content
. ample Not Recover roun ater Lev 5
I 2-inch ©.D. Split Spoon Sample orreve Plastic Limit +—@—1 Liqvi:id Limit
IL 3-inch O.D. Shelby Tube Sample ’ Natural Water Conten
ARCO Products Company
North Cherry Point Substation Project
NOTES Blaine, Washington
1. The stratification lines represent the approximate boundaries between soil
types, and the transition may be gradual.
2.The discus:_iion in the text of this reparl is necessary for a proper LOG OF BOR‘NG 8-3
understanding of the nature of the subsurface materials.
3. Groundwater levol, if indicaled above, is for the date specified and may vary. ’ ~ -~
4. Refer lo KEY for explanation of "Symbols™ and definitions. January 1999 W-8557-01
5 designatlion is based i I~ al-classdigati X v
558 st o b et SHANNON & WILSON.ING. | FIG. 5




RS

Log: XHL Rev:HHD  Typ:LKD

RTA 2 W8557-01,GPJ SHAN WIL.GDT 5/509

SOIL DESCRIPTION ol o k4 Ty i Standard Pene}raﬁon Resistance
£ |El g | 3 § £ (140 Ib. Bvlvelght, 30" drop)
S e ) o A Blows per foot
Surface Elevation: Approx. 108.0 Ft. a e o U a P
Soft, dark brown, soft, organic, sitty CLAY; 0.0 ?
numerous roots; (Topsoil) OL. 1.0 % 1T
Medium stiff to stiff, brown-gray, sity CLAY, %
moist; trace of sand and gravel; occasional % 2T
organics and iron-oxide stains; CL. % v 10
s T |2
- - 15.0 L E
Very soft to soft, gray, slightly gravelly, slightly / S
sandy, silty CLAY, wet; occasiondl shells at 18 / «T ;g 20
to 20 feet; CL. %
=
% 7I
Very soft to medium stiff, gray, sitty CLAY; wet; 380 é s T @
trace of sand and gravel; CL. % . TY=0.1tes
% ‘°E TV=0.3tsf
T
Medium stiff, gray, slightly gravelly, slightly 0.0 / S0
sandy, silty CLAY; wet; CL. / 12T
Hard, gray, Sity CLAY: moist. laminated with st | o0 % T <
partings; layers of clayey silt at 58 to 60 feet; %
trace of sand; occasional shells, two pieces of % T
rock at 70 feet; CL. %
% 15T 70
% -
% T s
Ut
BOTTOM OF BORING 845
COMPLETED 1/19/38
90
LEGEND
Sample Not R od 2 Ground Water Lovel AT @ % Water Content
¢ ample Not Recover roun ater Level ATD o o
T 2-inch ©.D. Split Spoon Sample Plastic Limit }—&—1 Liquid Limit
T 3-inch O.D. Shelby Tube Sample Natural Water Content
ARCO Products Company
North Cherry Point Substation Project
NOTES Blaine, Washington
1. The stratification lines represent the approximate boundaries batween soit
types, and the transition may be gradual.
2. The discussion in the text of this report is necessary for a proper LOG OF BOR[NG B -4
understanding of the nature of the subsurface materials.
3. Groundwaler ievel, if indicaled above, Is for the date specified and may vary.
4. Refer 1o KEY for explanation of “Symbois™ and definitions. ' January 1999 W-8557-01
_USCS designation is basod on visual- | classificati
5 R e et o Ve st and et SHANNON £ WILSON, ING: | FIG. 6




Log: XHL  Rev: HHD  Typ: LKD

RTA 2 WB557.01.GP) SHAN WIL GDT 5/5/00

SOIL DESCRIPTION £ ls 3 o . Standard Penetration Resistance
£|Ele | 23 < (140 Ib. weight, 30* drop)
s> @ 63 ¢ A Blows per foot

Surface Elevation: Approx. 104.0 Ft. o) (7] a
Soft, dark brown, soft, organic, sitty CLAY; 00 L J
numerous roots; (Topsoil) OL. /_ 20 % 1T
SGf, brown-gray, sitty CLAY; moist; trace of / 2T
sand and gravel; scattered organics and 10.0 10
iron-oxide stains; QL. . . [ / 2T |y
Soft to medium stiff, brown to gray, silty CLAY; -
moist to wet; trace of sand and gravel; CL. / I E R
S 20 ¢
Very soft, gray, slightly sandy, slightly gravelly, 220 é s :':;
sitty CLAY; wet; CL. ? I
]
) 30
.
—— - - - 38.0 T
Very soft to medium stff, gray, slightly sitty / 40
CLAY; wet; trace of gravel; CL. % oT
gm )
/ 11 TV=0.3tsf
=
% 31 50
- K W T
Soft to stiff, gray, sitty CLAY; moist; trace of 64.0 /
sand and gravel; rock at 73.5 feet; CL. % 15T o L
/ 16T
: X ; P 76.0 /
Hard, gray, sity CLAY, moist; massive structure; %
cL 7 wL 80
/ 18T
; - )
=
/ nL 100 -t
Z 2T
BOTTOM OF BORING 104.5 D
COMPLETED 1/20/99 110
LEGEND
od & % Water Content
*  Sample Not Recover . ¥ Ground Water Level ATD o o
. . Plastic Limit Liquid Limit
T 2-nch O.D. Spiit Spoon Sample Namm}——e———il o
IT  3-inch O.D. Shelby Tube Sampile
ARCO Products Company
North Cherry Point Substation Project
NOTES Blaine, Washington
1. The stratification lines represent the approximate boundaries between soil
types, and the transition may be gradual.
2. The discussion in the lext of this report is necessary for a proper LOG OF BORING B-5
understlanding of the nature of the subsurface materials.
3. Groundwater level, ifindit.:aled above, is for the date specified and may vary. January 1999 W-8557-01
4. Reler 1o KEY for explanalion of “Symbols” and definitions.
5. USCS designation is based on visual-manual classification and selected SHANNON & WILSON, INC. FIG. 7
laboratory index tosting. Geotachnical and Emvironmentat Consutants e B

s, St




Typ: LKD

Log: XHL  Rev: HHD

RTA 2 WB557....uPJ SHAN Wil GDT 5/5/00

SOIL DESCRIPTION £ ls| 8 |2y © Standard Penetration Resistance
s |E|l 8| 38 £ (140 Ib. weight, 30" drop)
& o 5 & A Bl
Surface Elevation: Approx. 102.6 Ft. glal s | O = 3 ows per foot
Soft, dark brown, organic, sitty CLAY, 00 L -
numerous roots; (Topsoil) OL. 20 % 1
Very stff, brown, sandy, silty CLAY; moist; 5.0 / 2T Sl
layers of sitty fine sand; CL. / 10 |
Medium stff, brownish gray, slightly sifty to sifty / T
CLAY; moist, massive; CH. 16.0 % %’Iv—o :
Very soft to medium stiff, gray, sandy, sitty / ‘E £ =0.3tsf
CLAY; wet; trace of gravel, numerous shells at / 5 o 20
23 to 25 feet; CH. % e T |3
200 / 7T
Very soft to medium stff, gray, sitty CLAY; wet; : /
trace of sand, occasional shells; CL. % :E
S 0.0 T
Very soft, gray, slightly sitty CLAY, wet; trace of ) /
sand and gravel; CH. / 1T
é -
% 13 T
% wT
M 5 -~ 3 . 3T 63.0 1SI
edium stiff, gray, sitty CLAY; moist to wet; /
trace of sand and gravel at 70 to 76 feet; CH. é Miﬁ"
/ 177
ST gray, gravelly, sandy, sity CLAY: moist, GL. | 00 %
) ) ' ' % 1w T
Hard, gray, sitty CLAY; moist; trace of sitt 840 % L
partings, trace of sand and gravel at 103 to % 207
109.5 feet, scattered shells at 103 to 105 feet, %
massive, CL. % 1T
=
Z 24T
BOTTOM OF BORING 103.5
COMPLETED 1/13/99
GEN
% C
*  Sample Not Recovered ¥ Ground Water Level ATD © % Water Content

T 2-inch O.D. Split Spoon Sample
TI  3-inch O.D. Shelby Tube Sample

NOTES

1. The siratificalion lines represent the approxdmale boundaries between soil

types, and the transition may be gradual.

2. The discussion in the text of this report is necessary for a proper

understanding of the nature of the subsurface materials.

3. Groundvraler level, if indicated above, is for the dale specified and may vary.

4. Refer to KEY for explanation of “Symbols® and definitions,
5. USCS designalion is based on visual-manual classification and selected

{aboratory index tesling.

Plastic Limit }—@— Liquid Limit

Natural Water Content

ARCO Products Company
North Cherry Point Substation Project
Blaine, Washington

LOG OF BORING B-6

January 1999 W-8557-01
SHANNON & WILSON, INC.
Geotechnical and Enviconmental Consultarts

FIG.B. .




kY G
i~ P

SOIL DESCRIPTION v F ki T i Standard Penetration Resistance
= |E g— 3% £ (140 Ib. weight, 30" drop)
. Slals | 63 & A Blows perfoot
surface Elevation: Approx. 106.4 Ft. ') [} a o 20 0
—— 60
Soft, dark brown, organic, sitty CLAY; wet; 00 | - SEEEESEEE D I
numerous roots; (Topsoil) OL. 35 A 1T S iiiigriiiiiiiiiiiii
Medium stiff, brown-gray, sitty CLAY; moist; 7 MDD A
scattered iron-oxide stems, trace of organics; / 2T S \CEEERE RERREL SHEE FEREEEREE
cL oo 10 R L
Soft, brownish gray to gray, STghty sifty CLAY; / 3T |y REEEEES EERREEERY (CEEREEEE
moist to wet; CH. / - I EEEEEEEE FEESREROEE FERREEEEE
_ ) 20,0 4]:;?5" Y SEEREEE Ciliiigriiiiiiin
Very soft to soft, gray, slightly gravelly, sitty : / £ Pl BRI I
CLAY: wet; trace of organics, occasional shells; % s |8 Ciiiiiiiil@iiiiiiiiriiiiii
cL %e Teo.lese ||Diiiiiiiiiiiiiiiiiiioiiiin
TV=0_‘3tsgo }__;‘jolliiflii LTIl
/ 7% -y
% 0T
Z -
% 12T
Z 13T
% u T
i - —— - 68.0 15
ard, gray, sitty CLAY; moist; massive, trace of / X
ash partings at 68 to 70 feet, occasional shells; %
CL. / T
Z 17T
Q /
x
g / 18
& % X
% % 1T
: o=
g BOTTOM OF BORING 45
g COMPLETED 1/14/99
LEGEND
0,
*  Sample Not Recovered ¥ Ground Water Level ATD . ?.A Water Contclant‘ )
T 2-inch O.D. Split Spoon Sample Plastic Limit }—@— Liquid Limit
E JI 3-inch ©.D. Shelby Tube Sample Natural Water Content
- ARCO Products Company
o North Cherry Point Substation Project
§ NOTES Blaine, Washington
E 1. The stratification Hngs represent the approximate boundaries between soil
» types, and the transition mey be gradual.
;; 2. The discussion in the text of this report is necessary for a proper LOG OF BORING 8—7
:; understanding of the nature of the subsurface materials.
3 3. Groundwater level, If Indicaled above, is for the date specified and may vary.
§ 4. Refer to KEY for explanation of “Symbols™ and definitions. January 1999 W-8557-01
~ . designation is basod on visual- Hicati
U oo naertaing. sl cassficaton and selocted SHANNON & Wit SON. N
o

BGY |




