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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 

Alluvial 

Alluvium 

Anticline 

Basalt 

Bedrock 

Drift deposit 

Fault 

Fold 

Formation 

Groundwater 

Hydraulic Conductivity 

Intensity 

Inter bed 

Interstade 

Isopach Map 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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. 



June, 2002 

Isoseismal 

Liquefaction 

Loess 

Magnitude 

Mass-Wasting 

Piezometer 

Pyroclastic 

Sedimentary 

Seismic 

Seismicity 

Siltstone 

Stade 

Static Water Level 

Subduction Zone 

Syncline 

Tectonic 

Tephra 

Tsunami 

Volcaniclastic 

Volcanism 
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Points of equal earthquake intensity 

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

Deposits of wind-borne dust. 

Measure of total energy released by an earthquake. 

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

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

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

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

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

The likelihood of an area being subjected to earthquakes. 

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

A colder substage of a glaciation, marked by a readvance 
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 elastic 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 po tion of the 
Puget Trough section of the Pacific Border physiographic province (Fenne an, 1912). 
The proposed Cogeneration Project site is situated in that part of the Puget rough 
known as the Whatcom Basin (or Fraser Lowland). The Puget Trough is bo ded on the 
east by the Cascade Range, on the west by the Vancouver Island Ranges an Olympic 
Mountains, and on the north by the Coast Mountains (British Columbia). F gure 2.1-1 
depicts the regional physiography surrounding the proposed Cogeneration Project site. 

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

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

2.1.2 Generalized Geologic History 

It is widely thought that approximately 200 million years ago, the supercon · ent, 
"Pangaea," began to break up, opening the Atlantic Ocean along a mid-oce ridge. As 
a result, the North American continent began moving westward causing th Oceanic 
Crust to subside beneath the western margin of the North American plate. · g this 
time, subcontinents were accreted to the western margin of North America arming 
various exotic terranes. Much of the north Cascade Range and Vancouver I land are 
composed of these terranes. 

At the beginning of the Eocene (approximately 57 million years ago), the re 
covered by a vast alluvial floodplain with a vegetative cover of lowland se 
rain forest. This resulted in the deposition of the Chuckanut Formation wi 
down-dropped basin. This depositional environment ended with displace 
the Straight Creek fault (approximately 60 miles to the west) and the uplift 
lowland basins. Around 42 mya, regional tectonics changed from transtensi nal to 
transpressional, initiating folding and thrusting of the Chuckanut Formatio (Roberts, 
1999). The sandstones, conglomerates, shales, and coal deposits of the Chuc anut 
Formation are exposed in the Chuckanut Mountains along the southern mar · of the 
Whatcom Basin immediately south of Bellingham (Easterbrook, 1976). 

The region experienced many episodes Cordilleran ice sheet advancement d ring the 
Pleistocene (Armstrong and others, 1965; Easterbrook and others, 1967; East rbrook, 
1994). The Puget Lowland geologic-climate succession (after Easterbrook, 1 63 and 
1994) from youngest to oldest is as follows: 
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• Fraser Glaciation 

0 Sumas Stade 

0 Everson Interstade 

0 Vashon Stade 

0 Evans Creek Stade 

• Olympia Interglaciation 

• Salmon Springs Glaciation 

• Puyallup Interglaciation 

• Stuck Glaciation 

• 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 submergenc 
lowland and the entry of marine water with floating ice. As a result, a seco 
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glaciomarine drift was deposited in places 400 to 600 feet above sea level. ese 
deposits are known as the Bellingham glaciomarine drift. Radiocarbon dat s and 
stratigraphic relationships suggest that 350 feet of emergence, 500-700 feet f 
submergence, and emergence of 500-700 feet occurred in a period of only 1, 00-2,000 
years. The changes in relative sea level during such a short period of time 
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 ch acterize the 
regional geology surrounding the proposed Cogeneration Project site. Old r 
sedimentary rocks and crystalline rocks are exposed in the Cascade Range t the east, 
the Coast Range to the north, the Chuckanut Mountains to the southeast, th San Juan 
Islands to the southwest, and the Gulf Islands and Vancouver Island to the est. These 
sedimentary and crystalline rocks form a bedrock layer under the Cogenera ·on Project 
site. The focus of the discussion will be on the unconsolidated sediments derlying the 
proposed Cogeneration Project site. Figure 2.1-2 is a generalized surface ge logic map 
of the area surrounding the proposed Cogeneration Project site. 

Igneous and metamorphic rocks present in mountains proximal to the Wha com Basin 
include the pre-Devonian-age granitic and hornblende-rich rocks of the T eback 
Complex exposed in only a few localities (Lummi Island) and a pre-Jurassic age phyllite 
exposed in the Chuckanut Mountains to the southwest (Easterbrook, 1973 d 1976). 

Sedimentary rocks include the Paleocene to Late Cretaceous-age Chuckanu Formation 
and the Eocene-age Huntingdon Formation. The Chuckanut Formation inc udes a thick 
sequence of sandstone, conglomerate, shale, and bituminous to sul:rbi · ous coal. 
The Chuckanut Formation makes up most of the Cascade foothills to the ea t and the 
Chuckanut Mountains to the southwest. The Huntingdon Formation was d posited 
unconformably on the Chuckanut Formation. The Huntingdon Formation onsists of 
mostly sandstones and shales, similar to the Chuckanut Formation. Unco olidated 
Quaternary deposits overlie the Chuckanut and Huntingdon Formations o r much of 
the lowland areas (Easterbrook, 1973 and 1976). 

Quaternary unconsolidated deposits were formed as a result of glacial adv ces and 
retreats as well as from at least two incursions of seawater during the Evers n 
interstade. Drift deposits of the Vashon stade of the Fraser glaciation inclu e the 
Vashon till and Esperance sand. These Vashon drift deposits are found at d pth below 
the Everson interstade deposits and also exposed in sea cliffs along the Strai of Georgia 
shoreline. The Esperance sand is an outwash sand and gravel deposited fro melt-
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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 dri£t 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 day 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. Beach 
deposits occur along the Str~it of Georgia and Bellingham Bay at the base o the sea cliffs 
and form sand spits created by long shore currents (Sandy Point and Semi oo Spit). 
Peat deposits occur in low-lying areas and depressions in floodplains, Sum s outwash 
plains, and on the Bellingham drift (Easterbrook, 1973 and 1976). 

2.1.4 Structural Geology 

Between northern California and southern British Columbia, the converge 
boundary consists of fragments of the former Farallon plate that have been 
converging on, colliding with, and subducting beneath the North Americ plate. The 
largest of these oceanic plates is the Juan de Fuca plate. The Juan de Fuca p ate is thrust 
beneath the North American plate along a zone known as the Cascadia sub uction zone. 
The Cascadia subduction zone is located approximately 200 miles west of e proposed 
Cogeneration Project site. The arched subducted slab of the Juan de Fuca p ate lies 
between 25 and 40 miles beneath the Puget lowland (Galster and Laprade, 991). 

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

Depth to bedrock surface beneath the unconsolidated Quaternary deposits aries 
considerably indicating a preglacial erosional surface of substantial relief. e bedrock 
surface in the northern part of Whatcom County is much more deeply burie than that 
in the southern part. Bedrock was encountered in a well west of Ferndale a a depth of 
320 feet, and at 615 feet in a well north of Ferndale. Near Blaine, a well pen trated 746 
feet of sediments without reaching bedrock (Easterbrook, 1973). The prese e of thick 
sequences of relatively undeformed Quaternary deposits in the lowland are s obscures 
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 low la d terraces. 
The proposed Cogeneration Project site is situated on the Mountain View U land, one of 
the seven upland areas. Two lowland areas that include the Custer Trough o the north 
and the Nooksack River floodplain to the south bound the Mountain View pland 
(Newcomb and others, 1949; and Goldin, 1992). 

To date, there have been no geotechnical or subsurface environmental inves ·gations 
directly on the proposed Cogeneration Project site. Geotechnical and envir nmental 
investigations have been conducted at the adjoining BP Cherry Point Refine y to the 
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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: 

Quaternary 

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 sedimentan; 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-Quatemarv 

Undifferentiated sedimentary rock (TMu): These are Tertiary-Mesozoic sedimentary 
rocks (bedrock) that were encountered in wells to the north and no theast of the 
proposed Cogeneration Project site (Figures 2.2-2 and 2.2-3). These ocks were 
encountered at 210 and 256 feet below ground surface to the north d northeast. 
One well to the west (Figure 2.2-3) at 650 feet below ground surface did not 
encounter bedrock. These sedimentary rocks are likely Chuckanut r 
Huntingdon Formation with similar structure as in their exposures o the 
southeast. 

2.2.2 Engineering Properties 

Subsurface explorations and laboratory testing of retrieved samples were c nducted 
near the proposed Cogeneration Project site in early 1999 (Shannon & Wils n, 1999). 
The field exploration included the advancement of several soil borings ne the 
proposed Cogeneration Project site (Figure 2.2-1). The purpose of the expl rations and 
laboratory testing was to identify and characterize subsurface conditions fo the design 
and construction of an electric substation and transmission line. Conditio beneath the 
proposed Cogeneration Project site are expected to be similar based on the 
the exploratory borings to the proposed Cogeneration Project site. The Sh 
Wilson (1999) boring logs are included as Attachment C. A site-specific ex 
program will be developed to characterize subsurface conditions beneath 
Cogeneration Project site where additional information may be needed. 

According to Shannon & Wilson (1999), the exploratory borings in the B · · gham Drift 
encountered a medium stiff to very stiff (desiccated), slightly gravelly, sligh y sandy to 
sandy clay to depths ranging from 10 to 21 feet. Below this desiccated zone the 
Billingham Drift changes to a very soft to medium stiff, slightly gravelly, sli htly sandy, 
silty clay. The remaining lower sections of the Bellingham Drift changed to a hard, 
slightly gravelly, silty clay, which was believed to be glacially overconsolid ted. Depth 
to the overconsolidated soils ranged from 33 to 84 feet. Depth to which gro dwater 
was observed ranged from 12 feet to greater than 49.5 feet. 

Atterberg limits and natural water content were determined on selected sa 
ranges are summarized below: 

Liquid Limit (%) 
Plastic Limit(%) 
Plasticity Index (%) 
Water Content(%) 

26-55 
14-19 
12- 36 
19.5 - 34.9 

No specific foundation plans have yet been developed for the proposed Co eneration 
Project. However, future foundation design and construction will be based n existing 
and additional geotechnical studies, as required. 
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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-Whitehom unit (Goldin, 1992). Elements of the 
Whatcom-Labounty unit and the Kickerville-Barneston-Everett unit are also present in 
the vicinity. 

• Birchbay-Whitehom 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 
glaciornarine 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 in a 
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 glac·omarine drift 
with an admixture of loess and volcanic ash. Permeability is moder tely slow 
and available water capacity is high. Runoff is very slow and there s no hazard 
of erosion. 

3.2 Erosion Susceptibility and Mitigation 

All soil at and in the vicinity of the proposed Cogeneration Project site is d cribed as 
presenting no hazard of erosion (Goldin, 1992). Quantitatively the erosion usceptibility 
of a given soil type to sheet and rill erosion can be described using the erosi n factor K. 
Factor K is one of six factors used in the Universal Soil Loss Equation (USL ) to predict 
the average annual rate of soil loss by sheet and rill erosion in tons per acre per year. 
The estimates are based primarily on percentage of silt, sand, and organic atter (up to 
4 percent) and on soil structure and permeability. Values of K range from O 05 to 0.69. 
The higher the value, the more susceptible the soil is to sheet and rill erosio by water. 

The following is a list of erosion factors for the soils located at and in the vi inity 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 0.49 

Mitigation measures to minimize erosion during construction and operatio and 
proposed procedures to control erosion and sedimentation during construe · on are 
described in Appendix F: Technical Report on Water. Best Management Pr cpces 
(BMPs) will be implemented during construction for erosion control and pr vention. 
Site soils are fairly impermeable and further reduction of soil permeability · 
construction areas will be negligible. All soil at and in the vicinity of the pr posed 
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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 Teclmical Report on Water. Because the existing slopes range &om 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: Teclmical 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 approximate! 126,000 
cubic yards. Topographic changes to local construction bulk material sour es and 
quarries will be consistent with those types of extractive land uses within e limitations 
of the permit requirements for these facilities. 

3.6 Potential for Contaminated Soil 

There is a very low potential for encountering contaminated soil within the proposed 
Cogeneration Project site and electrical transmission route. Based on a revi w of aerial 
photographs and interviews with long-time BP employees, these areas wer used for 
agriculture before the refinery was built. Aerial photographs were reviewe for the 
years 1951, 1961, 1975, 1985, and 1995. 

Soils will be sampled and inspected before and during site clearing, gradin , trenching 
and other excavation activities. Despite these precautions, if suspect cont · ated soil 
is encountered during trenching and other excavation activities, these activi ·es will be 
stopped. Qualified personnel will respond to assess hazards and perform 
characterization. Treatment and/ or disposal of would depend on the type f 
contamination found. 
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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, 

• Volcanic hazards, and 

• 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 specific 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 seisrnicity 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. 



June, 2002 14 013-1421.510 

Estimates of earthquake ground accelerations based on an existing probab· ·stic seismic 
hazard model for the United States are provided. The possible earthquake- elated 
hazards at the site are described. Proposed geotechnical investigations to a dress 
identified earthquake hazards are also outlined. 

4.3.1.1 Present Dav 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 4.3-1). The 
Juan de Fuca plate is at present moving northeastward at an average rate of about 40 
mm/year relative to the North American plate. The Juan de Fuca plate is s 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 belo 
American plate along the Cascadia Subduction zone, which lies offshore of 
northern California, Oregon, Washington, and British Columbia (Figure 4.3 
interactions at the subduction zone result in the creation of faults and folds, 
thought to generate most of the earthquakes in the Pacific Northwest. 

Major earthquakes in the Pacific Northwest have four principal origins (Fi 
and 4.3-2): 

• Shallow earthquakes from active spreading at the boundary of the P cific and 
Juan de Fuca plates; 

• Large interplate thrust earthquakes at the boundary of the North A erican and 

• 

Juan de Fuca plates; 

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

e bending 
orth 

• Shallow crustal seismicity in the overlying North American plate, pa ticularly 
where it overlies the change in subduction direction of the Juan de F ca plate. 

In northwestern Washington State, the Juan de Fuca plate makes a marked c ange in 
subduction direction - from an easterly direction south of Puget Sound, to northeast 
direction beneath Vancouver Island. This change in direction has formed uplifted 
arch structure in the Juan de Fuca plate beneath Puget Sound (McCrurnb et 1., 1989). 
This arch may be the cause of the Olympic Mountains, the increased seismic ty in the 
overlying North American plate and the large, deep historical earthquakes· southern 
Puget Sound. 

4.3.1.2 Historical Seismicity 

Western Whatcom County is located in a region of moderate historical seis ·city and is 
within the Unified Building Code Seismic zone 3 (Figure 4.3-3). Earthquake ecords 
from the National Earthquake Intensity Database (National Geophysical Da Center) 
show intensities of Modified Mercalli (MM I) III 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 19th 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 4.3-4 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 instnunentally recorded earthquakes (M ~ 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 
199.0. 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. _V_ 
!nterpretations are speculative, this earthguake demonstrates tha!:.Eloderate magnitude 7' 
~rthguakes can occur at very shallow depths close to the Proposed Cogeneration 
Project site. 
,r 
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TABLE4.3-1 

Significant Historical Earthquakes in Northwestern Washingto :1 

and Southern British Columbia within 100 Miles of the Cogeneratior Site <1> 

Maximum Approx. 
Date(3) Latitude Longitude Magnitude(2) Depth<4l Intensity 

)istance to 
(dd/mm/y) (

0 North) (
0 West) (M) (km) Cl erry Point{5l (MMI)f6l 

(miles) 
14/12/1872 48.8 121.4 7.4 ? IX 127 
17/03/1904 48.5 122.8 5.3 ? V 24 
11/01/1909 49.0 122.7 6.0 ? VII 11 
18/08/1915 48.5 121.4 5.6 ? V 62 
24/01/1920 48.8 123 5.5 ? VI 15 
31/12/1931 47.5 123.0 4.8 ? VI 93 
18/07/1932 47.75 121.83 5.2 ? VI 84 
13/11/1939 47.5 122.5 5.75 ? VII 92 
29/11/1943 48.4 122.9 4.8 ? VI 31 
15/02/1946 47.4 122.67 5.75 18 VII 99 
15/05/1954 48.0 12200 5.0 ? VI 65 
26/01/1957 48.33 122.43 5.0 ? VI 36 
10/09/1960 47.70 12270 4.6 25 VI 78 
24/01/1963 47.60 122.10 4.5 17 VI 89 
14/07/1964 49.00 122.60 4.6 13 VI 12 
10/11/1969 48.50 121.40 4.7 ? V 62 
16/04/1975 47.57 122.90 4.0 47 V 88 
16/05/1976 48.80 123.36 5.4 62 VI 31 
02/09/1976 48.21 122.76 4.3 24 VI 43 
10/07/1977 48.53 122.45 4.3 11 VI 23 
05/03/1977 48.06 123.00 4.0 57 IV 55 

I 11/03/1978 47.42 122.71 4.8 25 VI 98 
'· 31/03/1978 47.42 122.71 4.2 23 VI 98 

19/08/1978 48.63 123.55 4.3 32 V 42 
23/08/1978 48.38 123.2 4.4 17 V 39 
31/12/1978 47.58 121.85 4.0 20 VI 94 
09/11/1979 49.00 124.42 4.3 28 IV 80 
29/11/1979 48.59 122.40 4.1 21 V 21 
28/08/1983 47.93 122.85 4.2 51 IV 62 
14/02/1989 48.43 122.23. 4.2 0 VI 34 
05/03/1989 47.81 123.26 4.6 46 V 77 
06/03/1989 48.43 122.23 4.2 1 V 34 
18/06/1989 47.41 122.78 4.4 44 V 98 
02/04/1990 48.83 122.19 4.3 0 VI 22 
03/04/1990 48.84 122.18 4.8 1 V 22 
14/04/1990 48.85 122.16 5.2 12 VI 23 
19/02/1991 49.70 122.72 4.3 5 V 60 ' 

22/02/1996 49.90 123.90 4.1 2 IV 92 ! 

23/06/1997 47.60 122.57 5.0 7 VI 85 
24/06/1997 49.24 123.62 4.6 3 IV 51 

Notes: 
(1) Locations, depths, and magnitudes were obtained from the USGS. October 2001.Earthquake Catalo , for 1973-0ct 

2001 and USGS. October 2001. Significant Worldwide Earthquake Catalog (2150 B.C.-1994 A.O.). 
(2) Earthquake magnitudes are Mb, M,., Mw and ML. 
(3) T irne 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 

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 coseisrnic deformation during the last 15,000 years 
includes: 

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

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

• The southern Whidbey Island fault in Puget Sound (Johnson et al., 1996) 

• 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. u.f1.d1"1 
The location and cosei.srnic activity of these faults is controversial. However, neither .,., ~A 
fault trends into the Proposed Cogeneration Project site. ,L 

- - p . 4-~~'t 
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. 

f t1 
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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 ir terms of 
peak horizontal ground acceleration (PGA). This measure provides useful lnformation 
about the forces that might be applied to engineered structures during eartl11quake 
shaking. 

The US Geological Survey (USGS) National Seismic Hazard Mapping Proje "t has 
completed a probabilistic seismic hazard assessment for the conterminous United States. 
They estimate probabilistic seismic hazard by considering the probability o occurrence 
of all earthquakes, the probability of all the ground motions associated witt these 
earthquakes, and calculating the probability that a certain level of shaking will be 
exceeded in a chosen time period. The 10 % probability of exceeding a mean PGA value 
in a SO-year period is a common measure used in engineering studies1. Thii 1s 
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 Cof eneration 
Project site for return periods from 475 years to 4975 years. These values in liicate that 
the Proposed Cogeneration Project site can be expected to receive a modera e level of 
earthquake ground shaking in a 475-year period. These ground motions an~ calculated 
for sites underlain by rock. Ground motions on deep soil sites, such as Che ry Point, can 
be expected to be different (see Section 4.3.2.2 below for more information). 

TABLE 4.3-2 

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

Probability of Return Period 
Canadian Ac, 0 epted 

USGS Building 
Exceedance (years) 

Code 
\i alue 

10% in SO yrs 475 0.23g 0.16-0.23g C.23g 
5% in 50 yrs 975 0.31g C.31g 
2% in 50 yrs 2475 0.44g C.44g 

1 % in 50 yrs 4975 0.54g C.54g 

The USGS also provide a deaggregation of the calculated hazard. This deaggregation 
splits the total hazard into its contributing earthquake sources for distance aind 
magnitude classes. Deaggregation of the Cherry Point hazard shows that tt e 475-year 
PGA value has approximately equal contributions from moderate local magtnitude 
earthquakes and larger, but more distant deeper earthquakes. The hazard f om large 
magnitude earthquakes at the subduction zone has been incorporated into t1e hazard 
estimate. 

1 This probability can be equally expressed as a 90% probability that the ground motion will not be 
exceeded in 50 years. 
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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: 

• Amplification of ground motions by subsurface materials (site effects); 

• Earthquake-triggered slope instability; 

• Soil liquefaction and lateral spreading; and 

• 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 earthqua es around 
the world. 

Liquefaction occurs in saturated soils. These are soils in which the space be een 
individual particles is completely filled with water. Earthquake shaking ca cause the 
water pressure to increase to the point where the soil particles can easily m ve with 
respect to each other. When liquefaction occurs, the strength of the soil dee eases and, 
the ability of the soil to support foundations for buildings and bridges is re uced. 
Liquefaction typically occurs in saturated sandy soils. 

Preliminary analysis of subsurface materials close to the Proposed Cogener tion Project 
Site indicates a lack of sand layers within the soft - stiff clay deposits. With ut 
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 hotography 
and geologic maps indicates that the hazard from surface faulting at the site is extremely 
low. 

4.3.3 Seismic Design Studies 

If soft soils with low average shear wave velocity are confirmed beneath the site during 
site specific geotechnical studies, then site-specific dynamic response analys s should be 
completed. This analysis is needed to assess the potential amplification of e rthquake 
ground motions through these soft soils. The site-specific dynamic respons analysis 
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 secondary 
volcanic processes. Primary volcanic processes include: lava flow, earthqua es 
associated with volcanism, ground deformation (uplift, subsidence, faulting , tephra 
(ash) fall, pyroclastic flow and surge, and explosion phenomena (air shock 
overpressure). In addition to these primary processes, secondary effects ass ciated with 
volcanic eruptions include: flooding, mudflows, drainage changes caused b lava flow 
darns, and wildland fires caused by lava flows and other incandescent volca ·c debris. 

The majority of these volcanic processes and effects are limited to the near v cinity of a 
volcano (within about 20 miles) and are influenced by the nearby topograp (Lipman 
and Mullineaux, 1981). Exceptions to these limits are the effects of volcanic arthquakes 
and tephra fall, which may impact areas many miles from a volcano. 

There are five major composite volcanoes (or stratovolcanoes) in the State of Washington 
that are all part of the Cascade Range, a volcanic arc that stretches from sou western 
British Columbia to northern California. These five volcanoes are Mount Ba er, Glacier 
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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. 

4.4.1 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 Demiri.g, 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 ati\·ely 
distant from the proposed Cogeneration Project site and well to the south d southeast. 
There are no indications that debris flows from Glacier Peak has affected th Nooksack 
River valley. The probability of a significant tephra fall occurring at the pr osed 
Cogeneration Project site from Glacier Peak and other Cascade volcanoes is low (Figure 
4.4-2). 

4.5 Tsunami Hazards 

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

The shoreline near the proposed Cogeneration Project site is generally prote ted from 
tsunamis generated from distant trans-Pacific sources or Cascadia subducti n zone 
seismic events by the relatively narrow confines of the Strait of Juan de Fuca Strait of 
Georgia, and the buffering of the San Juan and Gulf Islands. Similar protec on is 
afforded from tsunamis generated from a large seismic event along the Sea e fault to 
the south. More commonly, a tsunami could be generated from a locale quake 
disturbing the sea floor or by slumping along the front of the Nooksack delt 
(Easterbrook, 1973). Such a tsunami could have severe local shoreline impa ts but is not 
expected to affect the proposed Cogeneration Project site. 

There is evidence for a tsunami in Puget Sound between 1,000 and 1,100 ye s ago that 
probably originated from an earthquake on the Seattle fault (Atwater and M ore, 1992). 
The evidence is the deposition of sand sheets at two locations, Cultus Bay o Whidbey 
Island and West Point near Seattle. The sand sheet deposition appeared to b localized 
to shallow tidal marsh areas indicating that the tsuami run up did not affect and areas 
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 transmission 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. 



June,2002 24 013-1421.510 

6. REFERENCES 

Armstrong, J.E., Crandell, D.R., Easterbrook, D.J., Noble, J.B. 1965. Late Ple·stocene 
Stratigraphy and Chronology in Southwestern British Columbia and North estern 
Washington. Geological Society of America Bulletin. Volume 76, No. 3. pp. 21-330. 

Atwater, B.F., and Moore, A.L., A Tsunami About 1,000 Years Ago in Puge 
Washington. Science. Volume 258. pp. 1614-1617. 

Atwater, B.; Nelson, A.; Clague, J.; Carver, G.; Yamaguchi, D.; Bobrowski, .; Bourgeois, 
J.; Darienzo, M.; Grant, W.; Hemphill-Haley, E.; Kelsey, H.; Jacoby, G.; Nis enko, S.; 
Palmer, S.; Peterson, C.; Reinhart, M. 1995: Summary of coastal geologic ev dence for 
past great earthquakes at the Cascadia Subduction zone. Earthquake Spec a 11. 1-18. 

Bolt, B.A., 1993. Earthquakes: W.H. Freeman, New York, New York, 331 p. 

Bucknam, R.; Hemphill-Haley, E.; Leopold, E. 1992: Abrupt uplift within e past 1700 
years at southern Puget Sound, Washington. Science 258. 1611-1614. 

Coombs, H.; Milne, W.; Nuttli, 0.; Slemmons, D. 1976: "Report of the Revie Panel on 
the December 14, 1872 Earthquake. Web Site: 
h s ike. eo hvs.washin ton.edu SEIS PNSN HIST CAT 1872 Co mbs 

Dragert, H.; Hyndman, R.; Rogers, G.; Wang, K. 1994: Current deformation d the 
width of the seismogenic zone of the northern Cascadia subduction thrust. 
Geophysical Research 99 (Bl). 653-668. 

Dragovich, J.; Zollweg, J.; Qarnar, A.; Norman, D. 1997: The Macaulay Cree Thrust, the 
1990 5.2-magnitude Deming Earthquake, and Quaternary geologic anomali sin the 
Deming area, western Whatcom County, Washington - cause and effects? Washington 
Geology 25. 15-27. 

Easterbrook, D.J. 1976. Geologic Map of Western Whatcom County, Was 
854-B. United States Geological Survey. 

Easterbrook, D.J. 1994. Chronology of the pre-late Wisconsin Pleistocene se iments in 
the Puget Lowland, Washington. Regional Geology of Washington State. W shington 
Division of Geology and Earth Resources - Bulletin 80. pp. 191-206. 

Easterbrook, D.J., Crandell, D.R., Leopold, E.B. 1967. Pre-Olympia Pleistoce e 
Stratigraphy and Chronology in the Central Puget Lowland, Washington. G ological 
Society of America Bulletin. Volume 78, No. 1. pp. 13-20 

Easterbrook, D.J. 1963. Late Pleistocene glacial events and relative sea level hanges in 
the northern Puget Lowland, Washington. Geological Society of America b lletin. 
Volume 74, No. 12. pp. 1465-1484. 

Easterbrook, D.J. 1973. Environmental Geology of Western Whatcom Coun , 
Washington. Western Washington State College Press. 

Easterbrook, D.J.,D.C. Engebretson, and D.J. Kovanen. 2001. Potential Seis ·c Hazards 
of the Sumas and Vedder Mountain Faults. http://se2-gasp.org/ seismic/ 



June, 2002 25 013-1421.510 

Fenneman, N.M. 1917. Physiographic divisions of the United States. Association of 
American Geographers Annals. Volume 6, pp. 17-98. 

Galster, R.W., and Laprade, W.T. 1991. Geology of Seattle, Washington, USA. Bulletin of 
the Association of Engineering Geologists. Volume 28, No. 3. pp. 239-302. 

Goldin, A. 1992. Soil Survey of Whatcom County Area, Washington. Soil conservation 
Services, United States Department of Agriculture. 

Gardner, C.A, Scott, K.M., Miller, C.D., Myers, B., Hildreth, W., and Pringle, P.T. 1995. 
Potential volcanic Hazards from Future Activity of Mount Baker, Washington. United 
States Geological Survey Open-File Report 95-498. 

Johnson, S.; Potter, C.; Armentrout, J.; Miller, J.; Finn, C.; Weaver, C. 1996: The southern 
Whidbey Island fault, an active structure in the Puget Lowland. Geological Society of 
America Bulletin 108. 334-354. 

Johnson, S.Y., Mosher, D.C., Dadisman, S.V., Childs, J.R., and Rhea, S.B., 2000. Tertiary 
and Quaternary structures of the eastern Juan de Fuca Strait: point map, in: Mosher, 
D.C. and Johnson, S.Y. (Eds.), Rathwell, G.J., Kung, R.B., and Rhea, S.B. (Compilers), 
Neotectonics of the eastern Juan de Fuca Strait; a digital geological and geophysical 
atlas. Geological Survey of Canada Open File Report 3931. 

Lippman, P.W., and Mullineaux, D.R. editors. 1981. The 1980 Eruptions of Mount St 
Helens, Washington. United States Geological Survey Professional Paper 1250. 

McCrumb, D.R., Galster, R.W., West, 0.0., Crosson, R.S., Ludwin, R.S., Hancock, W.E., 
and Mann, L.V. 1989. Tectonics, Seisrnicity, and Engineering Seismology in Washington. 
Engineering Geology in Washington. Washington division of Geology and Earth 
Resources. Bulletin 73. 

National Geophysical Data Center. November 2001. http: I /www. ngdc. noaa. gov I 

Newcomb, R.C., Sceva, J.E., and Stromme, 0. 1949. Ground-Water Resources of Western 
Whatcom County. United States Geologic Survey. 

Pringler, P.T. 1994. Volcanic Hazards in Washington- A Growth Management 
Perspective. Washington Geology. Volume 22, No. 2. pp. 25-32. 

Satake, K.; Shimazaki, K.; Tsuji, Y.; Ueda, K. 1996: Time and size of a giant earthquake 
in Cascadia inferred form Japanese tsunami records of January 1700. Nature 379. 246-
249. 

Shannon & Wilson, Inc. 1999. Geotechnical Data Report North Cherry Point Substation 
Project. Prepared for Arco Products Company. Cherry Point Refinery. Ferndale, 
Washington. 

Uniform Building Code (UBC). 1997. International Conference of Building Officials. 

USGS. November 2001. Geologic Hazards Web Site: http: /I geohazards.cr. usgs.gov I eq/ 



June,2002 26 013-1421.510 

USGS. October 2001. Earthquake Catalogs for 1973-0ct.2001. USGS Web Si el 
http://neic.usgs.gov/. 

USGS. October 2001. Significant Worldwide Earthquake Catalog. USGS We Site: 
http://neic.usgs.gov/. 

USGS. 1994. USGS Quadrangles for "Blaine"(revised 1994); "Birch Point"(re ised 1994); 
and "Lummi Bay"(revised 1972), Washington. 

Waitt, R.B., Mastin, LG., and Beget, J.E. 1995. Volcanic Hazard Zonation fo Glacier 
Peak Volcano, Washington. United States Geological Survey Open File Rep rt. pp. 95-
499. 

Walsh, T.J., Gerstel, W.J., Pringle, P.T., and Palmer, S.P. 2001. Earthquakes · 
Washington State. Washington Geology. Volume 28, No. 3. pp. 22-23. 

Washington State Department of Natural Resources. 2000. 100,000-Scale GI Digital 
Geology of Washington State. Prepared by Harris, C. and revised by Schust r, J. 
Olympia, Washington. 



_,,,-. 
) 

(·, t· ·\ ~A .. 

c, l 

~1 'oJ 

----

--1~,, 
l 
I 
l 

0 

11} ,_'ff 

Harbor 

r-s:"!A • ~' • 

i . . . ) -
t •. ( /L /_ -~ 

,,. . ·, \ ~ BMch 

z 
.,:-
,-, 

:?.. 

> 
(-.>' 

\ 
I 

/ 

,..---

'-""" -.,,'",._ I 
· L ~ ~ ~ ~-·c·-.,,.Jj 

(' 

"-{:'.\;,_ 
\V 

._,.; - .......... 

f- I ' 

l 
i' ! 
' r 

1 .1 -~H-~---~~
1 

i .·.··.!w 
_f;~" 

Birch Point I\ . :z· . ' _' \ . ;>~otton~'-
'·---.. i \ -<f" 

__ ___ :-":~~"----.!1~~; -·=-~~ \i,, ·-. ~ .. 1'--:--

?) \?,. C 0 

"{ 
'0 ('-

•.:::,··1--·<k_ •. ·(: ~ 
--; 

"-,, 
... , .. 

( 

r 
l 

l
_,_ . . ~-c 

,, 

, \ 1 ,., I I I_ ~··· ·. ).' 

~

1 . · --.1...,ogenerauo_n t'fOJecr ;:,ne , ,:'<-.·· .. 

Pt Wh,tehom "\ I ' _____ ,.r,.,.,.,.,-- ··----~- r i .. •· ,,·,;-· ~ll , :., v··--<~~;-,f_~·--... ' ·, ~ ,;:( __ _ 
\-,. ' -~---· "-. . ( . . "< . --- --- ', -:~>) ! ,8 

' I ·H,.... : ""' ,! J - -

' ' . ~ i y 

",,'\.._ ) ~~-l, f" - ... _ i · c. ~\,:~;\':s·i--. 
·;---~--:·:. 

5,S 

I r/L / I . 

N 
1 2 

MILE 

PROJECT NO. 013 1421_510 DRAWING NO. 92597 DATE 06/05/02 DRAWN BY ETF 

LEGEND 

2 ' 

Approximate BP Property Boundary 

Proposed Cherry Point 
Cogeneration Project Site and 
Transmission Line Corridor 

FIGURE 1.0-1 
CHERRY POINT COGENERATION 

PROJECT LOCATION MAP 
Prepared by: Golder Associates BP/COGENERATION PROJECT/WA 

Golder Associates 



/ 

~---:. "-" 
I • 102 

"---

z 
iJ-- cocc. : 

I ~ Terr~/! I -
' "" i a 7~ 

~ 
1 II: 6 c%i · .. '-• 

l ,• 

• 
Cl 

; 
I • ;·,··)~~ 

I --V -.: 

Q 

GRANDVIEW 

jr 

~' 

:i 2 

;: 
0 "'~ ~ c-
~ t 
-,-;;: 

..: 
..J 

.. ~ 

75 

<~) 
/c-y 

.' <&. 0%> 
~ -. 

-•L • 
I ·• •:. -- - -
- 1-=- ~-~-~, 

OIL REFINERY - .t. .• '\ 
"i ., J~J - 1 11 ' - .... 

I - • 
C -; J______ ' ' 

~-/·--- 1 •••• / ... l.. . . .. 
,,: ; ! : : : • : : 

= .\ 1 •• ~=~r----~~~ . ; .. 
\ 

• • • 

I 

-,; . -' 
-' ,_., 
Ill-

"":'): 
-, .,, 

BROWN 

! • 

• J. []Q 

f I 

f. 1· 

114 

5 
_.,.., 

Crc('k 

!-

<l 
2j 
:,j 
<+ 
-1 
-J1 
il'.:i 

ij 
' --! 

j 
i 

.:. I PROP~SED ilTE 

• • "R()AD 

...--- I 

I { 
I I 
I ___ J 

8 

1J 

l 
Ro},o 

. .::c·F~ ::--1."'.c: --=------=· -"---=-- -- -~---- _- _-::~----------"-----

Source: USGS, 1994 
Prepared by: Golder Associates 

13 
,/ 
V 
I 

3: !,1 

~ T [_ 

I :{a 1· 
1 0 ,:1=:n::: 

ALDER 

18 

Z, I' I u__,;•.!JI' 
' Q --r--o ,:, ~ 

1 - :·w , o 

• GROVE 

I .,: 1\---· a ( 11: 

1

1 

- ~_,,_-_:_:;J~~=- ----·r-~ -- -~-~/----'---- C .. ~--____ ·_; LONSETH 
I)'/~ . • 8\ - - ·,:· - . - ·-------

••,1IJQ . o 1 ,1 

1
--=~) ' i ; ,: 

~(, \_ ~- ;i 
•• ~ , <,:I I ry,-·~~!tV ''j I ii'-:, ~ . 
I --~ o:, ~ i ~:~ "1] I ,,-, a, , 

1i 6 : I 
,, Q' I 

\. : , \ •i ~]~ . ... ,,,,.,l'_<NR> ;,o_N"· .. _. I--

PROJECT NO. 013 1421_510 DRAWING NO. 94801 DATE 06/05/02 DRAWN BY DC 

ROAD 

17 

(' 

/ 

ROAD 

17 

ROAC' I 
0 

:, 

\ 

/ 

1 Pleasant Valley 
- ~At NE- FERNoAfE ROAD 

/-----~,'--~ Cern 

"'-.. "--------------- ',,\ D a 
<,: 
0 
<l: )4 '-~-, 3 

---~ ----------. ... ~/~ 
'"'"'-.. ' 

,zJi;1.~on:y 

0 

--
I -, 

- .,r:~ 

<.;.-.. \7 -----+---.. ,, - _ __/ '?- --~ 244 
GRANDVIEW 

(,~-('/, 

"' 
-C 

; 
Q 

"' ,: 
:._;. 

IC 

161 / 
~)~ 
~,~ ,., 

·;ldc'f'j 

Kickcn'ille 
Well 9 

284 

' 

a 
<,: 
0 
<l: 

202 

··2n 

1000 

FEET 

_. Grav€1 
~ Ptt 

.... 
r, 
'---,;,,. 

% 

.?40 

Gravel Pit 
)'( 

,•:'1 

16 

r··. ~ LAhE n-:1:ItElil. 

- _J ·I ~TATE ,;,\\IF l!l-:FI ,;;; 

cf 
7 -~- ,-' '\ ~ ---
'i.,•/ ' 

( -/__,.,,_ -- , L.i _,,..,. \ ,· 

_____L.1, -~ -
' I. 16 -- -~ 

I ~ -·, .) __ i\·L ' I (I '.Cl,'.,. l ,. i' 
l. '\ 

_J ' i l): -
r J , / r 

if) 
Lt 

~ ~~ 

; La Ice Terrel:. J':\ 1

_ I 1 2,2 \~<{ 
Borrow 'f\ 

-j '.x'.""'t :;{ A K I~---"<:_-:-"-T E R R E L L l·~-
/ / ' '• J 

2000 

;: 
0 

'<J-:---_ __ -.-
------~-~ :t_. ":-

- -&, 
-1 '·. ':t,. 

"' 10 . 0/ 
• 295 

:r 

C 
<1J 

E 
0 ~ 

0 
:t,. 

,_,a :r: 
-· 

ALDE.P 

'':_t 5 

a.·: 

'"'- "0 

:'284 
0 --! 

D 

a 
<l:, 

"'' !l: 

15 

C 

257)·' 

---------, 

1 
/ 

BR(JWN 
_;-----

GROVE 

a 
Q 

IC 
'-' 

;&, 

d· 
' 

·;,J 

...-----::::;--

--~~'c 

~ 
~ 

FIGURE 1.0-2 
TOPOGRAPHIC MAP 

BP/CHERRY POINT COGENERATION PROJECT/WA 



I ... 

~ 
0 
""" ~ 
~ 
"'t 

~ 
(ll 

0 
o. 
t 
~ 
(ll 

,, 
m 
~ 

CD 
1l 
() 
:c 
m 
:u 
:u 
-< 
1l 
0 
2 
~ 
0 C/J 
G) -
m -f 
ffim 
:u -f 
~o 
0 "'O zo 
;g G') 
2 ::0 
~> 
~~ 
)> -< 

0 

-

,, 
c5 
C 
:u 
m 

-Ji. 
• 
0 
I 

(.,.) 

/ 

/ 

/ 

/ 

/ 

/,, ,,., 

z ....... -. __ 

·,. 



£XPl.ANATIOH 

MoQftulft ••knfof etoc« 
itl f<••< t.GWtoad 
duriflt ~ Stade 

---Boundor, ol ohpq:t'Gc,Nc 
~bdiV'iiSlOtl 

REFERENCE: ARMSTRONG AND OTHERS, 1965 

Prepared by: Golder Associates 
PROJECT NO 013 1421~510 DRAWING NO 96782 DATE 12/18/01 DRAWN BY EL 

.... .. .. 
... 

... 

.,. 

FIGURE 2.1-1 
REGIONAL PHYSIOGRAPHY AND 

EXTENT OF GLACIATION 
BP/CHERRY POINT COGENERATION PROJECT/WA 



·~ 
l 

Geology Types 

liiiiil Qal (alluvium) 

Birch Bay 

iii Qal (beach deposits) 

! D Qb - Bellingham Drift 
g 
2 1,;;,,ti'&\I Qbg - Sand and gravel overlying Bellingham drift 

~' CJ Qt - Terrace Deposits 

'{ CJ Op-Peat 
'rn 1n 

a, 

~ 
~ 
s 
§ 

~ 
"' O' 

t\: 
~ 

Legend 
N Contours (Feet) 

D Sections 

Prepared by: Golder Associates 

~ 
N 

0 0.5 

Scale 1" = 1 Mias 

Map Pro;ectioo: Washinton State Plane North Zone, 
NAD83, Units Feet 

Sourte: WDOE, USGS 

GEOLOGIC MAP 

CHERRY POINT COGENERATION PROJECT VICINITY 

D-awn: GKL App'd: Cate: Jun 06, 2002 Figure 2.1•2 



/'-~ 
. fa 

f 
~ 

0 0.5 1 

MILE 

LEGEND 

A 1----1A' 
Cross-Section 

~ BP Soil Boring 

Water Wells: 

@ 
BP Monitoring Well 
Depth = < 100 ft 
(approximate location) 

Well . Depth = 0-250 ft 

EB Well · Depth = 251-500 ft 

EB Well· Depth= 501-750 ft 

EB Well - Depth= >750 ft 

Rangeffownship Boundary 
T39Nit39N and designation 
R1W 1E 

Reference: USGS. Birch Point, Bertrand Creek, Blame, Ferndale, Lummi Bay 

,i~fj>~,JJY,~,~lder Associates 

PROJECT NO ,QP)121 SUJ "~~~ING NO 94803 DATE 06105/02 

:)r I l L' /:'()/ 
DRAWN BY EL 

,. 

s 1 

C ~ 
~. 

.' I.~ .I I 

-.~--·,·: 

1 ·-·· 1,, ... 
• l ' 
Lr- --

. ::"! 
·."!_-:-_,,, 

., 
L 

, .. 
~~_-."; __ ,, 

. .·.;-..... \1 _,_:_~~r' . ... .. '----~IL 
-j- -· ~·,,~:~· .. ' '. \:·· :, ~ ~-~·: \. '.:' ·. 
,; + (\\ \._ 1 ·····~:.:'.:<~::.:- / ---:. :(l .,: .-~ ~.- . \f. 

- 1· 'o\ ·. 7 -... .. ! ' 

-, 2 ·. - - : '. 'f ' ·I -~ . • .' . I. _/_ 3.3 ' \ • -----
{ I ' j•. 
' \ . . ~;-
) '\ 

/ /·· ·, ... 
'-...._ __ _ 

.. 
EB 40/01-34C . (' ~ 

,, 
-:---:;.~,,~ 

.,..J_ 

-3~. I ·-iz~ .. -
-. ':~7-~~ .... _. -,., 

- .... 

r, 
··~~ 
,o---- ~ '\ - ~ 

.. 
•. 3:, 

... ;I- ------------- ,, 
B' . I ~"-(~. '\· .. :.- .. -.., ... : ~- l 

. . :~ ,I ;.·;_ - ~-.. . . .<"'-- . 
40/1.E-3;R · ··:~)):~- ~ 

• _/'_f !!_._}."1 

. ..,.,-
-· 

~.,~rll"r-- -- P!euaat~alley --. •• ,._, \ 

'--' 

•I·~~~·:·· 
. . / }·: '---~~ .. ' ,_. . ··,·:.:· . --·· \<>" ;-·;~( .. ,r 

r.· 

-~ 
-~---- ~-. -- .J.-• 

· 'r;rrell Cre~kl.. -:. i 
r--

.. 
" 

.. · - ~1-4A,, . ~---\_ . / ·· .. , 
0
.J·1~EB/ 31 Hb 

.··, .~/,..- ·- .. -' :oc.,..; 40,01. ->'~\ ;_ -- : -.. . : ·: ' f 

].. .· 
. ( 

".... ' · .. ,, /' '·- -·"·- -----::...:_ . O· 
'4F"'i • 

~~- . 

. . /~ ,. -::<.:: =~ACK Go§:::,~ . , { ··-~ 2f 
.; I '. i ~-.. EB ... ----~- . .. 

.!'. \ ·, ~--.. ··.... . ACB 982 .. $ACF 599,.'..,.::-~ :·:-,\ ,_,.--·-- ~, 
EEK.BASIN..___ . ···;. · ·<-. ~ .• : .. • • , 

.- ; ,,-., /~;\ ~:.:;~J.,.,. . - r·, ,-: ··_ , ~, 
-,~~-.. ';'• ~' ~ < , .... ../• / ' ./""•.• !}~~.- ..:: C : '•,._: • • .~ - - • • • ~ G~~-~ -)-, AOAD , • . ~t ·~-- . ~ • \ •.."'.·-<--., -, __ : ... ?.. - -- .,- , ! f•t, • .... __ , 

t . MW1 •.•• ~ .. . . ·. I t. • '·' I .'. • I' ;~ ./ ·- ",·.,:,: . . - - -... ~,(f·n -..:. ... ,.:;.~ .. ,,> "';..:, ., - • - - - -~ 
PROPO~EE>_SifE (t/ · .. l · ... ·-f · · < ~- .::-~\. , \ · 

82 ·' ••. § • .. .... ,. .. . · /'·-..._ ~- ·--. -f~":.,< ( 
. . . (,- ·.-· .. ::,,-~ - ' .. r.C.\ .C. -~- '\ -,,.·•.. '""'· ,,..,,,·';.r-r '-- --:r-:---,·~.-- ·, .. l ()\.'> 

U U .· . -~,;\ 39/01/10Fa .. '- .. 'J<• ,· ., " t ·! ·, \ . a1 /J.I ~ ,"\ '. ~, 1 •. , ' . I • \ •, 
I J II/ -- -. f • J,Jj ~ I .., J : '. ~ ' 

.--,,\ '" 1t1 _____ ... ~;-· _j__ .::,_1 ______ ; • . , W 3.9/1 E/1,0K ABO 4~5 ; .~ '"':. 1 
1•• :. .. . ' ~ •• •• • t' I 
• ,• ff!o.!n.ille ' .... ''• · • • < I '1:/ •;' • • \ f~ / · f_·., , ·, "·. 
, . \ r AC13 967'•,<:zi39)1Ei1Hv1EB -..... 
I ' .. l '. I J ; ) . l . \1) ' l . I \. · f c. / " .! ·;! l l ·,. ,!; -· · ; VJ: 39/1Ei1'1N 1 . -;~~ 

, ·, /l:• e,:,,.J" . 2-,., .... :fB I V. __ . t .. ' ·,"',,! \\.\~\ .. j .. '.·:ce~t·.·. JACP140EB: .. ·EB· ACK 620 \_ 

~

JS-~. \"T~,L--l - ~: ' ..... - . .....c"...~.' • )l· . ~ 
1 • •• • · l. · · v. J . • . -r39/01/10R ••.. ,. 

.. # \".;, ,-, .. (.,., ~ ,~-~"- .. l-"1.U ~:.!.l..< ·.- i ~ .. ~ •; , 

' • ' ... :..16' .. JNt. M'. ·1--""' ......... , ... ,,.Alll,e\' ./ • I. - . 14 ... • \ 4 _,- / I :::> • 
• f-\ \ ) l , t I I I ,.,.· f J ' ,· .. 

I 4 /•_--;'°'~ Cr ~--,_~··, \ •,...~- • ,/ 
I .__ \ ,/~""/•· '. ( ... 1

1 
' 4- .. -' \ 

1 , ,, 1 :i,, ,,.ik'. .\ \ . . ... ·· ~ ./"•. ', 

·; .. z.tj . . '·-6 

.• · 

/ 

,; 
:'l. 

-

l,. 
1.8 

l . 1 7' ., 1·· .' .·' · 1 ·-,:, 

I- "· ~: . l \ 1'j.r ·'l . .. ;,·:'-k.· - - ;· -~ .. ~.- ~ . ,·.,"' ;;; . / .. ! • ·I' , ... _ 
.. _I . •<C .... \ • //,J~t:ft,1/f;~}~ .· ·. - (_~.-~ ·-,;. ~-. .I :· ·~ . . ._14 

! ( ~R i1 p'o/ INT 8
17

A··, SIN:/ . ;' i/ I /{}.:'-:.:.;}(::i:L.\.~J.lih "·.'.\1 ·~ -.. -~,
15 

r~, 
B _). 11 1 I 11 . / . : ;._. :. '>;c,,•-;, /:~:~ ,;:.~:: .. -,; /1} : . 0 

l /... ; ·- \ i / 1 JI j Jr -' J f\(i'ij;,; i'o'i.~'fi(,( ', ·1 . ,../,· 

/ ,,.... I I ! I I ,.f-··.·,:. .. ···:·.·•'.:i:,· ...... _,.,,.;,.•,;. .. \~ '· ' l .r 
- / •. -. - , o !, I .:_ _ _-·'(' :;~\~;;~··.\'.:·,·.'{f:;_r ~. _ _.--..--~-';·<~:.1': 

,.__~.,. -- 1-:---~--:---·-:{!'-·1· ~- .• t··-.. t----;·~ldo,y'~ . ii m I • . "/-r.•• • , .. .•• . ,·· ' ' ~ . . vn, . . ~ 

{ -~ / ,' : ~ '"\ • j ~-:_-1::, .. ~ / 1 
• ,.:-~ .... ~:! ·.~: "t ""';i .~.!r..:fh 

'(. ·' t I ti~.,:·;..,..,,;~ i\· .• '., .. ,.,': '1' ····1 ·'"" I • • 

I'. I ,jq 1J .,Ii ,!• ,, .... ,.!!.'• <'.•Q:.';;ftl · , 

,,.- .. 

: ~ , •. . • t t ·u u .. , .. ,~·ut . .f)J.lff.'.)c. ·; ,~\iJW. i • "s • '. . . ~ , ,.· ... ; '\'--:,(p, .. ,,·,,,:_:'' /'.4,,,:c1, :,1•1\'J • -~ : -· JI -;···•c -~ \t~ .. \ .... ..., ttl ·..<'"'\·!'~ 111: • -~ .. 

I': i I •. ',{- •• ·.- .. ,,.,. .:,, "''~;'' - j· ·"· . .. ,:;, .. l ... ~ .. ... ' -- -- . . . 0 ·' ? 'I • . . r· l't ~,. ~""~ . '\,. - "' •. - • ·1 
{ • -'~ .... "°l\•~.:'"'_,? • I - ''°j ~ - ._ .,I, ,C ' 

I. \l•1t11'~-l1,., ,. ,,i(.,,"·,,._,'\, ... ,.,, I • · 1 
/ '.l,~"z)•::-~l!i.-.. ",..,:{~~\.~-=·J,.P.:-;'_!~. -,'I ( ....... · 

FIGURE 2.2-1 
WELL LOCATIONS AND CROSS-SECTIONS 

BP/CHERRY POINT COGENERATION PROJECT/WA 



/ ~ 

I ~ 
300 ,l.o,o,m"'°"' 1 NORTH 

I . 
j 40/01.J 1 H 

200 

t----y- ----- 100 

'-IQ j IU: /b.!> ~~ 

~ 0 

I Ok : I I I i i ____ J~ "" _J - - ; -100 f 
-- ·----+~· ----. ---- , j QI( I Qu 0 f---·--,-------, ' ' ' . j::: 

4'. I > ·--T-----r·--~<- --- r TMu -200 ~ 
I i .... ··t-------,--- -300 

__ _j_ ____ ,- ::_ _____ j . r~-, 
-----t-- . I ----------• -400 

0 2000 

FEET 

4000 

) 
I 
I 

i/ 
? 

·----,--·--··------"-------·-·-·•--·--···-·····-··-·•· -500 

-600 

LEGEND I VERTICAL SCALE: 1" = 200' 

~ CONTACT LINE 

STRATIGRAPHY 

QUATERNARY 

Qbg SAND AND GRAVEL OVERLYING BELLINGHAM DRIFT 

Qb BELLINGHAM DRIFT 

Qd DEMING SAND 

Qk KULSHAN DRIFT 

Qu UNDIFFERENTIATED SEDIMENTARY DEPOSITS 

TERTIARY/MESOZOIC 

TMu UNDIFFERENTIATED SEDIMENTARY ROCK (BEDROCK) 

OCabelK:IProjects\2001\0131421\510\96307.dwglS-13-2 16:04jx:-fi:-

FIGURE 2.2•2 
CROSS-SECTION A-A' 

BP/CHERRY POINT/COGEN PROJECT/WA 

Golder Associates 

,?.~ 



,.···-:.., 

B B' 
SOUTHWEST NORTHEAST 

300 , , 300 

PROF'ti,sEo COGE~ I 39/01 J.F 

i=' 
!:!:. 
z 
0 

2001--~ 

100 

i 
39/~W-13R 

1 I --- -i-. ··--- .. -··· 

, , ; PROiJECT SITE . ·-rt =i- I il~=~~--+· ~ '-·-,,--..... --·- I 

Qb 

B-6 

I 

Qb 

0 

~ ---' = i- ;--:- :--,-,tQb+--1 
- I 

Qk ~·. +- -!-- ~ -- tq ·-······-L t--------~-
l=-

+--· 

-100 __ _.r .. --
; --+---

r , 40nE/34NA 
39/01-4A ~nE/34NB IJ _____ _ 

h_ .. ----1·-~-1 

i= 
<( 
> w 
_J 

w 
-200 

- ! ~-i _ _ _ __ ,:' _ _ -- -· -· . - , : Qk 1 _ - I 

1 

--;o,=V!" - -·· i ---. I . -· 
I 

I 
i ! au' t-· ---··-..:. I . 

I 

-7""-------· 

-400 I- · ·-··-···---·-··-+--·-········-··-·····--·- ---·-- ------·'--·······--·····--········'·· · 

-500 

i 
l .... --t· --------i· ---- --+-- -----: --- -- . :· -----+ .......... -
: , ·_. I 

-1--------------------~'.----~-1--·· --·-·-··-·· 
m-16so.on I . , : 

-600 ' f • : ' : 

LEGEND 

~ CONTACT LINE 

STRATIGRAPHY 

QUATERNARY 

Qbg SANO ANO GRAVEL OVERLYING BH.UNGHAM DRIFT 

Qb BELLINGHAM DRIFT 

Qd DEMING SAND 

Qk KULSHAN DRIFT 

au UNDIFFERENTIATED SEDIMENT ARY DEPOSITS 

0 2000 

FEET 
VERTICAL SCALE: 1• = 200' 

4000 

! 

200 

100 

0 

-100 

-200 

-300 

-400 

-500 

-600 

i=' 
!:!:. 
z 
0 
i= 
<( 
> w 
_J 

w 

TERTIARY/MESOZOIC 

TMu UNDIFFERENTIA TEO SEDIMENT ARY ROCK {BEDROCK) FIGURE 2.2•3 
CROSS-SECTION B-B' 

BP/CHERRY POINT/COGEN PROJECT/WA 

OCabelK:\Projects\2001\0131'4211510\96308.dwglS-13-2 16:04jx:-~:- Golder Associates 

c"'""''-

~: .-,,, ,: 



~\ 

/ C C' 
WEST EAST 
500 500 

- ~-! i-- i -~-.+~~-1--~~~~~-~-~~~}: I JACK150N ROAD : BlAINEROAO --;---- ._ABe__S76 I . I , . - l ] - ------ _ll___ :_ j__J 

100 ...,_ __ _.., • • , • · , , ~ - .. L-! I ,1 ~ ---1 . . 

-Qbg l -: !Qb 

~L : - ; 

--4--- : -- ! -·----{---+-
) 
t ' 
< i ; 

! I 

-·-··---~ ··---+--·-·--t----~---1------~-

400 

300 

---4----~----~----·------·--------

t 
z 
0 

~ 

i o 1--------, 
l 

Gi -100 
...J 
w 

Qb 

Qd 

! - _;..- --+-?- - i - . I 160' ! k Qk 

-200•-----------,-+-------• ---~-------~------------~--------1----'c--------•---------;---------,---------;--------+--------· ------;-----------~--------------+----;--------- ------------i----------,---------,----------'---------

-300 

-400 

-500 

l 
-600 TD l 650.0 Ft 

LEGEND 

~ CONTACT LINE 

STRATIGRAPHY 

QUATERNARY 

Qbg SANO AND GRAVEL OVERLYING BELLINGHAM DRIFT 

Qb BELLINGHAM DRIFT 

Qd DEMING SAND 

Qk KULSHAN DRIFT 

Qu UNDIFFERENTIATED SEDIMENTARY DEPOSITS 

TERTIARY/MESOZOIC 

0 
I 

2000 

FEET 
VERTICAL SCALE: 1" = 200' 

4000 

~ 

400 

300 

200 

100 

0 

-100 

-200 

-300 

-400 

-500 

-600 

;::-
!:. 
z 
0 

~ 
> w 
...J 
w 

TMu UNDIFFERENTIATED SEDIMENTARY ROCK (BEDROCK) FIGURE 2 • 2-4 
CROSS-SECTION C-C' 

BP/CHERRY POINT/COGEN PROJECT/WA 

OCabeJK:IProjects\2001\01314211510196309.dwgJ!>-13-2 16:05Jx:-~:-

Golder Associates 

~~ 



i 

~ . t). 

-.,211 
•n ~;~ 

~~a--· :;:;;:,~1 

0, 

...... 

REFERENCE: CH2M HILL, 1985 

Prepared by: Golder Associates 

.... 
·~ .,,. 

PROJECT NO. 0131421_510 DRAWING NO. 94797 DATE 12/18/01 DRAWN BY El 

1lC,J.2 ~ .. st 

g:uEOJAJt 

......,-1 
((IW(RZOHI 

.. f ~,_;,111,1 ~·~ ,,.,.,,.p-r~r . f SOUTHL<l$T 

D' 

MW-11 Q: 

i~~­ZOH( 

I.OMA%Qffl 

SCAUtNF££l' 

0 .fOIJ 

-,_ISA 
. ....... 1 ZONI! OESCRf PTION 

~ .. ~ ....... ~­-~ . ..-.., • ..-n,, 

=~ey~t-' 

HORIZONTAi. ·l,,,.Jd f:::Si-.i ~ 

• n 
Ud·bd-: 

12-r ... ~--.. 

t.lW,1SA - w.-'-""' -c-n,,--.2,-Stade_.._. 
~tt/1.t 

:r:. :_ .__... 1/n 
_....._...,....__, 

-w-.t:h,<M 

FIGURE 2.2-5 
STRATIGRAPHIC CROSS-SECTION D-D' 

BP/CHERRY POINT COGENERATION PROJECT/WA 



Source: Goldin, 1992 

LEGEND 

12 

80 

93 

184 

Prepared by: Golder Associates 

Birch Bay Soil Series 

Kickerville Soil Series 

Labounty Soil Series 

Whitehorn Soil Series 

PROJECT NO 013 1421_510 DRAWING NO. 94802 DATE 12118/01 DRAWN BY EL 

FIGURE 3.1-1 
WHATCOM COUNTY SOIL SURVEY 

BP/CHERRY POINT COGENERATION PLANT/WA 



0 

20 -E 
.::,t. 40 
.c - 60 a. 
<1) 

a 
80 

100 
0 

Pacific 
plate 

"' Thru$t .laUlt al 
\ plate botindaly 

' Other falllt y "\. Spreadng. ridge 

'···\ 200-m :lsobath 
~ OAeo-sea 

50 

Prepared by: Golder Associates 

Source: Atwater et al., 1995 

er-r. ./JO. O:C . .. _ ' . . 
(!,oo,.o 0 

" 0 

• 

----

100 150 

Distance (km) 
Source: Dragert et al., 1994 

200 250 300 

FIGURE 4.3-1 
MAP AND CROSS-SECTION OF THE TECTONIC 
SETTING AND INSTRUMENTAL EARTHQUAKES 

IN THE PACIFIC NORTHWEST 
BP/CHERRY POINT COGENERATION PROJECT 

PROJECT NO. 013 1421_510 DRAWING NO. 94798 DATE 05/14102 DRAWN BY DC 



0 

• 

' 

------
N 

' CANADA 

Deep Ea"llqualres (40 mlles below Ile Eart11·s surface) are within the subductrtg 
oceardc plate as It bends beneath Ile cmtrtenlal plate. The largest deep 
Nallwest earthquakes kno.m v.ere rt 1949 (M 7. f), 1965 ( M 6.5), and 2001 (M 6.8). 

Shallow earthquakes (less llan 15 m lies deep) are caused by fauUs rt the 
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L:l.J,6. Mt. St HelensJOther Cascade Volcanos 

Source: http:llwww.ess.washington.edu/SEJS/PNSN/ 

Prepared by: Golder Associates 

FIGURE 4.3-2 
CROSS-SECTION AND MAP SHOWING PRINCIPLE 

TECTONIC FEATURES AND HISTORICAL 
EARTHQUAKES IN WASHINGTON AND 

SOUTHERN BRITISH COLUMBIA 
BP/CHERRY POINT COGENERf.TION PROJECT 

PROJECT NO. 013 1421_510 DRAWING NO. 94799 DATE 05/14/02 DRAWN BY DC 



, , 

~ 
I 

I 

,' WASHINGTON 

3 
I 

I 
I 

I 

\ 

' 

I 
I 

I 
I 

' .. 

OREGON 

.. 
' ' ' ' 

CALIFORNIA 

Source: UBC, 1997 
Prepared by: Golder Associates 

PROJECT NO. 013 1421_510 DRAWING NO. 96821 DATE 12/18/01 DRAWN BY EL 

2 

NEVADA 
', ... _____ .,,,. 

FIGURE 4. 3-3 
UNIFORM BUILDING CODE 

SEISMIC ZONES 
BP/CHERRY POINT COGENERATION PROJECT 



zl_ ... :]\ ~" 

{ 1-\ \ 
50°00' +' .. ~~. ~ \ v 

F",',- ·)j~~ . 
,r . ·"r(" ' ; y~-·~ i~· 

'.._i...~·.~ i ,:r, '' 
·...,,'f! ,;'l}(,.f. - ~ ..... -~-l-ol!.!f.\ 

49°00' -

Pacific Ocean 

Earthquake Magnitude 

• 3.0 - 3.4 

48°00' -, 0 3.5 - 3.9 I 

0 4.0 - 4.4 

0 4.5 - 4.9 

0 5.0 - 5.5 

• 5.5 - 6.0 

LEGEND 

I\/ Rivers 

N Washington County Lines ~ 
N 

0131421510_051302.apr 

} ,. 

0 50 100 Miles -
0 80 160 Kilometers 

Scale 1" 25 Mies/ 1 1,584.000 

~~"il \_ 

Map Projection 
Washington Staten,ne North NAO 83. Units Feet 

Sources: Washington Department of Transpatation, 
Washington Oepartrrent of Ecology. 

USGS. Nov. 2001 
Easte<brnok. et.al. 2001 

120°00' 

ff . j 
,!' .,~~ 

119°00' 
I 

~ 

~ >250°00· l I 

<... "--(" l / '-' ~48°00' 

Seismotectonic Map of 
NW Washington - SW British Columbia 

BP CHERRY POINT COGENERATJON PROJECT 

0-awn. GKL I App 'ct Date Jun 06, 2002 I Figure 4.3-4 

Golder Associates 



i 
' i 
j 
~ 

j 
:J 
1 ,. 
1'. 

t 

I 
j 
l 
! 

} 

J 
~ 
.; 

1 
:j 
J 

i 
j 
\ 
) 

{ 

l 
l 
5 

- ___ ..,;.,; 

r, 

c11 

~ 
( 

J,o 
~ 

~' 

,,, 

4 

' ""\ ,,, 
& 

. .: .. , 

'" 

_., 

_Ulke_,· 
··~ 

'-

\; 
'\ 

\ 
\ 
! 
I~ 

\ \ . 

I. "" 
\~ 

' 'f 

~~ --, 

,.,, 

:,:-~ 

OflEN-ALE REPORT -

" ·,. 

·~=:::'-\}~·----'"'·--·. 
MOUNT,BAKER ·-"~,. '~fq · .. · , 

. \ ·--::,~}. / .J 

··.:;,,:::'('Jc 
·1<-~_-; &,kh 

Lue 

POTENTIAL VOLCANIC HAZARDS FROM FUTURE ACTIVITY OF MOUNT BAKER, WASHINGTON 
by 

Cynthia A. Gardner, Kevin M, Scott, C. Dan Miller, Bobbie Myers, 
Wes Hildreth, and Patrick T, Pringle 

1995 

Explanation of Flowage Hazard Zones 

_J 

CJ 
l/·/1 

Inundation ~one for Cue 2 debris flows: Area that could be affected by cohesive 
debds flows ...i.ted to die diNIOIJl"atlon of mod-• w .,...n d41>ris 
avalanchn from Sherman Crater or upper Aval•nc:he Gorge !Rainbow Creel!). 
Recurrence Interval for flows from either source Is 180 yea,s or less jmore 
frequent). This case represents a debris flow •nalog of the 108-yeer flood, 

Pyrodntic flowage luinrd mne: Area that could be affected by pyrodastic 
flows.. pyroda$11c surges. lava flows.. and balhtlc debris from fvtur. 
eruptions. During ..,y given event some parts of the mne may be completely 
unaffected by these proce$$ff. wh«eas other areas may be advenely affemd. 

Town boundarlei, Town boundaries shown.,,. not official corporffl boundan.s 
but •• drawn by the euthon ...,und .,...s of CM.f•cta urban,.uburban .,.. .. 
u indicated by the highest coneet1tratlons of roads dtpi<'ted on USGS 
1:100.000 quadrffl!INS of lat•1980's vintage. 

W111<1rbody 

Stream 
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1,,._.ndatlon zone for Case M debrl$ flows: A..,a that could be affected by cohesive 
debri,; flows that originate•• la,ge debris avalanchH of hydrothermally altered 
rock ITOm the volcanic edifice. Case M flows could occur with or without 
eruptive •ctivity. Only one C..... M event has occurred at Mount Saker in the 
pMt 1,.000 years, this is the large debris flow in the Middle Fork of the 
Nooksack River identified br Hrde and Crandall (1978). Deposits f,om this 
d.t>ris flow can be mapped as far downstream as the community of Oeming, but 
presumeably thls flow continued to Puget Sound. This dMignation i1I also given 
to two scenerios of potenti.olly c•tastrOPhic events. One is a debris flow of 
sufficient size to overtop the divide between the Nooksack and Sumas Rivon and 
sendinv a flow down the Sumas River. The other i$ a debris flow or flood that 
movtt down the Skagit River vaRey as the result of a volcanic event that 
causes the failure, or a wave overtopplng Bake< Dam. 

Inundation zone for Case 1 debris flows: Area that could be affect~ by 
noncohe>lve debris flows relat+d to malting of $nOW and ice by the Interaction 
with hot matef'ial either during periods of magmatic or nonmagmatic activity 
(steam ekpl0$lons. hydrothermal activity, etc.I. Recunence Interval In ekcett 
of 500 yean, The possibility of an event wiU increase if precursory volcanic 
acthllty ls detected. Cua 1 flows are not shown on the east side of the 
volcano as potential inundation levels are the same as for Cue Z flows. 
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FIGURE 4.4-1 
MOUNT BAKER VOLCANIC HAZARDS MAP 
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Lateral Blast Hazard Zone. Area that could be affected by a lateral 
blast similar in size to the May 18, 1980 lateral blast event at Mount 
St. Hefens. During any given lateral blast the entire area around the 

volcano (360 degrees) would not be affected, but rather a sector most 
likely between 90 and 180 degrees. 

Source: Gardner, et al., 1995 
Prepared by: Golder Associates 
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ATIACHMENT A 

WATER WELL LOGS 



Tile 0Tjr\nal and Ttnt Copy with 
D<epar1ment of &oloCY 
Second Copy - Owner•, Copy 
Third Copy - Driller·, Copy 

WATER WELL REPORT , ApplJc.;oUon l'IO. ······· -······· ·······-· 

. STATE OF WASIIL"i'GTON hnnlt No .•.•....... ::. -···· 

BlaineRd •• 6 miles no. Grandview Rd. 
• •••••o.•·-•-••••-• .. ••• oou•• •••••••---h---••.-••••• ou•-••••• • ·-•••• ·• ••••••• •••• •••••--··•-•••.-(1) OWNER: Name ......... .J!..~-~.!::t .. }.n.~<:.En..a.tJ~~.a. .. L.!.~~-~---·-········ . Addres5 

'<'\ LOCATION OF WELL: CountY---··· .. 'What:.com-··-····--·········. 

(3) PROPOSED USE: Domestic O Industrial O 

Irrigation O Test Well ~ 

Hunlclp,tl 0 

Other 0 

4 TYPE OF WORK l)wuer·s number or well ( ) : , ,r more than one>.... 'WL82,..a ... --····· 
New well O Method: Due O Bored 0 
Deepened O Cable O Driven O 
Reconditioned O Rotary XJ Jetted 0 

(S) DIMENSIONS: 
700 

Drilled ... . ········-·········· ..... !t. 

Dt&meter o{ well ... ···········-~······· Inches. 
Depth of completed well ........ Gr. ... ~----.lt. 

(6) CONSTR°lkTION DETAILS: 
Casing installed: .... .... § ... :· Diam. from ....... .Q ..... ft. to ____ §..?.Q. ft. 

Threaded a 
Welded m 

····-··········" Diam. from -·······-··- ft. to ---···- ft. 
··--:-······-·· Diam. from ······-·-·-- ft. to -·--·-- ft. 

Perforations: Yes a NoG 

Type of perlorator used.·--·····-···-·-·-··-··--·--······-------·-·-···-

SIZE of perforations ·-·--·-··-----··-·· In. by --------- ··--- in. 
--···-·····-·-··· perforations from -·-···-·····-····· ft. to --·······---- ft. 

···--··-·····-- perforations from -·-·------···-· ft. to -----····--··- ft. 

---·-·--·-···- perforations from ·--·······-····- ft. to -------·····-··· ft. 

Screens: Yes D No ex 
Manl1facturer·1 Name .... ·---------··-···-·-:·-----·--------·-···· 

Type-----·--····--·-----·-· Model No-. 
D1am. ··----····· Slot size ····-···--···· from ................ ft. to --······--·· ft. 

Diam. ·-··-·--····· Slot size ... ····-----· from ············-- ft. to ...... ----- ft. 

Gravel packed: Yes O No OX Size o{ gravel: ·-·-················-······ 

.Gr.,,·el placed from ·························-·-··-·· ft. to ····-······-··················-·· ft. 

Surface seal: Yes o No ID To what depth1 -········-··········-- ft. 

Mate:ial used In seal ................................ ································--··-··-··-······ 
Did any strata contain unusable water? Yes O No O 
Type of water? .................. ·-----········ Depth o! strata.·-···-····-····---···-···· 

Method of sealing strata off ............................ - ... : ........... ·-···················-·-:·· 

(7) PUM:P: Manufacturer·s Name ....... ·-·····-··················--········-····--··············-·· 

Type· --·---··········-·-·--·······-·············--·-··-···-·----···-······ H.P -·-····-············· 

WATER LEVELS Land-surface elevation (8) ; above mean sea level ...................... - .. - .. ft. 

Static level ··········-······--·······················ft. below top of well Date .. ·····--··-················ 
Artt-sian pressure --·····-········-······--.lbs. per ~uare jnch Date.-............................ . 

Artesian water is controlled hY--·--··----···········--······-·--··········-····-···· 
(Cap. valve, etc.) 

(9) WELL TESTS: 
\Vas a pump test made? Yes D 
Yield: gal.Im.in. with 

Drawdown ls amount water level Is 
lowered below static level 

No O If yes. by whom? .... 

ft. drawdown alter hrs. 

~e<eover/ data (time taken as zero when pump turned off) (water level 
m~asured from well top to water level) 

Tim~ 'Nater Level I Time Water Level I Time Water Lev~I 

············-··· ···············-·-····1······-········ ····--····--·-·······-·r·········-·-·· ·····-··········-····-·· 
················ ...................... ,. ............... ······················· r············-· ···-···················· 
·--··-········· ····· ................. i ... ··-·····-·· ··-···········--·-·····'··-······· .. ···· ··--·--·-·········-····· 

Date of test ·····-·-···· 
Bailer test ....... D ........ gal./mln. with... . ......... ft. drawdown afler .... --............ hn. 

. ·-···-·-- ${J.~ • .. /v.'W.-. Scc_S.. ·· T.;39 ti .• R ... / Ji.·.M. 

( 10) WELL LOG: 
Formation: Ducnbe by colot', characterJ .ue o/ material and llructure and 
Jhow thickness of aqv.£Ju1 and the klM and l'l<lture o/ the material tn 'eo.<:h 
stratum pe=trated, unth at lea.st one tnlTV fot' each change of formation. 

MATERIAL TROM I TO 

_Brown sandy~~il___ 0 I 4 
Tan clav 4 ! 14··-
Gray cla_y__ 14 : 341.z 
Gray c lU. grave 1 and clam she 11 s, _)4_jL _ 45 
Gray ~ some grave 1 and a : 
few clam shells ._'9 .. +=-~jo _~ 
Gray clay gravel and some clam. 

7 89 __ _ 

and clam , i 
Gray clay ----......!-l.2.L.1-1..9.8_ 

-Gray sand gravel water scatcered I ___ _ 
claro shells, coal aod wood 1 ~i'£~fill'! 
Switched to mud at 220 ft. ~ i 

___,G ...... r~a~Yr--og .... r~a~v~e~l..__,a~oL~a-c~l-a-.1-Y-------- ~ 230~4 
Gray sandy c 1 ay and g.rn.e _____ 2.3iL'._ L45 

t 

Gray roed to conrse sand and __ !~~;;;i;;:;...-;::;z..,.;. 
clam shells 

gravel - caves .....,._, 
clay scattered gravel 313 510 
clay j 510 l 580 

Gray sand I ~ff' 
_G.ra)L-clay I~-
work startea _______ l.J.:::.i_~-. 19.13-i .. Compltteo ..... J}.:::§ ... -... 19 .. 8 2 

W.ELL DRILLER'S STATEMENT: 

This well was drilled under my jurisdiction and this report i~ 
true to the best of my knowle<lge and belief. 

NAME .... Jl.ay_~.?-... -W.~Jl...P.r;.tJ.l._i.r1g ... ~ ... f.tJn1p;; .... r.r1.c:.~ ....... . 
(Person. firm. or corporation) (Typ<e or print) 

Address ...... 1.~.P .... ~.0.1.~-~Y .... ~~ .. ~ ...... ~.°.'.':1..! ... ~il-~_1:1.~.1:g.t.<?.~ .............. . 

{Signed] .. ........ si..r:..ue ... ~Jh£r/ ............ ............ . ~~ Driller) 

Artesian flow ........ -----··· ·····-··-········-····"-P.In. Date ............ ·-··---·-·-··-···-····--·---
Temperature o! water...·-··· ... Wa.3. a chemical analysis made1 Yes O No O License No ...... 7.62 .............................. Date ...... 1 . .,..,6 .. ..... , 19 .. 83 



l?U,J U ;: . ·--i~A r £ R II ELL R £Po RT Start Card Ho. 11072328 
5 SO 1 l.!::i ... · -· - .__, STATE Of IIASKlNGTOH IIUer Ri9ht Perait Ho. 

!!!.~~~!~:.~!!!.!~!~~!~~-~~~~~~~!!~~---··········~~~~!~~----~!~.~~~~~!~-~~!~~! .... !!~~!~!~~!.!~ .. !!~~~=--~~::.J.~ .. ::!~~ 
-.......i2i LOCATION Of IIElt: Countv IIHATCON • SE 1/4 SE 1/4 Sec 13 T 39 II •• R 111 1111 

''al STREET ADDRESS OF NELL lor nearest address! CHERJlY POINT 

::~:~~~~~;;~:~~;;:!~;!:~~~~::::::::::.:::::::::::::::::::::::::::1-~!~!.~:~~-~~~---······································-~~:::::: 
Ul JrPE OF IIORX: Owner's Number of well ! fonation: Describe bv color. character. size of uterial 

llf 1ore thar. onel 1 1 and structure. and show thickness of aouifers and the kind 
IIEII WELL Nethod: ROTARY ! and nature of the aaterial in each stratu1 oenetrated, 11i th 

................................................................. : at least one entry for each char.ae in for1ation. 
151 OIIIENSIOIIS: Oiaaeter of well 8 inches !·································=······························· 

Drilled 1320, fl. 5 Oeoth of coaoleted well 198 ft. 1 MATERIAL ! FRON .••..••••••••.•••...........•.......•.••.......•.••......••••.•.• ! ~nAVEL l SAIID 1, 0 --······-·············-·········--··-·--·--··-·····--············1 an 
161 CONSTRUCTION OfTAllS: ! 8RONH CLAY l GRAVEL ' 4 

Casino installed: 8 . Dia. fro1 t2 ft. to 187.5 ft. : GRAY SILT ClAY l GRAVEL ! 14 
IIELOED . Oia. frot ft. to ft.! GRAY SAIID SILT & CLAL-. _________ ! 74 

. Oia. fro• ft. to ft. 1 8ROIIII SANO SILT l GRAVEL ·t 129 
·························································-! GRAVEL C088LES l SAKO ij'3~~ 

Perforations: 110 : GRAY SANO l GllAVEl - .: •. · 1_$ ... 
lvoe of oerfor a tor used : GRAVEL l GRAY SAKO _ 
SlZE of oerforations in. bv in. : COBBLES GRAVEL l SAMO____ , . 

oerforations fro• ft. tc · ft. : SILT l SANO _ -! 250 . 260 
oerftorattJons ffro1 !tt. tto t

1
f. l SGRAKA

0
VE~,CLOT8!lG£RSAlVE~AHD i t2

7
60~.1.j~t

6
·'9f
2 

... 
oer era lGilS rJc . . c •• 1 ... • .. ! l

362 
1. 

3
~

63 Scr;;~;;·YES·················································! f~~ol:110 SILT l GRAVEL ! 363 : 397 
r.anufacturer's Hate IIAGAOJ:A ! GRAVELY SANO l GRAVEL__ ! 'U~ff 
Tvpe STAllllESS STEEL nodel No. : GRAVEL SAKO l CLAY . ! 548 : 560 
t,iaa. 8 slot size 50 fro& 187.5 ft. tc 198 f~ : GRAY SILT SAIIO l GRAVEL : 560 ! 585 
{liaa. slot size fro, ft. tri ft. : GRAY SANO SILT l CLAY ! 585 : 599 
··························································: GRAY SILT SANO l CLAY. · j 599 : 608 

Gravel oacked: 110 Size of aravel : SANO SILT l GRAVEL · · _ - _ _ _ . 608 j 619 
Gravel claced fro• ft. to ti. ! CLAY l SAND --- 1 __ 619 , 625 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

1 SILT SANO l GRAVEL -.1 625 ! 650 
Surface seal: YES To what devth? 50 ft. : SAKO SILT CLAY l GRAVEL , 650 ' 

Material used in seal BEKTOHITE f 1 ' 
Oid any strata contain unusable water? 110 1 

1 
Type of water? Oeoth of strata ft. 1 / 
nethod of sealing strata off , 

·································································j ~::::: c:; E:. l \/ E::. ~ 
!7l PUNP: ~anufacturer's Na1e 

1 1 
······-·················· Type ____ ·····-··········· 1!.P. ___________ , MAY O 2 19971

1 ···------------·-------------·········---------------------------. ·:) WATER LEVELS: land-surface elevation 1 1 above 1ean sea level ... ft. 
Static level SO ft. b~low too of well {.late 10/2,/96 I OE?T c: f '.. -~ l,y 
Artesian Pressure lbs. per sauare inch Date ! r 
Artesian water controlled ty • I 

! Nork started 08/12/96 Co1oleted 1oi24/96 
---···----------·--·-----·-····---------------------·-····-····-·------------·--------------------------·····----···---------------------·--·--·--------------------·------------------------------ -------------------------------------------------------·-·-······ ·11 WELL TESTS: Orakdown is aaount water level is lokered below : IIEll CONSTRUCTOR CERTIFICATION: 

static level. ! I constructed and/or acceot resoonsibilitv for con· 
xas a ouao test 1ade? YES If ves. bv whc1? R08IHSOK l KOBL ' struction of this well. and its co1oliance with all 
Yield: 100 oal./1in with 58.5. ft. drawdo~n after 7.5 hrs. 1 Washington well construction standards. ftaterials used 

· and the infor1ation reported above are true to 1y best 
Q.e:overv data I knowledge and belief. 

Ti:ae . Water Level Tise Water Level Ti2e !iater level ! HANE HAYES ORILLIKG, IIIC. 
1 (Person, firs, or coroorationl (Tyoe or print) 

II ADDRESS 556 Ek 
Date of test , 

Sailer test oal/:in. ft. dra~dowr, after hrs. I [SIGHED] • nse Ho. 2189 
:.ir test oalhin. "' s~e, set at ft. for hrs. j 
~rtesian flow · o.o.a. Date Contractor' 

::;;;~~~~~~;;:~!:~;!;;:;:::::::~as:a:cheaical:analysis:1ade?:YES= (:Registratiq,i ::::::::::::::::::::::::::~~;~:~!;I~;;;:::::::::::: 

5872 



Tile Orlglnal and First Copy with 
Department of EcoloCY 
Second Copy - Owner's Copy 
Third Copy- Drtllcr's Copy 

WATER WELL REPORT 
, -

AppUcaUon No. ···-----······- .... 

inc and distance !rom section or 5ubdlv~~~n corner 

(J) PROPOSED USE: Domestic ty"'tndurtrlal 0 
lrrl1at1on D Test Well 0 

Municipal 0 
Other 0 

(4) TYPE OF WORK: ~;'~~;~ ':.ttW:Ob~~e~~.":~1~·-···-···-·./_-·-··-·--·-
New well t;r/ Method: Due O Bored 0 
Deepened D Cable Ck- Drtveo 0 
R~ndltloned O Rotuy O J'etted 0 

' (5) DIMENSIONS: Diameter of well ........................... Inches. 

Drilled ............................... ft. ~pth of C1>mpletcd weU.. ........ ---.. --.A. 

(6) CONSTRUCTION DETAIL.5: 

Casing installed: ............ _:· Diam. from -·····--.. ft. to ----- tt. 
Threaded O - .. ·/.-·-" Diam. !rom -·:;o···- ft. to ?Ti,<·- tt. 

Welded~ ..... lf2--.. Diam. !rom .. U. ... - ft. to ~f- 1t. 

Perforations: Yes o No~ 

Type o{ perlorator used..-........... - ........... ----·-------

SIZE of perforations -·---·---·---·-· In. by ----·-----··-- In. 
........................ perforations from __ ................... ft. to ---··-·---.. tt . 
............. ········- perforations from ........................ tt. to ---·-·-.. ·- ft . 
........................ perforations from ........................ tt. to __ .. ______ ft. 

Screens: Yes O No el/ 
Manu!actunr's Name .... --.. --··-···---···---· .. ----···-·-----·-· 
'IYP"·----·--·--··---·-----·-··- Model No._ ... _______ _ 

Diam. ············- Slot size ................ from ............... ft. to --···--- ft. 

Diam. .. ............. Slot si.tt ····-·····-- from ................ ft. to ............. - ft. 

Gravel packed: Yes O No ~ Size of gravel: ................ -----

Gr .. vel placed from ..... - ................... - ..... ft. to ............ - .... ·-·--···-.. ft. 

Surf:: seal: Yes~ W> O~o wh3)..dept_!).7/../.:f... ______ tt. 

~i~te:~a; :~~n c::~~~--~fto·;-· .. ·--;.~·-o 
Type of water? .................................... Depth of strata ....... -·--····-····-···· 

Method of sealing strat.l oiL ........................... -············-····-······-······-···-

(7) PUMP: Manufacturer's Namc .. ·-·-······--··············---·····-···----·-···-···--

Typc · --·-·-···---·-·-·--···-··-· .. ---······-----···· .. ··· H.P ···-·-·--···--

!~lc:~~~-~J:~~-~~-----ft~~:~::::i~:::r~:~~~~~-:::::=:.~~~===~~-: 
Artesi= pressure ··-··-·-··--·-·····-·-Jbs. per square inch Date ... - ......................... . 

Artesian waler is controlled by .... ·-·----··-·-·-··-····--.. ··········-··-·····-·· 
(Cap, valve. etc.) 

(9) WELL TESTS: 
W:,..s a pump test made? Yes D 
Yie!c: gal./min. with 

Drawdown ts amount water level ls 
lowered below static level 

No D U yes. by whom? ............ . ft. c,awdown after hrs. 

:ci"c:ovn;r dat;:, (time taken as z..ero when pump turne,d off) (waler level 
r:i.e3..31lr~d i:om well top to ".i-·ater leveJ) 

Time Watzr uvzl I Time Water Level I Timz Water uvel 

.................................. 1::::::: ........... :::::.::::r:::.:::::~:::: ... : ..... : ............ . 
•••l-ooooooo••••••o• OOO•• "••••••••H•ooooo :--0#0000000o00-0 0ooooooo00000•0oo00000o0 

D>to of (<:st ·-·-~·-·r:;r.·~-
3:l.lkr .est ......... £. ....... galJrnJn. with ............. .ft. drawdown after .................... hrs. 

A rt=lan tlo71 ....... -·-·--·-··-----~-··---'! .p.m. DaUe ........................... ---··---··---·· 
T~mpcr.:itur~ of w~ter ............ Wa.., a chemJco.l analy•u made? YC3 O No O 

Permtt No .•... 

(IO) WELL LOG: 
Form•Uoa: Dncnbc by color. charoctff"., ri:re of material and rtructure and 
•houl thickneu of aqulf.cn and the lctna. and "4turc of th« ma.ttrial t11 ·each 
stratum pnu?trated, totth at least on« ~tri, for ca.ch change of /orma1lan. 

MATERIAL 

Work st=tect.S~J$ .......... 19:[;j_ Completed __ '1-c..JJ_ ....... 19-¥)~ 

WELL DRILLER'S STATEMENT: 

This well was drilled under my juris<liction and this report is 
true to the best of my knowledge and belief. 

NAME~-~.<?.. .... ff::~.?t.t/J. ..~0-........... . 
(Person. firm, or C1>rporation) · (Typ~ or pri.ri~) 

k/1 £- t<?-1-A -·~/ . , 
Address~./.--~-i:r--... .V.~A..J;,t£ffe.~--j;&x.?;:?Y..c!. ·· 

[Signed]~ £/_.,?~ . ............... ··· 
Llcens,e No ........ ft.Z ................... Date ... :.Y ... < ... v.~::? ...... , 19§"_~~ 



Tile Orlf1nal ~nd First Copy Tltth 
0,..partmen\ o{ Ec-ology 
Second Copv - Owner·s Copy 
Third Ct>PY ·-- Drlllcr·s Copy 

WATER WELL REPORT 
STATE OF WASHINGTON 

..., 'I , . I 

AppUcaUon No. -·-·--- .... -··-······-·· 

----- --·----- . --1--.....,------------------------------.,..-----,.--,.--..,,...---
(1) OWNER: Name ....... . 

(3) PROPOSED USE: Domestic lftndu.rtrlal O 
trrtration O Test Well 0 

Munldp&l 0 

Other 0 

( 4) TYPE OF WORK: ~;'!e;;~u:i~~1f_ -~~~---····· ······---·----·--
New well l2r" Method: Due O fared 0 
Deepeoed O Cable a,;' Ortveo O 
RttandJtJoned O Rotary O Jetted 0 

<i 
Diameter of well ·······-·····-,-q-tnchea. 

Depth of completed weu_;J.J.-____ -1\. 

(6) CONSTRUCTION DETAII.S: 

Casing installed: --··-·-·-·· Diam. from -----·- tt. to --- tt. 
ThrUded 0 

Welded pr' 
---,·-· .. Diam. from --..;\"··- tt. to J..-, tt. 
.. ·-¥'····-·· Diam. from _.u_ __ tt. to ~IJ.-v- tt. 

Perforations: Yes o No v/ 
Type of perforatc,r used----· 
SIZE of perforations 1.n. by ------- ln. 

·-·---···-····-· perfcrations from--·--- tt. to-------· tt . 
. -··-······-·····- perfcratlons from ------ ft. to -----··- tt. 
---··---- perforations from ------- ft. to ----- tt. 

Screens: Yes ~ ?lo D 

Type .. -. · Model NO-------

Diam. --· ····- Slot ~ze _'? ___ from -;r·--··· ft. to ~---·~q tt. 
Diam." _ .. ]; .... _. Slot sue ~'D- from J.J.i/-- ft. to si-3±_ ft. 

Gravel packed: Yes O NoEJ"" Size of zravel: --··---·---·· 

Gravel placed from ··-·------ tt. to ----------·- tt. 

Surf:.:,:;!'.;:~~•)_,;~~~~-~ 
Did any strata contain unusable water? Yes O No O 
Type of waterL---·--··-----·- Depth of strata·-----·--···--­

Method ot sealing strata o!f-·-·----------·-·--····--

(7) p~'M.:-~~;::-2*= 
(8) WATER LEVELS: ~i;s~e!i't's!!"I:~el~ ... ···--··-·----ft. 

Static level ..... ---·····-············--·--·.it. below top of well D.ate .. ·--·-·----·-
Artesfa.n pressure --·---······-·-·--11>5. per :;qu.u-e Inch Date ________ _ 

Artesian water 1'. controlled bY-------··--······-··-·-··-·---·-­
(Cap, valve, etc.) 

(9) "WELL TESTS: 
7lx; :i pump test made? Yes D 
Yi2ld: gal./min. mth 

Drawdown ts amount water level is 
lower,,d below static level 

No O U y,:s. by whom? ........................ --····-··· 
ft. d.rawdown after hrs. 

a=ver.1 rl.ata (time taken as z:ero ,rh= pump turned off) (water level 
me=ed from well top to ?1ater le.,el) 

Tim" Water L;,vel I Time Wa:er uvd I Time Waler u,,el 

•··············· ....................... , ............................................................................. . 
I 

---· ·------- -···· -- ··-············+·········-···-- ... ·········-··-······· ;---·--·--··-··· ...................... _ 

Date o! test ................ ------.. ···-··········-·-···---·· 
da1ler test ................... gal./m1n. wlUL. .. _ .... _ .... ..!t. dnwdown after-···-···-·-···.hn. 

Artc-s!.1.n flovr .. ·-····-·-·······-·······-·-·············--Z.p.m. Date .. ---·--··------
Tem;:,craturc ol water.. .. Was a chcrnlcal =alysl..s made? Y~ 0 No 0 

(10) WELL LOG: 
FonruiUoo: Dcacnbc~ color, ch<sroc~ .ue of ffl4tttial a1ld ff1"1£Ctll~ G'ft4 
,how thi.ckneu of aqu en and the ki~ 11nd t>atun of the matn141 ta 'ea,:h 
.iratum ~trattd, th at lea.rt <nu cntrv for each c.l&migc of formm.lcn. 

MATERIAL FROM 

..... 
/ 

./ 

Worl< rta.rted....fr.-=d:.d,,. ___ , 17-.j Completed.._J.::::._;;_ ____ • Jg~ 
I 

WELL DRILLER'S STATEMENT: 

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

Nfu"yfZ, .. $..'ef:. .. C.. ___ .U(.~~---'(}. .1:6 .. , ... 
(Perron. firm. or corpon.tion) ~ o.r prtnt) 

Address.11.-ff: . ./~.t/W.. ... fµ: .... ~~.~ 
[Signed] ..... ~~~., ............. . 
Llcen3e No ..... /..~.£7 ............... _. .. Daf.l! ... J:::-: .. /!j...--····• 19 .. r.1 

2 



(2) 

(2a) STREET ADDRESS OF WELL (o,,_ ~l 

(3) PROPOSED USE: A Domestic lnduatNI o 
0 ln1ga11on 
0 O.Wa1« Tec!Wel 0 

Munq>.i a 
OU- 0 

(-4) TYPE OF WORK: ~·~~r_ ... __________ _ 
Abandon«I O New -' }!. M.lt(xj: Oug 0 

o..pened D ... ~,.9.-
Recond1ioned O """"l.,A. 

(5) DIMENSIONS: 

Drilled ~<) 

B<lt9d 0 
Ott.,JnQ 
JetledO 

{6) CONSTRUCTION DETAILS: 

6 . f:Mm.nim-f..£-S-ft.10 /9.S- ft. eu•nou= Welded , 
Linet. 
1'hreaded 0 

---· Olam. tom ____ .ft. 10. _____ 11. 

---· Diam. tom ft. 10 ft. 

Perforatlonl: Yea O No 

T)1)8of pe,1orat0f used -----------------
SIZE of perla<a1ionl ________ In.by ________ a. 
___ perlorations from ______ ft. 10 _______ 11. 

---- perlorations from ______ tt. 10 _______ tt. 

--- perlotations lrom ______ fl.10 _______ tt. 

Gravel peeked: Yes 0 No 

Gravel placed from -------

Surface seal: Yes No0 
Malarial used in seal _____ ,L_,::::z~a~~:1.J~:i':'.:'.._ __ 
Did arty strata contain unusable water? Yes O No Ji!( 
Type ct waler? Oep(h ot strata ____ _ 

J.Ce1!>od ot searino strata or ----------------

{7) PUMP: Manu!.1C11Jre<'s Name--------------
Type: ________________ H.P. ___ _ 

~()' cat.a (tme takoo as zero when ~ ur.9d of) (wa<.a: !sv,,I measured from wet 
11:p :a water 1evsl) 

T :mo Wale< Leval i T.-me Wal« l.iM,I Tm;, Wale< l.8Y9I 

Department of Ecolom-1 --

Date c:Atost --------------
8,J,'Ja<ta:Jl ___ gal/min. with ll 5(.~ a/la( hrs. 

,'Jrtast f3 gaL/min. with ~\om sct ~ / 7,<,~ ft. let ~r~A_...... __ hrs. 

Mo,;,an 1\ow--------~ p :n Oa,, --------
. (, 

(10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION 

formation: ~ by cob'. c:hata:::llt. liz9 ol ma1elW end llnldln. and lhow lNcl<t>eu ol avle<, 
ard h lund rd NIii• ol lhe -.I h Mdl - penetrated. 'MIii II lea! one en~ b" nc:t, 
~ ol 1"1onnalion. 

(USE ADDITIONAL SHEETS IF NECESSARY) 

Ecology is an Equal Opportunity ar.d Aifumative .!..cfon e~ploy9r. for Sf'8-
cial accommo:Jation n2oos. oontact :!ce 'N;rter Res0urces Pr::iqram ~ t2Cil) '.-
407-6600. Tho TDD r~r.":~-~r 1:; i2D-':\ ,i07 :;(_,,;:-f) 



:;:::..~·:.n:c~Copy.tch WATER WELL REPORT StattCatdNo.~ 

SeCOAd Copy-Own«'• Copy STA TE OF WASHINGTON ~q I Jt::. /1 V 0 
Third Co9y-Otlll«'a Copy Water Righi Penni! No. · f\ 

~-. ') OWNER: Harne /Pw$ ~qq Addm._33;i79'. ifldiiu;,(/)Vlr: 

(2) LOCATION OF WELL: eoanty_·~----"-=_,_'/l,~'/Ju,....,..-U-.c'Cd.=-=...c/h..c...;.. ________ . .5e:_._~._ S.c /() T~~ Ri.ff_w.u. 

(2a) S~EET AOOORESS OF WEU (0< Mana! add<•">-----------------------------------

(3) 

(4) 

(5) 

(6) 

PROPOSED USE: Domestic 
trrl04llon 

0 Dewater 

lnduatrial D 
THtWall D 

Municipal D 
Other D 

TYPE OF WORK:=~,::=;_.,.. __________ _ 

Abandoned D New well x:f Method: Dug g,.... Bored D 
Deepened D Cable;a,.. Orlven D 
Reconditioned D Rotary D Jetted D 

DIMENSIONS: Diameter of well /.p. Inches. 

Drilled feet. Oepth of completed well n. 

CONSTRUCTION DETAILS: 

Casing lnstaRed: 0 . • Own. kOdl ft. to ft. 

Welded ~ • Dlant. from ft.to ft. 
Linerinata 
Threaded 0 • Diam. from ft.to ft. 

Perforations: YH 

Type of l)fflo<ator used--------------------
SIZE of perfo<ationa _________ .,._ by _________ In. 

_______ perto<atione trom ______ n. to _______ n. 

(10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION 

Fonnctloci: O.~ by color, character, .t.l• o( fflalerial aAd atrvctura, aAd ahow 
thk:kMu of aquffan and the kind and nature of the ,natarial In Nell ttra1Uffl ~-,~ 
wtth at laaat Oft8 effll'I tor each dlanQ• of Information. • 

IIIIAT(RW. 

_______ perforation• from ft. to ft. t-----------------------;----+----
11. to ft. 

Screens: Y H . 

Msnuta~rer'a Herne 00H l)SOIJ 
Type c;Tf}J.<JLe:::fS.S ~L- ModelNo ___ _ 

Diam 3,(" Slot aize Ip lrom~----«.to _____ ft. 1------------------------4-----+-----
Diam 

Gravel packed: YH 

G1'9vel placed from 

t-----------------------+----+----
It.to n. 

Saa of~---------­
ff. to ft. 

Surfaca seal: Ye~ NoO To what d-etlfh7 __ __,c_::,::_ ____ ft. 

Material used :n S<t&I t5_~,(__)@l,]1'71:i: 1-----------------------4----+-----
0id any strata contain unusable wale<? Yea O No0 
Type o!-xatef"? _____________ ~~pth of ,trat~----

M<!lhod of aealing str.tta off _________________ _ 

(7) PU:l.iP: M.anufacturM'1 Name---------------­

Typ,a: 

" E"' -v-LS· L:ind-•urlac,, ekv!ticn 
{3) dAT n Lt: c ~dbov11meanaoa""'--ol----~--~--n. 

Stotic!avel / l!.b&l<lw109of.,,.,J D.ia ?-/'7-7/ 

{9) 

,\r1o:,i.>n prs .. ur11 ib1. per :.:;uara inch Oa.to _____ _ 

Arta:sian w•lar 13 conlrollad !,y----~<c..;,~-... -,.,..-.-,,.-c~.,1~----

'HELL TESTS: Orawdo'Ht\ i• amoont -.,,,1.,,-1<,v~ la kw-ore<l !><,lo-.¥ 3l31iC !~ 

Was.1.pcmpto!?tmad<o? y,..o N<>O :ly=.1>:f-.,hcm? ______ _ 

Yi-i!d: ____ ~et.J;nln. with ____ it.. c!n'Jloor"...rn ,1f1;,)( ____ l-.r:,. 

H<>covery del3 {limo tak,:,n ~• zaro -..h"'1 pump t-Jn>Od ci1) (-,,at9f lavot ma.,~urod 
!rem .,,~n lop to waler lev,r, 
~-:.m-e Wo.te: lO"Y•I T.n:,a Wat.Qf'LJ,yi;d Tlf'l\,:J Wc1()( Lov,:,.t 

Dal a of 1»1-----------------

() o I ,1ail•or t 1>t -~ oal./min. >rilh ____ n. aawdc,w,, aitc, -~-- ~-

,\;rtJ31 ---- :;-11.imln. wHh l1Mn a<rt .it ft. lo<---- In. 

c.;:,.;"- 0211 ---------

N00 

Wort. start&<! • 19. Comolet&d .19 __ 

WELL CONSTRUCTOR CERTIFICATION: 

I construc1ed and/ e< accept responsibility for coo st ruction of this well. 
and i1s compliance with all Washington well cooslruction standards. 
Maler:als used and the information reported above am !rue to my best 
knowle<lge and belief. 



~ OWNER: ,__ A 1-: c:6;{:24-("4'{.J Mt.a ~ 2 C,c) ;t.LZ; - $ ::n2 Yt' 

::AllOO Of WEll: Cc.nt ~ rc.J12......., .... :£ .. y,.~ 114 S.:___& T.~N..R_L_w.M. 

1) STREETAOORESSOfWELL<"'-"'"'-l_l'f ....... ~f,--~a-V~C:-------------------------
PROPOSED USE: ~ Oome,tic iro.J3trial O 

0 lniQa!lon 
0 OeWater T-w..a 0 

~o 
0 

TYPE OF WORK· 0,.nec·s number of_. • {I mon, U>an one) ___________ _ 

Abandoned O N_. well rfi1 Method: Dug 0 
Deepened / 0 Cable 0 
Recorotiooed O Romey 

BoredO 
OnYanO 
Jeel8<10 

OfMENSIONS: 

()riled :Z/q 
__ .._,_ ___ :=:--:-==--- h:hes. 

---"''--<---,;<---- l. 

CONSmUCTION DETAJLS: 

Ceslng :i: 6 · Diam. 1rom--t-/ cJ ft."' 2/ 9 It 
Welded O!am. from ft. 13 ll uw nstaAed ---- -----
llnaded O Diam. lrom ft. t> ll 

Perlocatlona: Yes O No 

Type of per1oralor used -----------------
SlZE ot petfonl!ion& --------In.by ________ In. 

---- pertoralions from ______ ft. t> _______ l. 

----~ from ______ ll ll _______ l. 

---- perloralions from ______ II. t> _______ l. 

Scnena: Yes 0 
Marufa::luret'~Name ------------------
·.Type---------------- Uodei No. __ _ 

Slot size _____ frcm. _____ 11. t> _____ l. 

!l. Slot size from ft. 13 It 

Grav'III pedced: Yes O No Size of Qtawl --------
Gr.Nel placoo from _______ fl. t:> _________ ll 

lklrod ol seafw1Q strata of ----------------

PUMP: M..:nufacturec'sName ______________ _ 

Type: _________________ H.P. ___ _ 

WATER LEVELS: ~~~.= 
S1J1tic:"""" / SJ= l. below lop of-' 0- ...,c..-=-'--=---L:../ I 

F.c--ro•nry 1,u (time tak.'.>n :t$ zero wt-.oo ix,cnp l!JrlY.XJ c-1) (wa.l9< ':1""1 ~ )rem -,,,ei,I 
i::p 1) =tar !:,v,il) 

,,.,,, W:L."91: L-'V".A T>r-..o Wo:n uvel T,r-.o ~ L:r.ul 

Datl ol :~ --------------
.,..,;..,.. mi ___ Q3l.ltr3\. ""' ____ fl er~ .>l'.zi ____ tr.i. 

,,_,.,=1 --2.d-crJ.1mn ""1t1 .tom 1,,1 :,;: /( Id 11. a m. 
>r.""'""~-_______ g.;,.m. o~~'--------

Ho0 

(10) WELL LOG Ol ABANDONMENT PROCEDURE DESCR1PTJON 

f«mmion: Oacrb, by °*"· ctwade<, alza ol mcleNI ar,d ~. and show tido:Nu o( ~ 
rd ,_ ~ rd -.,. d. h ..-la! k1 -=!l ~ ~ .«II II least on,, er11ty tor Ndl 
ct.,ged~ 

e ar men or 

19.~ 

WELL CONSTRUCTOR CERTiflCATION: 

~OJ?o~2=- ';~19~ 
{USE ADDIT!ONAL SHEETS IF NECESSARY) 

8:d.cw is an Equal ~ity and A;fVT'~J:trro Actioo a~ployer. FOf sc~ 
ci.al occommooatloo oo<.IO!!, c::>nt3d the Wa:o< fwscurcos P1c,;r.ai:n !!1 (296) 
407-&-00. Th<3 mo numbo< !.:J (2C·'3) i-07-o/;D} . 2 ·• :. t. ; 



{3) PROPOSED USE: ~ Oomesdc hduslrill o 
0 lmoadon 
0 0.Water Tat Wei 0 

Mlridpal 0 

0 

(4) TYPE OF WORK: 

Abandoned 0 

OwnG<'s numbef ol Ml {K mote lhan one) ___________ _ 

~ 
~ 0 
Re<:or6tioned 0 

Method: Duo O Boted D 
Cable D OrtvenO 

Rotary y(' .i.lled 0 

(5) DIMENSIONS: 

Drilled $ C cJ 
Diameter ot wel ___ _,6'--------- rches. 

feet. Oeptti of Q)mpielBd wel aao ft. 

(6) CONSTRUCTION OETAJLS: 

CulnglMtaned: 6 ~ ..... - -
Olam. trorn/~ft. ID ti< 9J ft. 

~ 
llveaded D 

Diam. 1rom ____ 11..1o. _____ 1t. 

Diam. from ft. ID ft. 

Perforations: Yes O No 

Type olperfonlto<used ------------------
SIZE of perf0<alions ________ in. by ________ -'in. 

---- perforations from It. lo _______ It. 

---- perforations from ft. IO IL 

---- perlorations from It. 10 ft. 

Screens: Yes No 0 
Manufacture<·s Name ~ Q J::_ 
Type <:' 5: Model No. _.. 

-~'?am. _k_ Slot size (!} () 6 from a, 9'1.:_ It. 10 ~ IL 

iam. __ Slot size ~ / (2 from ~5 ) It. to = IL 

Gravel packed: Yes O N Size of gravel --------
Grawl placed from ________ ft. to _________ ft. 

Surface seal: Y. No0 
Ma1erial used in seal -------~->-.....,...c...::.-,;..<--'"-_.i..,.__.,=-c=-­
Oid any strata contain unusable wate<? 

Type of watet1 ----------- Depth of strata----­

Method of sealing ~oll -----------------

7) PUMP: Manufac!ure<'s Name---------------
Typn: _________________ H.P.----

3) WATER LEVELS: '-::;!Cl.:Afacs eleY:;:, 
Slatic 1,iwl L Co moan w a. b,,low lop ol wei o~"'"!:e::._,.C..L.c....;.~~ 

M.,sian ~ ------- 2>s. PS< cq.,are ind\ 

~ Wa10( is controoled l:y -----,.,,c,-:--r-,.,,------
~ • .,;gi.;;,. ot.) 

I) WE!..L TESTS: Orawoown is amount water 19vol is~ below~le\1ll 

Was ., pcm~ le!II made? Y~ L';lo,0 _ 11 yes. by whom? C.. 
Y:etd: j,( { Qal./m"1. with ~,L () n. d,~ 3lle< lv:J. -, 

P.oco,-ary wLl (time !akao J.S Z9fO ,.t:en pump tumed o:) (~ta< ieV"el ~Imm weil 
:Cp 10 ~51Sf i:JvBi) 

T:r.-3 Wau,r Lov3' TIIM Walz< L3V1ll T,mo Wate< Lgvaj 

Oat1 o! . .1r.;1 -------,----------

.,;:.,, 1~ i L o'll.lminw,;i, /OJ 11..dr~ane< / t..... --+-,--
;"Ur!.Jst ____ o.11.1.,1m. ¥t11.h slam set a:1 ____ n. lo< ____ hrs. 

MiJsian r.o-,, g :,.rn Date---------

7empafature of wat1:1r __ Wa, ,1 ct".amic.al .1J'.J.i~"'1,; mace' Yas C No 0 

(10) WEll LOG OC' ABANDONMENT PROCEDURE DESCRIPTION 

Formation: o-:rtie by color. d>aradet, alt• of matertal and ctruclure. and show ltiness o1 aqu,ters 
and the b-d and nature ol rw male<lal In Ndl 11ratum penetrated. wfth a lioast one ene-y to< ektl 
d\al,ge ol infonnalion. 

UATERW. TO 

19. ~ed 19~ 

WELL CONSTRUCTOR CERTIACATION: 

~~ '~-::0~"1?£Z IJH!f.l.r~- ~~ ,,_v-
cuSE Aoorr10NAL SHEETS 1F NECE ~RY) 

Ecology is an Equal Oppor1unity and Affirmaliva Action employer. For spe· 
cial accommodatico needs. contact the Water Resource, PrJxjlr~m, at (ef>&) 
407--6600. The TOO numbor is (20€) 407-600£ · · • · · · 

deun490
Sticky Note
39/1E/10 J in Database





~'-/- I c - I IN 

= ~R~L,, ,,, , ,,, ,~J~11 ~~JEW:,:,:,'. b:i: 1! ,h\:1:i!f, :,: , : ,, ,, ,,,,J;m ,mi: :11::: :,::; ,::::::,,,,,,,, 
- " !ll OIINE~: Hm £KROLL. LEIF Addre s 16124 SHOHOIIISH A\'E SMOHOIIISH, IIA 98~0-

····-······················-························· ·········-································-···························-···· -·-·················································· ···-······································································· 
21 LOCATION OF IIHL: County IIHATCON 

•2al STREET ~D~RESS OF NELL lor nearest addr!ssl ALOERGROVE RO 
• SIi !/ 4 SIi li ~ Sec 11 T 39 N., R IE IIN 

~i~:~~i~ii~i:~iii:ii~ii!ii:::::::::::::::::::::::::::::::::::::::;~~i~~~~~~~~;~~~~~~~~:::::~:~::::::::::~:~~~~~~~~~j:i::~ 
141 !¥FE Of tlO?r.: 0wner's Nu1ter of well • f:ru:ic:-: :es:rite ll\' ~,lor. c~Hict!r. sia of aaarial 

!If 1ore thar. ~r.el . and s!ruc:. ·e. J~~ shcw_thi;kr.ess :! i~ui!ers 3nd t~c kind 
NEV IIELL Nethod: ROTARY . : and r.at;;•f :f th! u:erul ir, uc!: ~tratU1 ~~netra:e~. 11itt, 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: at least :·c entij fer each change 10 fJr1at1on. 
151 OI~EN~lO"~: Oia1eter of well 6 inches ·································································· 
·---~~!!!!:.~~? ... !!: ...... ~~~!~.~!.~~!~!~:!~.~~!!.~?~:~.!~: ..... : ~~i~~ltL 1 ~RJN ; JG 
i6l coi.~·F.~1CT!CH !IETmS: : Bl!OIIN SANDY CLAY 1 2 ' 6 

Casir.;i i;,s:alle~: 6 • Dia. fro1 t2 ft. to 323 ft. : GRAY CtAY SCATTERED GRAVEL ! 6 ' 99 
IIE(OEO • Oia. fret ft. to ft. : GRAY GRAVEL ' CLAY ' 99 . 125 

. Dia. froa ft. to !t. : GRAY CLAY GRAVEL SILTY SANO ! 125 '. 180 
··························································! GRAY GRAVEL' CtAY 1 180 '. 186 

Perf~raticn$; HO : GRAY BOULDER 1 186 : 187 
Ty:e of perforator used ! GRAY GRAVEt ! 187 ! 207 
SIZE Gf perforations ir,. by in. ! GRAY Slll SANO & GRAVEL : 207 : 212 

:,erforaticr.s fr:;, ft. to ft. ! BRONN GRMEL & SANO ~ 212 ' 291. 
oerforatfor.s fm, ft. to ft. ' BRONK SAND & GRAVEL ; %.~~.:J.2l! 
~:dorati:n5 fr~• ft. tc f:. : BROIIH GRA,El SANO 11000 & NATER . SM, . .:r3f:1'.rT 

·························································-: GRAY CLAY ' 327 ; 
S~rrn:3: YES ' ' 'JS --f-c 

Na~uf3:turer's Naie HAGAOKA' 
i,oe STAINLESS STEEL Node} No. 
Diaa. 6 slot s:z~ 20 fro; 321.5 ft. to 326.S ft. 
Diu. slot si,2 frc1 ft. to H. 

Size of .:iravel Gra~al :acked: HO 
;,a,:1 ~laced froi ft. to ft. 

!urfacE 32al: YES To what de~th? 18 
~aterial used ir. seal BEHTOHITE 
Did anv strata ccntain unusable water? NO 

ft. 

Ty~2 cf water? Deoth of strata ft. 
~ethJ: of sea!inJ strata off . 

:::::::::::::::::::::::·:::::::::::::::::::::::::::::::::::::::::j 
Ill PU"~: ~a~u!1c:urer's Ni~E 
-·---··---------------·---~pe _____________________ ~.?. ___________ ; 
-----------------------·-----------------------------------------, 
iS, ii~·:~ tE'IHS: Land-surface elevation ' 

above ,:an s~a level . . .. f ! . 
5:a:ic le~21 291 ft. below tc~ of well Ca:e 08/16/96 ' 
Ar:is~Ja Pressur2 lbs. oer scuare inch Clte 

R EcE, VEo! 

SEP 24 1996 

DEPT. OF ECOLOGY. 
I 

~rl!5ia1 ~a:er ::~:r~l!ed ty 
: ~er~ st; ::: 08/1~/96 (J&Dle:ej 08)16/96 

kEtl CG~ ·:uclC~ CERTIF!CATIOH: t?I WELi i£3TS: Crawdcwc is aiount water level is !c~er!d below 
static le,21. 

Wls a ~u10 test :ade? YES If yes. by who1? JERRY BACUS 
Yield: 6 gal./min ~ith .08 ft. drawdown after 1 hrs. 

! cc;. :~~cte~ and/or acc:~t res~~nsibilitv for c:r· 
Struc :~~ Cf this Mell, and its CJlDliance with ali 
Washi ::cc well constructior. standards. Nateri1ls use~ 
and: ~ i~for;ation reoor:ea atcve are true to i~ jest 

R::~·.:·€rv data 
kr,owl : ;t a~: :el ief. · 

Tii: · ilHu Level Tiae Water Level· Ti1e Water Level : NAl'IE HAYES ORILLING, me. 
' (Pe;s:n, fira, er corporatior.l (Type or crir.t i 

DJte of tes: { I 
Bailer ~est 40 aa /mir.. I ft. draHdoiln after 1 hrs. 
Air !est 10 aallmin. ~, ste~ set at 325 ft. for .5 hrs.! 
Artesian :1cw · g.;.11. Date ' :ontrac! 
1em~e~a!Jre of wate~ Was a chemical analysis cade? YES ! Re~istri 

AOGR€SS 556 ERSHIG RO. BOW, WA 

[SIGNED; ~~ Lic~r.se Mc. 2190 

s 
;n Ne. HAYES0!106JS Date 09.'!9!% 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::=-----·--·····--==:::::::::::::::::: 

5564 



:? .JOO 

(2) LOCAllON OF WELL: ~--"-kb""'---<->t!lc:;..b.._.._;;"'~'---"~--------- ./'):,(,I IM~14 r-cd_ T.-3:i._N.. ~WM.. 

(2a) STREET AOORESS OF WELL (or.._.. on.I cJb& >!' C 3Q - 1 - / j LJ 
(3) PROPOSED USE: ¢.i<.~ ~ O 

0 ~1lol1 
0 0.Wa1M TestWel 0 

Municipal 0 
0 

(4) TYPE Of WORK: ~
1 ~r-------------

-'bandoned O New w.l f;1'< Uero:l: 0ug 0 
Deepened O Cable 0 
RO<X>C dtio4 ,eel O Ro1ary 

~a 
Dnv.nO 
JenedO 

(6) CONSIBUCTIOH DETAILS: 

6 · Olam ... om -f / ·-> ft.~ . Casing lnstar: 
Welded 
liner installed 
Threaded 0 

___ • Oiam ... om, ____ ft. ~, _____ ft.. 

___ • Diam ... om ft..~ ft. 

Perloratlona: Yes 0 No 

Type clpet1orato(used -----------------
SIZE of petio<a!ions -------- it. by ________ n. 
---- perlo<alions from ______ ft.. ~-------ft. 

---- perlocations from It. ~ ft. 

---- perlorations from ft. kl ft.. 

Gravelpaded: Yes 0 
Gravel placed from -------

Surface sec!: Yes 

Malarial us.ad in seal ----~4,.JO.:::::.....!.~;..::_:::.L!....L.__J~--­

Did any strata contain unusable wal8<'1 Yes O No~ 

Type of~ Dep(ti ot slrala -----

Matt>od c( sealing stra1S ell ----------------

{7) PUMP: J.lar.ufadl.lrer', Name--------------Type: ________________ H.P. ___ _ 

{3) WATER LE'IELS: uro-surl=I eleva!icn 
rJ //, at,o,,,emeansea~ 

SUtic 1......... 2"":y'CJ 2. below le!) al ~ 
Om~ 

Ar=ia/1 Jl'1'S="' ------- bs. po< squarri ird, Oala -----

(9} WELL TESTS: Or~ is amount wa1e< ie....., is lowerod ooao.., static level 

Was a p<;rr91esl mad<37 Yes O No O 11 yes, by whom?-----
Y,s·ld: ____ ga!./mn. wi1h ____ IL &awcown a!IB< ____ 1-n 

Rc,o:i,-e<y oala (fane takoo a:s zero whoo put!'{) !urned of) (wale< level measured :rc.-n -,,cl 
'C9 to 'IV3le< 'avol) 

T:rr.~ Waler L9ve( T ,me Wa:!ar L9v9I T ms Wale< level 

Daso cl 1%1 "(;J 
:i"'"" '.e.t LL 11a1.1"'"'· ·~ -·c:f...!2_ 11. <Jr~ allm' ~Z ___ hr;. 

,,1ir:c5t QGI.if7'4n .... ~:.'1 ;t?-11 ~~ t1 ,'l 1oc' hrs. 

(10) WELL LOG 0< ABAHOOHMEHT PROCEDURE DESCRIPTION 

fonnallon: o..c:,t,e by O>br. c:h&tlde<. 11N of ma..w tnd lltU<:turW, tnd show lhid<,-a ol IQLh'I 
arc! lhl kJrd ard ncture ol f>I ..-Ill kl MCh lltalUffl P«*1&1ed • .«II a1 le&sl one ~ b .adl 
CN1'0I ol imonNtiar\. 

WELL CONSTRUCTOR CERTIACATIOO: 

(USE ADDIT!ONA.l SHEETS lF NECESSARY) 



File Orlctnal and Fin\ Copy with 
~anment of Ecoloa 
Second Copy- Owner's Copy 
Third Copy - 01111er·a Copy 

\\.ATER \YELL REPORT ·ApplicaUoa :No. ···--····· .... 

STATE OF WASHINGTON Permit No .•.•.................... ----·-·---. 
(1) OWNER: Name .... J!..t~J:t .. .!~.t~.X.:~.a._qe>_~~l .. Inc.~ ···-·······---~ Addrea .• Blain_Rd._&_Alderson _____ _ ..... --····--·-·-···········----·· .... 

. '12) LOCATION OF WELL: County .. - ... Whatco:;: ·······--··---········-·-·-·-········-·····-- 5£ ... \:. .. NE.~:. Sec..3.L_ T ~o.N., R .... /&~. 
_,rlnt and dlst.ance from secU~ubdlvl~i~~~.' 

(3) PROPOSED USE: .,-JJ==.ill...,1-...__Munlcipal O (10) WELL LOG: 
·~~~--~---~-~~~~~~~~ 

Irrigation d( 0 er D 

(4) TYPE OF WORK: Owner·s number of well 
(if more than one} .... 

WL82-6 

New well D Method: Dug O 
Dffpened O Cable O 
Recondltloned D Rotary (X 

Bored 0 
Driven 0 
.1etted O 

(5) DIMENSIONS: Diameter of well ............... 6 ...... inches. 

Drilled .......... 280 ..... ft. Depth of completed well ... ··-··········-·-······-.tt. 

(6) CONSTRUCTION DETAILS: 

Casing installed: ..... 6 ........ " Diam. from ._O .......... ft. to ... 2.59._ tt. 

Threaded 0 
Welded lg 

·····-·-···-·" Diam. !rom ······-········ tt. to -··-·-······ tt. 
·-··-···--" Diam. from ······-········ tt. to ····-·········· tt. 

Perforations: Yes o No O 
Type of perforator used-----·-·--·-····-·--·····-·····-·········-········-

SlZE of perforations -··------··---· In. by -·--·-··-················- in. 

--·--·-······- perforations from -··-······-··-··-- ft. to -···-··········-····· ft. 

···-···-······-····- perforations from ---··········-·-· ft. to ··-···················· ft. 
-···-···-········-·· perforations from --·-··---····-- lt. to ·-·····-··-·········· ft. 

Screens: Yes o No oX 
Manufacturer's Name ... ·--··--·--···········--··-·--··-··---··--······-·--···-·-·· 

Type-·····--·-·-·····-·-···-·---·-----·- Model No--··----·-···--··-

Diam. ·········-····· Slot size ········-······ from -·············· ft. to ··-············ ft. 
Diam ................. Slot size ... ····-··-· from ................ ft. to ··········-·- tt. 

Gra\'el packed: Yes O No 0:: Size of gravel. ............................. . 

Gr.;1:el placed from --····-··-··-········-······· ft. to ········-··············-······-- ft. 

Surface seal: Yes o No [> To what depth? -························ ft. 

Material used in seal ........ ·-·······································-······ ............................. . 
Did any strata contain unusable water? Yes 0 No 0 
Type of water?...---·············--··-- Depth of strata ...... ·-·--·············-··· 

Method of sealing strata off ..... ·-················-···-·····························-·············· 

(7) PUMP: . Manufacturers Name .. ·---·····················-·-········--···---······· ........ . 

Type· ·····-···········-···-···········-····-·-·-········-·-·············-···· H .P -······· ············-·· 

(8) WATER LEVELS: Land-surface elevation 
above mean sea level. . . . . ... - .......•........... ft. 

Static level ·······-···· .................•.... -.ft. below top of well Date ....................•......... 

Artt·slan pressure .. ·················-···-··-lbs. per SQuare inch Date ............................. -. 

Artesian water is controlled by············---··-·--····-·················-·············· 
(Cap, valve. elc.) 

(9) WELL TESTS: 
wa.~ a pump test made? Yes O 
Yield: gal./min. with 

Drawdown ts amount water level is 
lowered below static level 

No O If yes. hy whom> . 
ft. drawdown a!ter hrs. 

?.,ecovery data (time taken as zero when pump turned off J (water level 
measured from well top to water level) 

Time Water Level I Time Water Level Time 

··•······•····•· ···············-·. ·, ·········. ·········••·•······ ................ ···········•············ 

Water Level 

•··········•·•·• ······················· r············· ... ·······•············· ................ ············-

··············· ....................... ! ................ ······················· ··············· ............ . 

BaJl~ratt:,:~.0- ... gal/mln. with·:: : ···:::·.:·;_ drawdown alter... .............. hrs. 

Artes:!an !low ..... -·--····················--···· ....... ;i.p.m. Dau,····-···-······--···-················· 

P'onnatlon: ZH~cribc bV. color, characterJ rize of malenar and ,tructure d 
•how thlckncu of aquifen and the kine and na!ure of the material tn • anh 
,tratum pcnrtruted, u,ith at least one entry for each clulnge of 1orm.Jt!,"n. 

MATERIAL ·1 FROM 

I 
TO 

_Iap.s.oil ... ----- --- ~ : 2 .. _ 

~::;"c~!;yaod same grave] ii· 1i;~ 
Cray cla.Y-..some grave] _.aruL _____ I-- __ ·-~ _ 
clam shell · 1_126 
Gray clay and some gravel _12~.J__~~l 
Gray clay some gravel and 

shells 
cla and some 

----------------------~----··---
! 

, ,--
·-----'--I ! Work started..._ .. ____ .. 9.=15. ..... , 19 .. 82 .. Compltted.. . ........ 9-,,-16 . 19 .. 8 2 

WELL DRILLER'S STATEMENT: 

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

NAME ..... .H.a ye$ ... W.e 11 ... D ri.llinR .. &. .. P.ump s ... lnc. •............ 
(Person. firm. or corpo"?'ationl (Type or print) 

Address ........... 141J ... C.o.l~.ny ... Rct., ...... °J:,.9.'\'!.~ ... H.~ .. $D1,.D.g_t,.9.i:i_. 

[Signed] ........... S.-~ ... 6i./1_u,~·-··············· 
(Well Driller) 

Temperature of water ...... ···-···· Was .. chemlc.ol analysis mad<,7 Yes O No O License No ......... 7.62 ................ . Date... . .. .1:-:--,6 --;:" ....... , 19 ... 8:J 



1,-0ng..-;.I :...CS Flr.C Copy with 
>&'1- a( £oology WATER WELL REPORT &af1 Card No./ <r J ZJ?~ 

4 0 I J t: J 3'f N ::ond Copy-a-'• Ccc>Y 
rd Copy-D,1ht"• Copy 

STATE OF W.\SHIHGTON 
w,1.,. R1gt1C P...,.. No.--------------

::::.owHER: ff.- € A Lfla m.psSt> J M<JrMe_,~c..,,'flH'P""'Lb_.,,y'--_?t.,_3_=a,-...... B.__._.t1._m--"-...a.8 ...... 'd=---
.:A TIOH OF WELL: County-J<fu..-....::..;/l'-'ffJ..-L.7}-"~:_::_frl---"---------·__SP)_llo~llo s... ...:3 Y T ~-RJ£.w.M. 

1) STREET AOOORESS OF WEU. Coc .....-.a1 addr•••>------------------------------------
PROPOSED USE: ~ Domestic "tJ" Irr lo a lion 

0 OeWater 

Industrial D 
TMtWell 0 

Municipal 0 
Othe< 0 

TYPE OF WORK· Ownl<'anumt>..-ot_. Y 
• (ttmorethanone>----,~'--------

Abandoned O New well &i!'f. Method: Dug 0 
Deepened 1:1 Cable f)i{ 
Reconditioned D Rotary~d 

SO<ed 0 
Orive11 0 
Jetted 0 

DIMENSIONS: Diameter of well ___ ......;:. _______ inchea. 

Onlled :l / () feet. Depth of completed well '2./ 0 ft. 

CONSTRUCTION DETAILS: 

Cuing lnst.ahd: 6 · • Diam. front.-/- b >n. to-"-"'-=--

WMded QI!:: • Diam. front ft. to ____ _ 
L-.er insUu.d o · 
Th<Hded O • Diem. lrOffl ft. lo 

PerforaUona: YH 

Type of perlol'ltot uHd -------------------­

SIZE of perl0<ation1 ---------'"-bJ---------
_______ perforation• from _______ rt. to _____ _ 

_______ p«focatloae from It. lo-----­

ft. to 

Scre.na: v .. 
Manufectur9t'eNeme ____________________ _ 

Twe------------------- Mo<!elHo ___ _ 

(10) WELL LOG or ABANDONMENT PROCEDURE OESCR1PTJON 

F onnatioft: O.~ by oolor, chat ad•, .iz, ol mat lrial and atn,ctura, -, at>Qw 
thlcl<Mlu ol aqulf.,. and 1M lt-,d and Mlwa of IN m.tarial In ••ch atrat""' ~ad. 
with at M&at - e,,t,y 10< eadl change of lnfonnallon. 

,m _____ Slot aiu _____ 1ron, _____ 1t.to _____ fl. 1------------------------+---+----
,.,, _____ lroffl II. to 11. 

Gravel packed: Ye• 

It. 

Surface ~al: Ye~ 

Material uaed in ""•'-----/.~~E:::'.'.::.Z.q:.~l...!..L...L ______ _ 

PUMP; Manufacture<'a Nam•-----------------

Type: HP 

WATER LEVELS: Land-surfs,:,, eleVlltiool 
above mean aea kNol --------- ft. 

St!lfic 1$-,&l ________ ft. ~low lop ot - Date-------

M<1sian p«tMura Iba. per 8(l""'1I inch Data _____ _ 

Mulan waler la controll<td by ____ '(""Ciii--c-.-,""1-,--. .i..,.c~.)..-) ___ _ 

WELL TESTS: Drewoown 1,i amouot ""''"' IGvcl ia towt><ed below :rtatic lev<>I 
w.,_.,pumpt••tmade? v .. O NoD lfy«.by.,,nom1 ______ _ 

y;.,1<1: ____ gal./mltl. with---- n_ dn..-down al1ar ____ t-.rs_ 

cloco•e<Y data (time taken•• zero wt.en pump li,moo off} (wole< level meaoured 
:rem~ top to water leveO 

Wate<L~ 

Ost a of 1831 ________________ _ 

..1.11-)-1" 1ant ____ gal. /min. wtth n.. dra~ ene< ____ h.-.. 

Axlaat ____ gal./n,Hl. with.»t~m &-e1 •1 ft. f0< ____ hn. 

Mesian no,,..--------- g.p.trl. Oate ---------

• 19_ 

WEU CONSTRUCTOR CERTIFlCA TION: 

l coostructe<l and I 0< accept resp-0<13ibility f0< construction of I.his welt, 
snd its complianca with all Wa5hin<;Jton well construction standards_ 
Material!! usoo and the infoonatioo repo<1ed above are true to my best 

NA~:""JfibC W1 // U--,//2 
,,,,.,,&fFI-'-~, /1:;Z:_'-
(Signed) /jd ;? ~nse N<:/Z)8 ) 

(WEU ( Of1lU.£Rl 

C~)~~~·.a .. 
~~w.i' <-DP of? tfu-1:.Z.--. 

(USE ADC!T!Ot'JAL SHEETS iF 

deun490
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( 1) OWNER: Ham•-B~s:.a':48j._--./11LL.:.8-L-L.I..:...~=----------- Addrua'739t! ll-1!m 41 .~e,.,~, ,=- 41# :.:,..,__ _________________________ ~~~-:-------=~------~ 

(2a) 

(3} 

(4} 

LOCATION OF WELL: County-_..k.""'Y:'-4/l<.LL.:~,C..r~C.,,_::O,::.,n'1C.<.L-_________ .2!:1Lv.$kf_v. s.e 3V T~ •• ~WJ.4. 

STREET ADDORESS Of WEU (or...,., .. , addreu) 73'7'0 #M ,t!.o .~~ t.L/4. 

PROPOSED USE: omestic 
C Irrigation 
0. OeWater 

Industrial D 
Test Well D 

Municipal D 
Other [j 

TYPE OF WORK: Owner·anumberofwell 
(if more than one)-------------

Abandoned V New well t--"Method: 
Deepened 1.... 

Reconditioned C 

Dug C Bored D 
Cable Q ~ Driven D 
Rotary ~ Jetted D 

(10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION 

Formation: Oeacribe by colo<. charact«. 1ize of material and alruciura. and a,..,... 
thickneu of aquifera and the kind and nature of the 1Mleriaf in each alratum p._81..:, 
with al lea at one entry for each chai,ge of information. · 

11.f.nJIIAL 

(S) DIMENSIONS: Diameter of well __ -Ji£. _______ inches. 

Drilled 2 2-CJ feel. Depth of completed well . It. 

(6) CONSTRUCTION DETAILS: 

C<l$lng Installed: 

Welded 0 
l.iner instalk>d 0 
Threaded 0 

Perforations: 'l'eaO Hoo 

Oiam. lrom _____ ft.tO-----"· 

Oiam. from _____ n. to ft. 

Oiam.from It.to n. 

Type of perforator uaed ---------------------
SIZE ot perforations _________ in.by __________ in. 

_______ perforation,o lrom _______ ft.to _______ lt. J------------------------+----..L ___ _ 
_______ pert0<ations from _______ ft. to _______ ft. 

It. to ft. 

Screens: Yes 

TJPe------------------- Mod~No _____ ~----..L1-t..L.1.'...-...L.L....,t...~-<9-.L...a::a'----Lo!;..£~'.J..SE'..L..l,+----L----
Oiam .. _____ S1ot size _____ from _____ ft. to _____ ft. 

Oia,n. Slot size from 11. to n. 

Gravel packed: Yu ' ' No <-.J Size of gravel-----------

Gr av.,1 placed from It. to ft. 

Surface seal: Yes~ NoO To what deplh? __ Z... __ 1-__ o _____ tt. 
Material used in seal Cc rn .:=-N / 
Otd any stra:a contain unusable water? YesLJ Ho [1J--'"'" 
Type ot wa1er? ______________ Oepth of st,a1a ____ 1-------------------~d--'""---~{I.'~=--.:_ __ _ 

Method of sealing s1rata off _________________ _ 

(7) PUMP: Menufecturer·s Name-----------------

H.P. 

Land-surtace etevatiofl 
above maan sea level----·------ tt. (8) WATER LEVELS: 

{9) 

Static level-------- ft. b<tlow lop of well Date--------

Artesian pressure lbs. per 3Quare inch Oate -------

Artes~an wal~r i3 controJkld by ----~(~Ca-p-_-.~.,-•• -_-e,~c~.J~l -----

WELL TESTS: Drawdown is amount .. ate, level is lowered below static level 

Wasapumplestmade? YesO NoO lfyee.bywhom? _______ _ 

Y.eld· ____ 9al /mi.n. wi1h ---- ft. drawdown after----- hr 1. 

Ra-covery data (time 1!:!ii:::eo a~ zero when pump turned o:O (water tevel me.;.~ured 
:rom well 1op f') water level) 

Wale-< level 

Dal<!! oftest-------------·----

8ai1~r 1e,t ____ gal /min. with h. drawdown af1et ---- hra. 

Ajr1a,t ----- Q.tl.lmU'l. with st&m ,et .-t ft. fo< ----- hu. 

Artesian Uow --------- o.p.m4 Oa1e ----------

Temperature of waler~- Was ..1 chttm,cal aoaly,ii mado1 Ye!I 0 NoO 

Won< star1ed 

WELL CONSTRUCTOR CERTIFICATION: 
I constructed and/or accept responsibility for construction of this well. 
and its compliance with all Washington well construction standards 
Materials used and the information reponed above are true to my best 
knowledge and belief. 

(USE AOOITION·~l SHEETS iF M:CESSARY) 
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:?.::.=..f'i=jt~ ~ ~IK{!WTER Wl;LL Rll;~f ~f .... °"';(jf;:;f:'7 
Thinf Copy-Drtht"• Co9Y 8TAT2 OF WASHINGTON -

Wet« Righi hmlll No.-------------

4 > owNER: ... '" Wu;; k;;...., Pun Addi-Ne 93c10 &d';-,...,..,,,,,.. 
LOCATION OF WEll: c-t)'-.1e.k.~)"'-'--~u::t'-=,J-~~.u61~~-------·~v.~v. Sec cS T~ .. W-w.M. 

n~a~oo~~~~U~M~~~--~~~~~~y~~~---------------------------(:la) 

(3) 

(4) 

PROPOSED USE: 

D 

lndu,trlat D 
THtWeH D 

Munlclpal D 
Oth•r D 

TYPE OF WORK: &-;:::':1~f-------------
Abandoned O New wen · ¥ Method: Duo D 

Deepened 1J C1bl• Q. 
Reconditioned D Rotll)' ~ 

(5) DIMENSIONS: 

(8) 

Drilled feet. Depth of completed W9I 

PetforaUone: Yee 
Typeolp«roratorve.-f __________________ _ 

SIZE of p..toratlone --------- In. br---------
______ pecfotatlofta from ______ ft.to _____ _ 

______ perf0<atk>fla from ft. to _____ _ 

ft.lo 

Sereene: Y• /_ 
MaAUfactucer"aHarM------~~~~ ...... P~......._ _________ _ 

Type ,'££ 
Diam &, 
Diam 

Slot alz• 

Gravel packed: v .. 

Gravel placed from 

Surfaces.al: Y~ No0 
Mat«i.al ua6d in aeaf _______ -,,c:.~~=...!...l:J-~~L-,e:... __ _ 

Oid any atrata CO<\lain unusable water? yea 0 
Type of wate<"?• _____________ uepth of 1trat-----

M<1lhod of aealln{j 11rata ott _________________ _ 

(7} PUMP: Manulactucer"a Ham•---------------­

Type: HP 

hteolan prauur• Iba. p« aqua,- Inch 0.t•------
Arteslan wat..-b controlled br----1~~-... -i...-.-.. -c-.n-----

{9} WELL TESTS: Ora~ 1a •~ ..... 1« s..-,o11a 1owe.-e<11>01ow atatlc level 
Wullpumpteatmad.7 YetU HolJ lfyu.bywhoffl7 ______ _ 

Yl<>ld: gal/min. with ft. doowdown al'lw hn. 

R=overy data (llme lakan u zero wtion pomp fumed oft) (wat« level mea~ 
:,-c,m well lCiJ lo wate< l<lvel) 
T..ma '"H.atot l.,... T1rM Watw l..... Tffi$ Wate,-L4"w""sil 

D•te otteat _______________ _ 

!..ilo< ta,:t ~b ___ gel.I mi<I. with / ~6 II. d<owdown an.,..__,/ ___ m. 
A.:r1e~t ---- gal.I min. with alM> atl at n. :or---- hnL 

.Arle•ian now ________ g.p.m. Oat•---------

(10) WELL LOG or ABAHDOHMEHT PROCEDURE DESCRIPTION 

Formation: OaKtl>a ty oolof. cnat•ctet. 81:la of m•larial and etn.ct.,.., and anew 
tfllctM .. of aqulf.-a Md the kind 111d utUC'a of the IMlan&I ill Mch at,ah•11 ~1,ac-.1. 
-«fl II i.ut one HCtylor Moll ch811Q4 of lnfonMlio41. 

IIATPIM. l'IIOtf TO 

, 19. 

WELL CONSTRUCTOR CERTIFICATION: 

(USE ADDITIONAL SHE!:TS iF NECE3SAR'() 

l 



ATTACHMENT B 

BP CHERRY POINT 
MONITORING WELL LOGS 



~3~" 
~1,t/ 

,, I, 3 

!,f,l. 

Di 01 I 

(),1-/1-

tJ, ,, 1. 

t /, 1 

(), o,o 

o,o,o 

50-/ 

CLIENT AK C l/ LOCATION Chtrf1V r,. lfcro dale 10.. ELEVATION 
· T7 ----

PRo.1EcTHo.S: 1?;2.36,AO ·· eoR1Nc HO. f:1W-/ WATER LEVEL __ _ 

Dl<ILLER1=t• ':t::!!:SC 6Hk,, CJ~~.!'."'>r J: ff:nda.fi J:35 '" ITIME om,_7_q_'_ 
BECUN 2=2.d{st_ l~L.!/.:pt._P!!l. coMP,1..tno '-

7 H, (TIMFDATEJ TOTAL DEPTH _ 
LI(, II ,-7 M,v. i/: 3 5 fli 

/ Q 

,.o 

'30 

1,/o 

50 

GO 

GRAPHIC 
LOG DESCRIPTION 

81.u. • 6ny ,-·~ Cly · Vc'.l' t1 •. ~-t 
.. ,.J f/ .. 1f.c 

fi7 s:117 , ·- #• 
O« H- ,.,. J c-p .... c:f 

Mt 7: 5"~le 
WELL CONSTRUCTION 

. ... 
c .• 

/" PVC 

f.... • . ;.;; 
I, .. 

,:~ . •,; 

I;. ... . 
-.a··-'" :..,-J 

-r_.~ i: ,: . 

-1, ! .. • \: ·-

J.. e~n 
bM~ :< 
fc:!!j' 

(i ....... • ; • 

' . ,:. 

. fl 

·i.· 

. .._, 

,-,---..~J·~ .. Nao'•J 
~ ... t .. ,.acJ 
c-

J-&.1 ... "ul f.-,. 
(s-·1.1.1 ~,~ 

W..cMf.. 
s..,{ ... c 
s-..l 



£ '1, JO 

5,(, 11. 
"J,&, '} 

2t3'1/ 

~ ,,1.. 

o,~ ,._ 

DAi/ 

'l 1,13 

fd,1-{J 

CLIEtrr .n II \, V' LOCATION <-nu:: ti·: r,ca ,ute hu-<b, ELEVATION ___ _ 

PROJECT No. s: 132,,3{. Ao eoRINC NO ..... A~..1.11LJ1....--....:1u.i0&.------- WATER LEVEL 

DRIU.ER {!,.c,'{?c 1id,'tJ/.l'/ ~ CEOff;OCIST I 'EMthf[ fTtME DATEJ -~-

BECUN ,() o". ,1...iio .,01 t~~:errm lf:JO (TIME ·oATEJ ,, 0ec, TOTAL DEPTH S?3 • r f,'n.• . ,_,oo . 
:x: 
t: 
w 
0 

io 

GRAPHIC 
LOG DESCRIPTION 

13/a.c. G,,~, tJrD<Plf 

Cr ..... £y S"fltf 

t1,,'s{,· 

~rcbt/ ~fcr "l.L/e - 5".11-f/ 

B/11.e 6-N-/ ·s-.-ty cl~ Ve7 
/1.,'sf ,._nd f/Mf;-c. 

tl<Cd/~4., Gr•"'!J.>' Z,11e.s 

cy 

A,t;t fa ~"'/e 
WELL CONSTRUCTION 

/" fVC 

-8~s 
& .. ,7 •• ,-ie. ~ 

Pe/lAs 

::,, 

t,/e ti 
f-lea.d 
O{!t...:I 

< 
-70 

I 

.73 

c.,.,.,..t. 
5,.,.f..,e 
$ ... ( 

l 



\ 

' ,._ 
~ ~ 
«'~\J 

2..1,3 

I ' -: .. -
f.,. ~-

"· ~ (j 

I . ;. ~-· 
(· , .. ..., . ., .. 

PRO.JECT NO. £ 132,.3£ Ao 
DRILLER /Zdf!c. lest~ ~ 
BECUt-: /f U~c. 3:, :( Jr 

:c 
ti: 

I 
LV'--"' """' _,,er{) rt, I ,-((If lf4ft! W4 <:b, 

BORING NO. JI - /3 
CE~1,f>GIST I l?lf.Jt c/q// 
p#,11~< .i:Jo 1;: o 
COMP(ETED (TIME DATE) C :-. 

f.'a• 3 :3.0 

ELEVATION ___ _ 

\\"ATER LEVEL ___ _ 

(TIA.IE OATEt ___ _ 
. , . 

TOTAL DEPTH __ ._· __ 

UJ 
0 

GRAPHIC 
LOG DESCRIPTION WELL CONSTRUCTION 

/0 

LL,ot r;,.,, · d.7 .. ,. ;lt.-:1 S>y <-l,. 
-.. .., ' , ... ~ ~-- : ,.• 

.. ,. 
$" . ci~ t',,.,. ;..-•. ,· 

~'-
_.,.._,-

,.::IJ t'i",'.; 

8.,- G,,·.· ·,· , 
: / C' / w/ ~-rv.-... ,\~ 
/· 

/ . 
.I / i ... 

' j .• ' ; 
, , . / 

/ i./ .. · 

...,~,,. ; . ••• 1.· 

-~ 

/ .. {.(.( y.. :::,_, I'. .,-:./ 
/ 

,. ,.J 

70 

. , 

J .. · ;_/ 
- .• · 

;-
. l 

. 1 ... -1 

A 
/ ,··' ... 

:/ );. f~.-. 

II ~~, , . -.-: 
, ' 

! .·-

I . 



ELEVATION ___ _ 

WATER l£V£L __ _ PROJECT NO.---------

t.OCATION _ __,..-----------:--

BORI~ NO • .t1W-[3 C?L/J,,,u.J 
CLIENT __________ _ 

DRILLER--------
GEOLOGIST ___________ _ (TIME DA.TEI ___ _ 

BECUN __________ _ COMPLETED (TtME:DATE), __ _ TOT AL DEPTH .J!!.f' 

:I: 

!i: Hot To s~.,,fe 
w 
C 

GRAPHIC 
LOG DESCRIPTION WELL CONSTRUCTION 

• <{0 

X 

/00 

110 

" I fY:; 

l)etl 
Hea.d 
D<= t,,,: f 

'q7' 

- .• 
I 

- I fCj.. 
~-" .-a_;..o'.._I O 5 I 



;:_~/ Sweet. Edwards & Associ.ates. Inc.) BORING LOG MW-lSA 
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SAMPLE RECORD 

0 z 
GI 

Cl.I .-4 
..-f C: 
C. ~ E 
<ti Cll 
Ul 

1 

2 ss 

3 

4 

5 

DESCRIPTION 

3' - 4.5' Sand, fine to medium 
grained, clean, scattered 
fine to coarse gravel, 
iron stained, saturated 

8' - 9' Sand, grey brown, fine to 
medium grained; silty, 

·scattered gravel, satur-
ated 

13' - 14.5' Silty clay to clayey silt, 
soft, partially saturated 

18' - 19.5' Same as Above 

23.5' - 25' Clay, grey, silty, trace 
coarse sand and fine gra­
vel, soft, partially sat­
urated. 

6 S 30' - 31.5' Same as Above 

Completed at 31.5' on 5/21/81 



VARtABLE 
_JJ.lil.I __ 

WEATHERED 
BELLINGHAM 

DRtFT 

UNWEATHERED 
BELLINGHAM· 

DRIFT 

OE MING 
SANO 

-----------

8 INCHES 

---------

LEGEND 

fill 10/20 SILICA SANO 

~ BENTONITE--PELLET.S 

ggcEMENT 

PIEZOMETER CASING IS 2-INCH 
ID SCHEDULE 40 PVC. 
SCREEN IS 0.010 SLOTTED 
2-INCH ID SCHEDUL.E 40 PVC 

DEPTHS ARE LISTED IN FEET 
BELOW GROUND SURFACE 

NOT TO SCALE 



VARIABLE 
-UNIT--

WEATHERED 
BELLINGHAM 

DRIFT 

UNWEATHERED 
BELLINGHAM· 

DRIFT 

DEMING 
SANO 

8 INCHES 

35.5 ....... i~ T0-36.5 36.5 

IE- ~ 
10 INCHES 

-----------

-------

LEGEND 

ill) 10/20 SILICA SAND 

~ BENTONITE PELLETS 

f2J CEMENT 

PIEZOMETER CASING IS 2-INCH 
10 SCHl:OULE 40 PVC. 
SCREEN IS 0.010 SLOTTED 
2-INCH ID SCHEDUL.E 40 PVC 

DEPTHS ARE LISTED IN FEET 
BELOW GROUND SURFACE 

NOT TO SCALE 



VARIABLE 
UNIT 

WEATHERED 
BELLINGHAM 

DRIFT 

UNWEATHERED 
BELLINGHAM 

DRIFT 

DEMING 
SAND 

8 INCHES 

40.5 

41.5 T0-41.5 

~ 4 
10 INCHES -----------

-------

LEGEND 

{fil 10/20 SILICA SANO 

~ BENTONITE PELLETS 

B'3CEMENT 

PIEZOMETER CASING IS 2-INCH 
ID SCHl::DULE 40 PVC. 
SCREEN IS 0.010 SLOTTED 
2-INCH ID SCHEDUL_E 40 PVC 

DEPTHS ARE LISTED IN FEET 
BELOW GROUND SURFACE 

NOT TO SCALE 



VARIABLE 
UNIT 

WEATHERED 
BELLINGHAM 

DRIFT 

UNWEA THEREO 
BELLINGHAM· 

DRIFT 

40.5 

41.5 T0-42 

IE-:- ~ 
10 INCHES -----------

DEMING 
SAND 

8 INCHES 
- . 

NOTE: SAND AND SLOUGH 

FROM 77.5 TO 54.5 

--------

LEGEND 

@ 10/20 SILICA SAND 

~ BENTONITE PELLETS 

f2I CEMENT 

PIEZOMETER CASING IS 2-INCH 
ID SCHEDULE 40 PVC. 
SCREEN IS 0.010 SLOTTED 
2-INCH 10 SCHEDULE 40 PVC 

DEPTHS ARE LISTED IN FEET 
BELOW GROUND SURFACE 

NOT TO SCALE 



VARIABLE 
UNIT 

WEATHERED 
BELLINGHAM 

DRIFT 

UNWEA THEREO 
BELUNGHAM· 

DRIFT 

DEMING 
SANO 

8 INCHES 

35 

36 ....... .iii! T0-36.2 

IE-. ~ 
10 INCHES 

LEGEND 

(m 10/20 SILICA SANO 

~ BENTONITE · PELLETS 

~CEMENT 

PIEZOMETER CASING IS 2-INCH 
ID SCHEDULE 40 PVC. 
SCREEN IS 0.010 SLOTTED 
2-INCH ID SCHEDULE 40 PVC 

DEPTHS ARE LISTED IN FEET 
BELOW GROUND SURFACE 

NOT TO SCALE 



VARIABLE 
- UNIT----11..~ 

BELLINGHAM 
DRIFT 

------

JNWEATHERED 
BELLINGHAM­

DRIFT 

DEMING 
SANO 

8 INCHES 

-----------

NOTE: SANO HEAVE FROM 

48.75 TO 54 FT. 

LEGEND 

@10/20 SILICA SANO 

~BENTONITE PELLETS 

f2)CEMENT 

PIEZOMETER CASING IS 2-INCH 
ID SCHEDULE 40 PVC. 
SCREEN IS 0.010 SLQTTEO 
2-INCH ID SCHEDULE 40 PVC 

DEPTHS ARE LISTED IN FEET 
BELOW GROUND SURFACE 

NOT TO SCALE 



VARIABLE 
__ UNIT_ -

WEATHERED 
BELLINGHAM 

DRIFT 

UNWEATHEREO 
BELLINGHAM 

"DRIFT 

DEMING 
SANO 

LEGEND 

{fil 10/20 SILICA SANO 

(;SJ BENTONITE PELLETS 

12) CEMENT 

PIEZOMETEA CASING IS 2-INCH 
ID SCHEDULE 40 PVC. 
SCREEN IS 0.010 SL_9TTED _ .. -
2-INCH ID SCHEDULE. 40 PVC 

DEPTHS ARE LISTED IN FEET 
BELOW GROUND SURFACE 

NOTE: BENTONITE CHIPS 

FROM 45 TO 37.4 FT. 

NOT TO SCALE 

/"'":·-



ATI ACHMENT C 

GEOTECHNICAL SOIL BORING LOGS 



SOIL DESCRIPTION 

Surface Elevation: Approx. 132.0 Ft. 

Soft, dark brown, organic, silty CLAY; wet; 
numerous roots; (Topsoil) OL. 
Very stiff to hard, brown-gray, slightly sandy, 

ii 
.c:.· 
0.. 
Ql 

0 

0.0 

2.0 

silty CLAY; moist; trace of gravel; CL. 
1---M-e-d-iu_m_s-=tiff-:::,-g-r-a-y,-s-=ilty::--C=-LA--;-;cY:-; -m-o..,..is_t;_tr_a_c_e_o_f_---l 1 o.o 

sand and gravel; occasional shells; CL 

J-_S_o_ft-to_m_e_d-iu-m-stiff"""· =-.-g-,a-y-.-s=-tig-:h-:-lty-g-ra_v_e_lly-, ----i 21 ·0 

slightty sandy, silty CLAY; wet; trace of gravel; 

CL 

1---M-e-d-iu_m_s_tiff_to-stiff...,.. ::-,-g-r-ay-.-s-:-:ilty:---:C:c:LA:-7:Y:-:-;-m-o:-is-t t-o---J 33·0 

wet; trace of sand and gravel; occasional 
cobbles; CL. 

1---M-e-di-tu-m-stiff..,.,_ ::-,-g-ra_y_, -s=-lig:-:-h-:ctty:--s::-:ilty--=c=-LA-:-:-Y:-; _w_e..,..t;----i 45·0 

occasional sand and gravel; CL. 

1---V-e_ry_s_tiff __ -. g-r-a-y,_g_r_a-ve--cllc-y,-s-a-n"""'d,-y,-s-::ilty-C::-cLA:-:-::Y-:-;-w-e..,.t-. --l 61 ·0 

CL 

l------a-o--=n=-o-M-O-::F::-8::-0--::c-Rc,-lN-G--------l 76·5 

COMPLETED 1/25/99 

LEGEND 

0 
u, 
Ql 

.0 c.. 
E E >. 

(/) 
co 

Cl) 

Sample Not Recovered Ground Water Level ATO 

I 2-inch 0.0. Spltt Spoon Sample 

JI 3-inch 0.0. Shelby Tube Sampl<, 

NOTES 

1. The stratification lines represent the approximate boundaries between soil 
types, and the transition may be gradual. 

2. The discussion in !he text of this report is necessary for a proper 
understanding of the nature of the subsurface materials. 

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

4. Refer to KEY lot explanation of ·symbols· and definitions. 

s. uses designation is based on visual-manual classification and selocted 
laboratory indox 1estiog. 

"C ... 
C Ql 

:, -O <0 

c'5 3: 

U: Standard Penetration Resistance 
£ (140 lb. weight, 30" drop) 
0.. Ji.. Blows per foot Ql 
0 0 

0 

20 40 

20 4D 

0 % Water Content 

Plastic Limit I O I Liquid Limit 
Natural Water Content 

ARCO Products Company 
North Cherry Point Substation Project 

Blaine, Washington 

LOG OF BORING B-2 

January 1999 W-8557-01 

SHANNON & WILSON, INC. 
Gootechnieil and Enviroomcnbl Con~vtunb 



·i. 

SOIL DESCRIPTION 

Surface Elevation: Approx. 123.5 Ft. 

Soft, dark brown, organic, silty CLAY; wet; 
numerous roots; (Topsoil) Ol. 
Stiff to hard, brown-gray, silty CLAY; moist; 
occasional sand and gravel; massive structure; 

CL 

u: 
.c a. 
QI 
0 

0.0 
2.0 

J-_S_o_ft_t_o_m_e_d-::-iu_m_s-::tiff-;;,-g-r-ay-,-s-;:li,-g-;--htly:;-s-a_n_dy:-.-s-::li,-gh:-:tly-:---l 15•0 

gravelly, silty CLAY; wet; Cl. 

J-_S_o_ft_t_o_m_e_d-::i,-u_m_s,-tiff::-:. :-.-g-ra_y_,_s-:;ilty:--:C:::-LA~Y:--:,-. w~et:-; -:-tr-ac-e--l 30.0 

of sand and gravel; CL 

.__H_a_r_d_, -g-ra_y_, -s-=-itty-c=-=-LA-:-:-:Y:-; -m-o-=is-t:-;-m_a_ss--:-iv-e_s_t-ru-c-:-tu-r_e_;--i 62·0 

occasional sand and gravel; ash partings; CL 

J-----s=-o=n::::-o=-:-:M:-:O::-;F;::-;:::8:-::0:--;:R::-;:IN:-:-G-=------l 75·5 

COMPLETED 1/25/99 

LEGEND 

f/1 
0 ~ 
.0 0. 
E E >,. (0 
Cf) (/) 

Sample Nol Recovered Ground Waler Level A TD 

... 
0 
CJ .., 
3 
z 
:$ 
iii 
-, 
0. 
CJ 

I 2-inch O.D. Splij Spoon Sample 

JI 3-inch OD. Shelby Tube Sample 

NOTES 

1. The stralificalion tines represent the approximate boundaries between soil 
types, and the transition may be gradual. 

2. The discussion in the tex1 or this report is necessary for a proper 
understanding or the nature or the &ubsurface materials. 

3. Groundwater tcvol, if indicatod above, i,; for the dale specified and may vary. 

4. Refer 10 KEY for explanation or ·symbols· and definitions. 

"C ... 
C QI 
::, .... 
0 C'O c,~ 

...; Standard Penetration Resistance u. 

.c {140 lb. weight, 30" drop) 
a. .... Blo'NS per foot Q/ 

0 0 

0 

20 40 

20 40 

e % Water Content 

Plastic Limit l--0--1 Liquid limit 
Natural Water Content 

ARCO Products Company 
North Cherry Point Substation Project 

Blaine, Washington 

LOG OF BORING 8-3 

January 1999 W-8557-01 

s. uses designation is based on visual-manuatclas.sifii;;atiort and selected SHANNON & WILSON, INC. 
< laboratory index tosting. GeotechnK:41 and Environmcnta.t Consutunts FIG. 5 
~L-~~~~~~~~~~~~~~~~~~~~~~~~~~~~-J...~~~~--~~~~~-



SOIL DESCRIPTION 

Surface Elevation: Approx. 108.0 Fl 

Soft. dark brown, soft, organic, silty CLAY; 
numerous roots; (Topsoil) OL. 
Medium stiff to stiff, brown-gray, silty CLAY; 
moist; trace of sand and gravel; occasional 
organics and iron-oxide stains; CL. 

Very soft to soft, gray, slightly gravelly, slightly 
sandy, silty Cl.A Y; wet; occasional shells at 18 
to 20 feet; Cl. 

Very soft to medium stiff, gray, silty CLAY; wet; 
trace of sand and gravel; CL 

Medium stiff, gray, slightly gravelly, slightly 
sandy, silty Cl.A Y; wet; CL. 

Hard, gray, silty CLAY; moist; laminated with silt 
partings; layers of clayey silt at 58 to 60 feet; 
trace of sand; occasional shells, two pieces of 

rock at 70 feet; CL 

LEGEND 

..J 
0 

V, 
LL Q) 

£ $J 0.. _. E E a. >- Ill (I) (/) Cl) 0 

,I 

2I 

3I 

4I 

Sample Not Recovered 'SJ. Ground Water level ATD 

~ 
ls 
c., 

ei 

I 2-inch 0.0. Spltt Spoon Sampl<> 

I[ 3-inch 0.0. Shelby Tube Sample 

3: NOTES 

~ 1. The stratification lines represent the approximate boundaries between &0il 
~ types, and thil transition may be gradual. 

o.' 2. The discussion in the text of this report is nocess.ary for a proper 
Cl understanding of the nature of the subsurface materiat.,. 
Cj> 

"C L. 
C (I) :, ..., 
0 Ill 

c'.5 ~ 

'S/.. 
a 
,l§ 
'c a 
a 
C 
-c 
:, 
a 

ii 
£ 

Standard Penetration Resistance 
(140 lb. weight, 30" drop) 

a. .I. Blows per foot 
Q) 

0 0 

0 

20 40 

20 40 

e % Water Content 

Plastic limit I G I Liquid Limit 
Natural Water Content 

ARCO Products Company 

North Cherry Point Substation Project 

Blaine, Washington 

LOG OF BORING 8-4 

; 3. Groundwater level, If indicate<l above, ls for the date specifie<l and may vary. •. January 1999 
~ 4. Refer to KEY for e"Plana1ion of -symbols" and delinilions. 

W-6557-01 

,... s. uses designation is basod on visual-manual classific:ation and selected SHANNON & WILSON, INC. 
< laboratory index testing. Geotechnic.l and Environmental Consu!Unts 
~L-~~~~~~~~~~~~~~~~~~~~~~~~~~~.1-~~~~~~~~~~~~~.J... ...... .....,....,--~~. 

FIG. 6 

l· 



SOIL DESCRIPTION 

Surface Elevation: Approx. 104.0 Ft. 

Soft, dark brown, soft, organic, silty CLAY; 
numerous roots; (Topsoil) OL. 
Stiff, brown-gray, silty CLAY; moist; trace of 
sand and gravel; scattered organics and 
iron-oxide stains; CL. 
Soft to medium stiff, brown to gray, silty CLAY; 
moist to wet; trace of sand and gravel; CL 

ii 
.r.-
0. 
Ql 
0 

0.0 

2.0 

10.0 

J--V-:-e_ry_s_o-=ft,~g-,a-y-, -,sl:=-ig-;-h-;;tly~s-=-a=-ndy~.-s71ig-';h:-:tly:--g-ra_v_e-::-lly-,--; 22·0 

silty CLAY; wet; CL. 

.__V_e_ry_s-ofl-to_m_e-:d::-iu_m_s-:-:tiff-:;-, g_r_a_y_, s-:l::--ig7h-::tl-y-s::-itty-----l 38·0 

CLAY; wet; trace of gravel; Cl. 

1--S-o-ft-to-stiff"'"· ::-.-g-ra_y_, -si~lty--::C:--:-LA~Y7"";_m_o-=-is-:t;-tr::-a-c_e_o-:f:----l &4.0 

sand and gravel; rock at 73.5 feet; CL. 

J--H-a-rd-c.-g-r-ay-.-s-::ilty:--:C::cLA:-=-:-:y:-; -m-o..,.is-:-t;-m_a_ss....,i,-ve-s.,..tr-uc-=t-u-,e-;--l 76·0 

CL 

!1------=s:--::o::-::n=o::--;Mc-:-::o:;--;F=-;::s-=o-=R:-c1N:-;-G-=--------1 104·5 

~ COMPLETED 1/20/99 
Q: 

LEGEND 

0 
(I) 
GI 

J:J 0.. 
E E >, IO Cl) Cl) 

1:r: 

2:r: 

3:C 

4:J: 

s:r: 

eI 

1:r 

a:r: 

9:J: 

10:r 

11i 12 
13I 

14I 

1sI 

1eI 

11:::r 

1s:::r 

19:J: 

20:::r 

21:::r 

22:::r 

Sample Not Recovered Ground Water level ATO 

.... 
0 
0 
..J 

~ 
z 
< 
I 
U) .., 
n. 
0 

q 
:;; 
"' ~ 

I 2-lnch 0.0. Split Spoon Sample 

]I 3-inch 0.0. Shelby Tube Sample 

NOTES 

1. The stratification linei; repre-sent the approximate boundaries between wil 
typ,,s, end the transition may be gradual. 

2. The discussion in the iex1 of this report is necessary for a proper 
understanding of the nature of the subsurface materials. 

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

~. Refer lo KEY for explanation of -Symbols- and definitioni;. 

5. USCS designation is based on visual-manual classification and select..d 
laboralory inde• to<.ting. 

"' C: a 

"C ... 
C (I) 

:, -0 <ti 

&3: 

...; 
u. 
~ a. 
GI 
0 0 

0 

Standard Penetration Resistance 
(140 lb. weight, 30" drop) 

A Blows per foot 

20 40 

20 40 

S % Water Content 

Plastic Limit J 9 I Liquid Limit 
Natural Water Content 

ARCO Products Company 
North Cherry Point Substation Project 

Blaine, Washington 

LOG OF BORING 8-5 

January 1999 W-8557-01 

SHANNON & WILSON, INC. 
Geotechnteaf and En",R>f'menbl Cons.utunts. FIG. 7 



SOIL DESCRIPTION 

Surface Elevation: Approx. 102.6 Ft. 

Soft, dark brown, organic, silty CLAY, 
numerous roots; (Topsoil) OL 
Very stiff, brown, sandy, silty CLAY; moist; 
layers of silty fine sand; CL 
Medium stiff, brownish gray, sltghtly silty to silty 
CLAY; moist; massive; CH. 
Very soft to medium stiff, gray, sandy, silty 
CLAY; wet; trace of gravel, numerous sheDs at 
23 to 25 feet; CH. 

it 
£5 
0. 
Cl) 

0 

1-...,.V_e_ry_s_o-=-ft-t_o_m_e_d-::-iu_m_s-ctiff:::--, g-r-a-y,-s...,.ilty_C __ LA_Y_, __ w-et;-· -~ 30.o 
trace of sand, occasional shells; CL 

1-.,..V,-e_ry_s_o-:cft:-, -gr_a_y_, s-::li,...gh:-:tly:--s-::ciltyc-::Cc:-LA'"77".Y,....; w-et;-· -tra_c_e_o_f_-l 40.0 

sand and gravel; CH. 

1---M-e-d-iu_m_s_tiff __ ,_g_r-ay-,-s..,,.ilty---=C:-:LA--,-Y.,...; _m_o-ls-t-to-w-et;-----l 63·0 

trace of sand and gravel at 70 to 76 feet; CH. 

t--:S::-tiff--. -. -g-ra_y_, -g-ra_v_e-::lly-.-s-a-n-:dy-.-s-::ilty-C-,LAc--Y-;_m_o_is_t;_C_L __ --' 76•0 

t--:-Hc-a-r...,.d,-g-r-ay-.-s-::ilty--:C::-:LA~Y.,..;_m_o..,.ls...,.t;_tr_a_c_e_o_f_s_ilt----' 84·0 

partings, trace of sand and gravel at 103 to 
109.5 feet. scattered shells at 103 to 105 feet, 
massive; CL 

LEGEND 

0 
II) 
(I) 

.£l 0. 
E E >- al en en 

1 :r:: 
2:r: 
JI 

:I 
eI 

7:J: 

:I 
10:r 

11:r 

Sample Not Recovered Ground Waler level ATD 

e 
~ 
b 
0 .., 
:; 

I 2-inch 0.0. Split Spoon Sample 

TI 3-inch 0.0. Shelby Tube Sample 

NOTES 
z 
< 
iJi 

1. The stratification lin~ represent the approximate boundaries between roil 
~. and the transition may be gradual. 

2. The discussion in the tex1 of this report is necessary for a proper 
understanding of the nature of the subsurface materials. 

? :ij 3. Groundvr.ator level, if indicated above, is for the date specified and may vary. 

-, 
0.. ., 

3 4. Refer to KEY for explanation ol "Symbols" and defini1ions. 

':l. 

.. 
C 

'C 
:, 
a 

"O ... 
C (I) 
:, ..... 
O al 

c'5 3: 

it 
.c-

Standard Penetration Resistance 
(140 lb. weight, 30" drop) 

a. A Blows per foot 
Ql 

0 0 20 40 

0 20 40 

0 % Water Content 

Plastic Limit I O I Liquid limit 
Natural Water Content 

ARCO Products Company 
North Cherry Point Substation Project 

Blaine, Washington 

LOG OF BORING 8-6 

January 1999 W-8557-01 

':; 5. uses des!gnation i~ based on visual-manual classification and selected SHANNON & WILSON, INC. 
- laboratory index testing. FIG 8 ~L-~~~~~~~~-~-~~~~~~~~~~~~~~~~1--G~eot.:.:.~:h:ni:Q:'~:n:d:E:n~:·ro:n:m:e:nb:l:Co:n:•:u~::~u:_J_~..:...:.:·~·~·~··..;;:,;..J 



SOIL DESCRIPTION 

surface Elevation: Approx. 106.4 Ft. 

Soft. dark brown, organic, silty CLAY; we~ 
numerous roots; (Topsoil) Ol. 
Medium stiff, brown-gray, silty CLAY; moist; 
scattered iron-oxide.stems, trace of organics; 
CL 
Soft. brownish gray to gray, slightly silty CLAY; 
moist to wet; CH. 

.c 
0. 
(I) 

0 

0.0 

3.5 

10.0 

J-_V_e_ry_s-oft_t_o_s_o-=tt,-g-,a-y-, -:sl::-ig7h-;;tty-g-ra_v_e::-lly-, -s:-:-cilty----l 20·0 

CLAY; wet; trace of organics, occasional shells; 
CL 

1--H-a,-d-, -g-ra-y-.-s-ilty_C_LA,..-:-Y:-; -m-o-=-is-:t-; _m_a_ss-,-iv_e_, -tr_a_c_e_o_f_-j 68·0 

ash partings at 68 to 70 feet, occasional shells; 
CL 

0 
Ill 
(I) 

.0 a. 
E E >, t1l Cl) Cl) 

13I 

-0 L. 
C a, 
:, .... 
0 t1l 

(9~ 

~ Standard Penetration Resistance 
.r:. (140 lb. weight, 30" drop) 
a. Blows per foot Jt,,. 
Ql 
0 0 20 40 

. :: ......... -: ........ . 

,o \ ••.••. !&•.•.•• \Utt 
: : ii; ii I: I iii i ! ! 1 i ~ 1 ii ( i ~ ~ ! ! 

20 ·: _: : _: : _: _ _: _ _:_ :_! :_: _: : _: _ _: :. :J_: _ _:_: _: _ _: :_: __ : _:_ 
: : : : : : : : i::::::::: 1::::::::: 
::::::::1:e:::::::1::::::::: ........ : ......... : ........ . 

TV=O.ltsf : : : : : : : : j::::::::: j::::::::: 
TV=0.3ts~ .. : : : : :- ~-:·:l--.:.• :-:- :- :-: : l·: -: :--:--: :- :- :- :­

. : : : : : : : :10::::::::/::::::::: 

. . . . . : : : : ~ . . . . : : : : : ! : : : : : : : : : 

40 : :.:. : : -:- >- :--1 : : : ~ : :- :- :-!--:- :--:- :-:--:--:- :-:-
.. ···:::1::::::0::1::::::::: 

...... : ......... : ........ . 

50 •.• t-• ! • t. ~. i-/ .. 
··:::::: :) :::::::o:i ::::::::: 

60··········•1••·•Wt!T< :::::::::)=:::.::::i :: 
. . ; : : : : : : : . . ~ . 

70 · <·: : :-.:.: ~--=-!-: : :~ :- : :_ : __ :_J.:. >- :- ). : __ : _ _:_ 
::::::jj]J:]~!::(·1:. 

so :_:::: _: < /.:.•'.-::: :-:-'. L): _:_: __ :_:_:: 
:::::::::\::•::::::_1,_: . 
. . . . . . . . . ! .... 

90 _U_( \/ i U.!.i_:~i i: : __ :_J: __ : ____ :_:_:_:_:_:_ 
! . : . . . 

20I : : : : : : : : : ) : e:::::: l ... 
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LEGEND 

Sample Not Recovered 

I 2-inch 0.0. Split Spoon Sample 

JI 3-inch 0.0. Shelby Tube Sample 

NOTES 

Ground Water Level ATD 

1. The stratificalion lines repre,;ent the appro,imate boundaries between soil 
types, end the transition may be gradual. 

2. The discussion ln the texl or this report is necessary for a proper 

0 20 40 

0 % Water Content 

Plastic Limit I e I Liquid Limit 
Natural Water Content 
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Blaine, Washington 

LOG OF BORING 8-7 
understanding of the nature of tho subsurface materials. 

y 
~ 3. Groundwater level, If Indicated above, ls for the date specified and may vary. January 1999 
~ 4. Refer lo KEY for explanation of -symbots· and definitions. 
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"' 5. uses designation is basod on visual-manual classification and selocled SHANNON & WILSON, INC. FLG.n,. 
< laboratory indct testing. ~hnic:al ~nd Envitonmentll Consultants t ;:,?, 
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