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Technical Memorandum No. 1

SEISMIC HAZARD EVALUATION/ GEOTECHNICAL REPORT

1.0 INTRODUCTION

Shannon & Wilson has completed a geotechnical site-specific seismic hazard evaluation for
the JWC (Fern Hill Road) Water Treatment Plant (WTP). The site specific evaluation was
conducted in general accordance with the applicable portions of the 2006 International
Building Code (IBC) and the 2007 Oregon Structural Specialty Code (OSSC). The
evaluation includes:

. Review and compile existing geotechnical information,

) Characterize subsurface stratigraphy and soil properties based on the existing
geotechnical information,

) Develop response spectra for ground motions with 2%, 10% and 50% probability of
exceedance in 50 years,

. Evaluate the potential hazard posed by earthquake-induced geologic hazards
including liquefaction and liquefaction-induced settlement,

. Provide geotechnical support and develop mitigation concepts.

The project site is located in Washington County, Oregon, approximately 2 miles south of
the City of Forest Grove on Fern Hill Road. The JWC WTP is approximately 1,000 feet south
of the Tualatin River (see Figure 1), about 30 feet above the river level. The initial phase of
the JWC WTP was designed and constructed around 1974.

2.0 REVIEW OF EXISTING INFORMATION

The seismic evaluation provided in this report is based on existing subsurface information.
Specifically, Shannon & Wilson collected and reviewed geotechnical information from the
following documents.

Shannon & Wilson, Inc., 1974, Fern Hill WTP design report, prepared for the City of
Hillsboro, Oregon, 1974.

“Geotechnical Investigation, Raw Water Intake Pipeline” by Shannon & Wilson, Inc.,
1993, prepared for Ace Consultants, Beaverton, Oregon, 1993.

“Geotechnical and Seismic Investigation, Fern Hill Water Treatment Plant Expansion
Forest Grove, Oregon”by Cornforth Consultants, Inc., 1995, prepared for the Joint
Water Commission.

E
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“Seismic Liquefaction Evaluation, Fern Hill Water Treatment Plant Expansion, Forest
Grove, Oregon” by Cornforth Consultants, Inc., 1995, prepared for Joint Water
Commission.

“Geotechnical Data Report, Joint Water Commission’s Fern Hill Reservoir No. 2 and
Water Treatment Plant Near Term Improvements Projects”by CH2M Hill, inc, 2005,
prepared for the Joint Water Commission.

Borings drilled for the 1974 Shannon & Wilson (S&W) report and the two 1995 Cornforth
reports were located in the immediate vicinity of the WTP. The boring locations are shown
on Figure 2 and were used to develop the subsurface profiles on Figure 3. The logs of these
borings are included in Appendix A. The results of previous laboratory tests performed on
samples from these borings are provided in Appendix B.

The 1993 Shannon & Wilson report was prepared for design and construction of the pipeline
between the raw water intake pump station on the Tualatin River and the WTP. The 2005
CH2M Hill report was prepared for the design and construction of a 20 million gallon (MG)
reservoir on top of Fern Hill, a new transmission pipeline to the WTP, solids drying beds and
overflow piping. The boring logs from these reports were used to characterize groundwater
conditions in the general area, but were too distant to include subsurface profiles of the
WTP and are not included with this report.

3.0 GEOLOGIC AND SEISMIC TERMINOLOGY
The following geologic and seismic terminologies are defined to expand readership:

Fossiliferous Sandstone — sandstone containing fossils.

Forearc Basin — a depression, often filled with sediment, between a volcanic arc and a
subduction zone.

Quaternary — a geologic time period from about 2.6 million years ago until the present.

Response Spectra — a plot typically of either the spectral acceleration or the spectral velocity
versus various natural periods (T’s).

Subduction Zone — the area at the boundary between an oceanic and a continental plate
where the oceanic plate descends under the continental plate.

Shallow Crustal Earthquake — an earthquake occurring on a fault within and near the
surface of the earth’s crust, not associated with a plate boundary.

Spectral Acceleration — the acceleration experienced by a structure during a seismic event.
Site Class — designation of a site from A through F, subsurface rock/soil properties.

Thrust Fault — a low-angle fault in which the upper block moves up and onto the underlying
block in a zone of compression; a subduction zone is a large-scale thrust fault, or “mega-
thrust”.

FINAL - October 2008 2
pw./iCarollo/Documents/Client/ORIWC/7798A00/Deliverables/Final Report/TM1_Geotechnical Report {A)



4.0 GEOLOGIC AND SUBSURFACE CONDITIONS
4.1 Geology

Based on the mapping work performed by the Oregon Department of Geology and Mineral
Industries (Schlicker and Deacon, 1967), the oldest materials in the area are Oligocene age
marine sedimentary rocks, which rise to the ground surface along the southeast edge of the
WTP site. The marine sediments consist of a deeply weathered zone about 35 to 45 feet
thick consisting of medium to high plasticity silts and clays, which grade downward to
fossiliferous sandstone. On the WTP site, fine-grained deposits of the late Pleistocene
catastrophic Missoula Flood deposits overlie the marine sediments. The flood deposits

consist of approximately 40 to 50 feet of fine-grained sand and non-plastic to low plasticity
silt.

4.2 Subsurface Conditions

S&W's understanding of the subsurface conditions is based on the information included in
the reviewed reports. A number of subsurface explorations have been completed at the
WTP location. Data from the 1973 Shannon & Wilson exploration and the 1995 Cornforth
Consultants exploration was incorporated into the seismic hazard evaluation. The location
and designation for the exploratory borings are located on Figure 2, Site Plan. Additional
explorations for this study were not performed. Based on the previous work, two geologic
profiles across the site were developed. The location and length of the profiles are indicated
on Figure 2, Site Plan. Geologic profiles were named A and B, and are presented on Figure
3. Groundwater elevations and soil units used in the geologic profile appear to be fairly
consistent between the various reports.

Four soil units were identified for this evaluation. The soil units were grouped according to
material type, density/consistency values and Atterberg limit values. The subsurface
stratigraphy beneath the site is relatively uniform. The top 40 to 50 feet consists of loose
silty sand and non-plastic to low plasticity, sandy silt. Below the silt and sand is a 35- to 45-
foot thick zone of stiff to very stiff, interbedded, medium to high plasticity silt and clay. Below
the interbedded silt and clay and at an elevation of approximately 100 feet, very dense sand
and gravel was encountered. The deepest boring at the site, boring B-3, penetrated 19 feet
of very dense sand and gravel and terminated in a weak, fossiliferous sandstone
immediately below the sand and gravel.

4.21 Groundwater

Groundwater at the site is reported within a few feet of the ground surface. Groundwater
measurements in piezometers installed for the plant construction and for the construction of
the reservoir transmission pipeline indicate groundwater near the surface. Piezometer
measurements for the plant construction indicated that groundwater varied between the
ground surface and approximately 15 to 20 feet below ground surface (bgs). Piezometer
measurements for the reservoir transmission pipeline design indicated groundwater
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between 1 and 8 feet bgs. Anecdotal evidence of high ground water is also found in plant
construction documentation, in which the contractor had groundwater control issues in
excavations less than 10 feet deep. Based on this information, the groundwater level was
assumed to be at the ground surface in the analyses.

5.0 EARTHQUAKE GROUND MOTIONS

The seismic evaluation of the WTP will be based on multiple ground motion hazard levels.
This evaluation requires development of response spectra for ground motions with 2%, 10%
and 50% probabilities of exceedance in 50 years. These probabilities of exceedance
correspond to the return periods shown in Table 1.

Table 1 Probability of Exceedance and Corresponding Return Period
Seismic Hazard Mitigation Study
Joint Water Commission

Probability of Exceedance in 50 Years Return Period (years)
2% 2,475 (~2,500)
10% 475 (~500)
50% 72 (~ 100)

Response spectra for these ground motion levels was developed using the code-based
procedures in the IBC 2006 for Maximum Considered Earthquake (MCE) ground motions.
Computation of spectra using this code is based on seismological inputs. The following
provides a brief description of the seismogenic sources, seismological input, site soil
response factors, and the resulting response spectra.

5.1 Seismogenic Sources

Within the present understanding of the regional tectonic framework and historical
seismicity, three broad seismogenic sources have been identified:

. A mega-thrust source at in interface between the North American and Juan de Fuca
plates in the Cascadia Subduction Zone (CSZ).

. A deep subcrustal zone (intra-slab) in the subducted Juan de Fuca Plate and Gorda
plates in the CSZ.

) A shallow crustal zone within the forearc of North American Plate.

For the general area of the WTP, the seismogenic sources that contribute significantly to the
ground motion hazard include both megathrust earthquakes on the CSZ (located about 85
miles west of the site) and shallow crustal earthquakes on nearby faults. The nearest
mapped shallow crustal fault is the Gales Creek Fault Zone, located approximately 1.8 miles
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WSEW of the site. This zone consists of multiple northwest trending dextral strike-slip faults.
The zone has been suggested to be inactive by researchers, but is classified by the U.S.
Geological Survey (USGS) as potentially active with Quaternary movement (Personius,
2002a). The other two shallow crustal faults within a 10-mile radius of the site are the
Beaverton Fault Zone and the Helvetia Fault. The Beaverton Fault Zone begins
approximately 5.4 miles ESE of the site and strikes east-west; the Helvetia Fault is located
about 9.5 miles ENE of the site. Similar to the Gales Creek Fault Zone, the USGS has
classified these faults as potentially active with Quaternary movement (Personius, 2002b,c).
Quaternary faults mapped within a 30-mile radius of the site are listed in Table 2.

Table 2 Quaternary Faults
Seismic Hazard Mitigation Study
Joint Water Commission

Fault Name Distance To Fault (mi) Direction to Fauit

Gales Creek Fault Zone 1.8 WSW
Beaverton Fault Zone 5.4 ESE
Helvetia Fault 9.5 ENE
Newberg Fault 12.5 SSE
Oatfield Fault 14.8 ENE
Canby-Molalla Fault 15.5 ESE
Portland Hills Fault 16.2 NE

East Bank Fault 17.5 NE

Mount Angel Fault 25 SE

Grant Butte and Damascus-

Tickle Creek Fault Zone 26 E

Tillamook Bay Fault Zone 26.3 WSW

As previously indicated, the seismic evaluation of the WTP is based on ground motions with
2%, 10% and 50% probabilities of exceedance in 50 years. The ground motion hazard at a
given probability of exceedance is the sum of the hazard from the various seismogenic
sources (the sum of the hazard is equal to 100% for a given probability of exceedance).
Ground hazards for multiple seismogenic sources are computed using probabilistic seismic
hazard analyses (PSHA). The USGS has performed PSHA and calculated ground motion
hazard levels nationwide considering multiple seismogenic sources.
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Table 3 shows the relative contribution of seismogenic sources to the ground motion hazard
levels calculated from the USGS PSHA. As shown on this table, shallow crustal and CSZ
megathrust earthquakes contribute the most to the seismic hazard at the WTP site for the
probabilities of exceedance or return periods considered in the seismic evaluation. We note
that the hazard contribution of a CSZ megathrust earthquake is only half of the shallow
crustal source for the 72-year return period ground motions, while it is approximately equal
in hazard contribution for the 475- and 2,475-year return period ground motions.

Table 3 Earthquake Hazard Contribution
Seismic Hazard Mitigation Study
Joint Water Commission

CSZ megathrust CSZintra-slab  Shallow Crustal

, Exceedance EQ % EQ % EQ %
Return period, yr . o . .
Probability contribution to contribution to contribution to
total hazard total hazard total hazard
2,475 2% 47 % <1 % 53 %
475 10 % 52 % 4 % 44 %
72 50 % 26 % 17 % 57 %

Table 4 further illustrates the different properties or parameters for the earthquakes that
contribute to the ground motion hazard levels. These earthquake parameters were used in
evaluating the seismic hazards at the JWC WTP site. The magnitudes and distances of
earthquakes were obtained from the USGS web site, Probabilistic Seismic Hazard
Deaggregation, based upon the project site location (Longitude = -123.0970, and Latitude =
45.4877). Peak ground accelerations (PGA) shown on Table 4 were obtained from the 2002
USGS Seismic Hazard Maps (Frankel et al., 2002) and USGS Ground Motion Parameter
Tool (Version 5.0.7) for the Pacific Northwest Region.

FINAL - October 2008 6
pw./{Carollo/Documents/Client/OR/JWC/7798A00/Deliverables/Final Repor/TM1_Geotechnical Report (A)




Table 4 Earthquake Characterization by Seismogenic Source
Seismic Hazard Mitigation Study
Joint Water Commission

. . Modal Modal
Eer?:ieaia;IriT; Bedrock PGA (g) Selggnuorgzmc Dist?nce from Magnitude
Site (km) (M..)
2% 0.371 Shallow Crustal 10 6
CSZ Intra-slab 60 7.2
CSZ Megathrust 72 8.6
10 % 0.188 Shaltow Crustal 15 5.9
CSZ Intra-slab 65 7.0
CSZ Megathrust 76 8.6
50 % 0.053 Shallow Crustal 31 5.7
CSZ Intra-slab 80 7.0
CSZ Megathrust 100 8.3

5.2 Ssand$S,

The seismological inputs used to construct a response spectrum using the 1BC 2006
procedure are short period spectral acceleration, Sg, and spectral acceleration at the 1-
second period, S, shown on Figure 1615 in the code. As defined in the IBC 2006, Sg and S,
are for a maximum considered earthquake that corresponds to ground motions with a 2%
percent probability of exceedance in 50 years and determined from the USGS national
PSHA. Sg and S, for other probabilities of exceedance or return periods are also published
by the USGS. Sg and S; for ground motions with 2%, 10% and 50% probabilities of
exceedance in 50 years from the USGS study in the vicinity of the site are summarized on
Table 5.

Table 5 Ssand S,
Seismic Hazard Mitigation Study
Joint Water Commission

. . Ss Sy
Exceedance Probabilit Retur riod, yr ) )
y nperiocy (g's) (@’s)
2% 2475 0.887 0.370
10% 475 0.442 0.167
50 % 72 0.114 0.034
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5.3 Site Class

The site soil response factors are based on determination of the Site Class. Determination
of the seismic Site Class was based on the procedure described in the OSSC for seismic
site classification using standard penetration resistance values. Based on the subsurface
explorations at the site, the engineering opinion is that the site is best classified as E.

The liquefaction hazard calculations, discussed in the following section of this report,
indicate that some of the site soils are potentially liquefiable for the 2%- and 50%-
probability-of-exceedance-in-50-year ground motions. Subsurface conditions with potentially
liquefiable soils correspond to Site Class F. For F sites, the code requires a site-specific
ground response evaluation for structures with periods greater than 0.5 seconds. For
structures with periods less than 0.5 seconds, the code allows for seismic design based on
a site class determined without regard to liquefaction.

Based upon initial discussions with the structural engineer, the fundamental periods of
vibration of the structures are less than 0.5 seconds, since the buildings and facilities at the
WTP are one or two story structures with concrete walls.

5.4 Response Spectra

The response spectra for ground motions with 2%, 10% and 50% probabilities of
exceedance in 50 years and Site Class E are presented on Figure 4. Peak bedrock ground
accelerations, Sg, and S were determined using the USGS Earthquake Ground Motion
Parameters software, version 5.0.7 (June 18, 2007). The Site Class E response spectra
were constructed using the IBC 2006 procedure. It should be noted that the response
spectra for a 2%-probability-of-exceedance-in-50-years ground motion presented in Figure 4
are for Maximum Considered Earthquake (MCE) ground motions and have not been scaled
by 2/3 to generate “design” spectra, which is required in the IBC 2007.

6.0 EARTHQUAKE-INDUCED GEOLOGIC HAZARDS

Earthquake-induced geologic hazards that may affect a given site include landsliding, fault
rupture, settlement, liquefaction and associated effects (loss of shear strength, bearing
capacity failures, loss of lateral support, ground oscillation, lateral spreading, etc.), and
flooding (i.e., seiche and tsunami). Liquefaction and related effects appear to pose the most
likely and significant earthquake-induced geologic hazard at the site. The following sections
of this report present an evaluation of the earthquake-induced geologic hazards, including
liquefaction potential and associated effects.

6.1 Liquefaction Potential Analysis

Soils that are typically highly susceptible to liquefaction are loose, saturated cohesionless
sandy, or silty soils. Soil particles in a loose soil will tend to arrange themselves in a more
compact configuration (i.e., densify) when shaken with sufficient intensity. If there is water
between the soils particles (i.e., the soil is saturated), the tendency of the soil to densify
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decreases the pore space between the soil particles and increases the pore water pressure.
Liquefaction results as pore water pressure in the soil approaches the effective confining
stress, causing the soil to effectively loose most of its shear strength. The effects of
liquefaction may include loss of bearing capacity for shallow foundations, reduction in fateral
and vertical capacities of deep foundations, buoyant rise of buried structures, ground
surface settlements, lateral spreading and embankment instability or slumping.

The most widely used method is an empirical procedure, termed “Seed’s Simplified
Procedure.” This method was proposed by Seed and his colleagues (1971 and 1983) and
updated by Youd et al. (2001) and is based on correlations between standard penetration
resistance (SPT N-value), soil peak ground acceleration (FGA), and earthquake magnitude.
Based upon the geologic profile presented in Figure 3, the subsurface soil conditions are
relatively consistent across the WTP site. Therefore, we selected two borings, B-3 and B-8,
to evaluate the liquefaction potential using the above procedure. The factors of safety
against liquefaction for SPT N-values from borings B-3 and B-8 were calculated for each
ground motion hazard level. The results of the analyses indicated similar conclusions for the
liquefaction potential. Thus, the calculated factors of safety for Boring B-8 are presented in
Figures 5 to 8, as illustrative purpose.

Because the calculated factor of safety is a function of earthquake magnitude, we
considered magnitudes associated with both shallow crustal and CSZ mega-thrust events in
the liquefaction analyses. For the 475- and 2,475-year ground motions, the calculated
factors of safety against liquefaction for the saturated cohesionless soils in the top 40 to 50
feet (sand, silty sand, and non-plastic or low plasticity silt) were generally less than 1
regardiess of whether a shallow crustal earthquake magnitude or CSZ megathrust
earthquake magnitude was used in the analyses. For the 72-year return period ground
motions, the factors of safety for a shallow crustal earthquake magnitude are generally
greater than 1, but generally less than 1 for subduction zone megathrust earthquake
magnitudes. It should be noted that for the 72-year return period most of the hazard is from
shallow crustal sources (see Table 3); only 26 percent of the ground motion hazard is from
the megathrust source.

The plastic silt and clay soils and very dense gravels below the silt and sand in the upper 40
to 50 feet (i.e., below an elevation of approximately 145 feet) all have cohesive properties or
are sufficiently dense to preclude liquefaction.

6.2 Liquefaction-Induced Settlement

The potential range of liquefaction-induced settlement was estimated for borings B-3 and
B-8 using the procedures by Tokimatsu and Seed (1987). Similar to the liquefaction
potential factor-of-safety calculations, because of the relatively consistent subsurface
conditions, the calculated settlements for the above two borings are in the same order of
magnitude. Therefore, the range of the calculated settlements are representative for the
entire WTP site. Further, based upon the analyses, significant settlements are estimated for
both the 2,475- and 475-year earthquakes regardiess of assumed magnitude. For the 72-
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year return period ground motions, no liquefaction-induced ground settlement is estimated
for shallow crustal earthquake magnitudes, while settlements are on the order of 7 to 9
inches estimated for CSZ megathrust magnitudes. The estimated settlements are shown on
Table 6.

Table 6 Liquefaction Settlement
Seismic Hazard Mitigation Study
Joint Water Commission
Exceedance Probability Magnitude Range of Settlements (in)
2% (2475 yr & M8.6) 13-15
10% (475 yr & M8.6) 12-14
50% (72 yr & M5.7)-crustal No Liquefaction Induced Settlement
50% (72 yr & M8.3)-subduction 7-9

The settlements in Table 6 are total settlements. Differential settlements may be the same or
nearly the same as the total settlements.

6.3 Lateral Spreading Hazard

Lateral spreading potential for the site was evaluated, using the procedures described by
Youd, Hansen and Bartlett, 2002. We evaluated the hazard for ground deformation between
the WTP and the Tualatin River. As described by Youd et al., liquefaction-induced lateral
spreading resulting in ground deformations occur on slopes underlain by loose sands and
shallow ground water with as little as 0.3% ground slope. If liquefaction occurs, intact soils
on top of liquefied soils may move as blocks down slope under the force of gravity. In order
to perform the lateral spreading analysis, the following site and geologic conditions have
been assumed based on review of available information.

. The northwest corner of the plant is approximately 1,000 feet from the river.

. The ground slopes down from the plant to the river at a slope of approximately 3.5
percent (assume a continuous slope from the WTP to the river).

. We estimate that the there may be a continuous 20-foot thick layer of liquefiable soil
between the WTP and the river.

. The lateral spread potential was evaluated for the three earthquake ground motion
levels.

Similar to the liquefaction potential factor-of-safety calculations, the settlement calculations
are a function of the earthquake magnitude. Based on the “best estimate” subsurface model
and the above assumptions, ground deformation is calculated to occur with all three ground
motion levels and CSZ earthquake magnitudes, but essentially no movement is calculated
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to occur with the shallow crustal earthquake magnitudes. Table 7 presents the results from
the lateral spreading evaluation.

Table 7 Lateral Spreading Evailuation
Seismic Hazard Mitigation Study
Joint Water Commission

Potential Range of Ground Deformations

Exceedance Probability [Towards River] (in)

2% (2475 yr & M8.6) 6-8
2% (2475 yr & M6.0) <0.5
10% (475 yr & M8.6) 4-6
50% (72 yr & M8.3)-subduction < 0.5

The results of the lateral spreading hazard evaluation represent a “best estimate” with the
limited available subsurface information between the WTP and the river. A more reliable
estimate of liquefaction hazard could be made if subsurface explorations are performed to
explore the actual subsurface conditions between the WTP and the river.

6.4 Liquefaction-Related Reduced Foundation Capacities

The effects of liquefaction on the foundation capacities of specific structures or of uplift
forces on buried structures have not been analyzed. We believe that reduction in foundation
capacities, both lateral and vertical, and uplift forces, particularly for 475- and 2,475-year
return period ground motions will likely be significant. However, due to the estimated
significant liquefaction-induced settlement, our opinion is that the seismic performance of
the buildings and structures founded on the liquefiable soils will be controlled by the
liquefaction-induced settlements instead of seismic bearing capacities.

6.5 Other Earthquake-Induced Geologic Hazards

The risk posed by other earthquake-induced geologic hazards to the WTP is considered to
be relatively low. A brief discussion of other earthquake-induced geologic hazards is
provided in this section of the report.

The risk posed by landsliding is considered relatively low. This opinion is based on the flat
topography at the site and the large distance to significant slopes (e.g., river edge or Fern
Hill). The potential for fault rupture is also relatively low. The nearest mapped fault is the
Gales Creek Fault Zone, located approximately 1.8 miles WSW of the site. This zone
consists of multiple northwest trending dextral strike-slip faults. While this fault is considered
potentially active by the USGS, the potential for fault rupture at the site is relatively low
because of the distance and orientation between the site and the fault.
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The potential for flooding due to seismic waves (tsunami or seiches) is also relatively low as
the site is located several tens of miles inland from the coast and any potential tsunami
wave, and there are no significant adjacent closed water bodies in which a free-standing
oscillating wave (seiche) could develop and affect the site.

6.6 Recommended Site-Specific Seismic Hazard Evaluations

The seismic hazard evaluation performed for this study is a simplified code-based seismic
hazard evaluation. A complete site-specific evaluation was not performed based on the
project scope requirements for a conceptual-level seismic evaluation of the JWC WTP. A
site-specific seismic hazard evaluation for this site should include field explorations,
laboratory testing, and numerical modeling analyses, such as Shake or D-MOD2000
analysis. These evaluations may reduce the estimated magnitudes of the seismic
parameters, such as spectral accelerations, which in turn may reduce the risk associated
with liquefaction and its induced settlements, as well as lateral spreading. Therefore,
performing a site-specific seismic hazard evaluation is recommended during the next phase
of the project, or prior to design of any seismic upgrades and/or expansion of the plant.

7.0 LIMITATIONS

The observations, analyses, conclusions, and recommendations contained in this report are
based upon site conditions as they presently exist, and further assume that the borings are
representative of subsurface conditions throughout the site, i.e., the subsurface conditions
everywhere are not significantly different from those disclosed by the field explorations.

If, during construction or future explorations, subsurface conditions different from those
encountered in the field explorations are observed, JWC staff should advise S&W at once
so that these conditions can be reviewed and the recommendations can be reconsidered
where necessary. If there is a substantial lapse of time since the submission of this report or
if conditions have changed due to natural causes or construction operations at or adjacent
to the site, it is recommended that this report be reviewed to determine the applicability of
these conclusions and recommendations, considering the changed conditions and the
elapsed time.

This repott is prepared for the exclusive use of the Joint Water Commission and Carollo
Engineers. It should be made available to prospective contractors for information on factual
data only, and not as a warranty of subsurface conditions described in this report. Shannon
& Wilson has prepared the attached, “Important Information About Your Geotechnical
Engineering Report,” to assist you and others in understanding the use and limitations of our
reports. This attachment is presented in Appendix C of this report.

Please note that the scope of services did not include any environmental assessment or
evaluation regarding the presence or absence of hazardous or toxic materials in the soil,
surface water, groundwater, or air, on or below or around the JWC WTP site.
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Appendix A

BORING LOGS



APPENDIX A
PREVIOUS FIELD EXPLORATION

Appendix A: Field Exploration A-l 24-1-03459-001



BORING CLASS1 1973 SW LOGS.GPJ SWNEW.GDT 12/5/07

Shaninon & Wilson, Inc. (S&W), uses a soil
classification system modified from the Unified Soil
Classification System (USCS). Elernents of the
USCS and cther definitions are provided on this and
the following page. Soil descriptions are based on
visual-nanual procedures (ASTM D 2488-93) unless
otherwise noted.

S&W CLASSIFICATION
OF SOIL CONSTITUENTS

GRAIN SIZE DEFINITION

* MAJOR constituents compose more than 50

percent, by weight, of the soil. Major consituents
are capitalized (i.e., SAND).

Madifying (secondary) constituents compose 30 to
45 percent of the soil (i.e. sandy, silty, etc).

+ Minor constituents compose 12 to 50 percent of

the soil and precede the major constituents (i.e.,
sitty SAND). Minor constituents preceded by
"slightly" compaose 5 to 12 percent of the soil
{i.e., slightly sitty SAND).

Trace constituents compose 5 percent of the soil
{i.e., slightly silty SAND, frace of gravel).

Dual symbals apply to coarse grained soils with 10
percent fines.

DESCRIPTION SIEVE NUMBER AND/OR SIZE

FINES < #200 (0.08 mm)
SAND*

- Fine #200 to #40 (0.08 to 0.4 mm)

- Medium #40 to #10 (0.4 to 2 mm)

- Coarse #10 to #4 (2 t0 5 mm)
GRAVEL*

- Fine #4 t0 3/4 inch (5 to 19 mm)

- Coarse ¥4 to Jinches (19 to 76 mm)
COBBLES 3 to 12 inches (76 to 305 mm)
BOULDERS > 12 inches (305 mm)

* Unless otherwise noted, sand and gravel, when
present, range from fine to coarse in grain size.

RELATIVE DENSITY / CONSISTENCY

MOISTURE CONTENT DEFINITIONS

Dry  Absence of moisture, dusty, dry to
the touch

Moist ~ Damp but no visible water

Wet  Visible free water, from below
water table

ABBREVIATIONS

ATD At Time of Drilling
Elev. Elevation
ft feet
FeQ  Iron Oxide
MgO  Magnesium Oxide
HSA  Hollow Stem Auger
ID  Inside Diameter
in  inches
lbs pounds

Mon. Monument cover

Blows for last two 6-inch increments
NA  Not applicable or not avaiable
NP Non plastic
oD Outside diameter
OVA  Qrganic vapor analyzer
PiD Photo-ionization detector
ppm  parts per million
PVC  Polyvinyl Chloride
SS  Split spoon sampler
SPT  Standard penetration test
USC  Unified soil classification
WLI Water level indicator

COARSE-GRAINED SOILS FINE-GRAINED SOILS
N, SPT, RELATIVE N, SPT, RELATIVE
BLOWS/FT. DENSITY BLOWS/FT. CONSISTENCY
0-4 Very loose Under 2 Very soft
4-10 Loose 2-4 Soft
10-30 Medium dense 4-8 Medium stiff
30-50 Dense 8-15 Stiff
Over 50 Very dense 15-30 Very stiff
Over 30 Hard
WELL AND OTHER SYMBOLS
b ol
Bent. Cement Grout P Surface Cement
>
Bentonite Grout - Asphalt or Cap
Bentonite Chips DX Slough
Silica Sand NG Bedrock
PVC Screen B Fu
Vibrating Wire
Joint Water Commission

Femn Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

SOIL CLASSIFICATION
AND LOG KEY

24-1-3459-001

SHANNON & WILSON, INC. FIG.
Geotechnical and Environmental Constltants Sheet 1 of 2




BORING CLASS2 1873 SW LOGS.GPJ SWNEW . GDT 12/5/07

SYMBOL TYPICAL DESCRIPTION
3
- - | |
o B MRS s et araveliand
Clean Gravel .ﬁ —
(less than 5% fines) i chJ: Poorl ded | ) d
Gravel ar I oorly graded gravel, gravel-san
(more than 50% o )O OQ mixtures, little or no fines
e Nora g
e a’”i,-eﬁg) o GM " . Silty gravel, gravel-sand-silt mixtures
Gravel with Fines
(more than 12%
COARSE- fines) GC Cl%fey gravel, gravel-sand-clay
GRAINED SOIL mixtures
{more than 50% ’
retained on No. 200 SW Wellgraded sand, gravelly sand, litle
sieve) Clean Sand ornofines
(less han 5% fines) Poorl ded sand, gravelly sand, littie]
oorly graded sand, grave i
Sand spP or no¥ir‘?es 9 Y
(50% or more of
coarse fraction
PaSSGSSielfVFg)NO- 4 Sand with SM Silty sand, sand-sitt mixtures
Fines
(more than 12%
fines) sC Clayey sand, sand-clay mixtures
Inorganic silt of low to medium
ML plas ICItY' rock flour, sandy silt, gravelly
Silt, or clayey silt with slight plasticity
! Inorganic
Silt and Clay V inorganic clay of low to medium .
(liquiid fimit fess thar CL plasticity, gravelly clay, sandy clay, sitty
50) / clay
- : [— —1 Organic silt and organic silty clay of low
FINE é;‘-CI)RIfINED Organic oL ] Dlar%ticity 9 ty clay
(50% or more TR
passes the No. 200 Inorganic sitt, micaceous or .
sieve) MH diatomaceous fine sand or silty soils,
elastic silt
Inorganic
Silt and Clay . ) ]
high
(liquid fimit 50 or CH / 'pr?g; i?:ﬂ'yc clay or medium o hig
more) A
/
; Organic clay of medium to high
Organic OH // plnaticity. ofganic sit 9
. - - - A A_N_A_2 . ., “
HIGHLY- Primarily organic matter, dark in pT AR Peat, humus, swamp soils with hlgh
ORGANIC SOIL color, and organic edor [-AA2A4 organic content (see ASTM D 4427)
VNN,
NOTE: No. 4 size =5 mm; No. 200 size = 0.075 mm
Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
NOTES
——— Forest Grove, Oregon
1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, slightly
silty fine SAND) are used for soils with between 5% and 10% fines or
when the liquid fimit and plasticity index values plot in the CL-ML area SOIL CLASSIFICATION
of the plasticity chart. AND LOG KEY
2. Borderline symbols (symbols separated by a slash, i.e., CL/ML, silty 24-1-3459-001
CLAY/clayey SILT; GW/SW, sandy GRAVEL/gravelly SAND)
indi he soil fall int i i .
indicate that the soil may fall info one of two possible basic groups SHANNON & WILSON, INC. FIG
Geotechnical and Environmental Consuttants Sheet 2 of 2




Rav:

Typ: DRH

MASTER LOG E 1373 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

Total Depth: 84 1. Northing: ~ 161 Drilling Method: N/A Hole Diam.: N/A in.
Top Elevation:  ~177.5#. Easting: ~1181#. Drilling Company: Soil Sampling Rod Type: N/A
Vert. Datum: NA Station: ~ Drill Rig Equipment: _N/A Hammer Type: N/A
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION £ | 5| & T . & | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsuiface c |2 o 58 a4 Hammer Wt. & Drop: _140 Ibs / 30 inches
materials and driling methods. The stratification lines indicated below | & E E °on 7
represent the approximate boundaries between soll types, and the 8 n| & [0) = 8
transition may be gradual. 0 20 40 o) |
Very stiff light brown sandy SILT; fine sand. (ML)
. 5
Grades to gray; dry fo moist. L i"
I 2 [
Grades to stiff, moist.
. 10
Grades to scattered organics; wet. i
%
Grades to soft to medium stiff. -} i
F—— e — e 15.0 15 »
Loose dark gray silty SAND; fine sand; scattered n m
organics; wet. (SM) w
Y
. 20
Grades to very loose; scattered large organic LK »
debris. 2 1
Grades to medium dense. X
25 3
‘ )
No organics encountered.
T
30 7
!
Grades to loose. 1 *
35
[
40
Grades to very loose to loose. ‘
¥ 45
g
. _ 475 B s
Stiff dark gray sandy SILT; fine sand; moist. (ML) Ak £ W
CONTINUED NEXT SHEET a L8] i
0 20 40 60
| LEGEND
*  Sample Not Recovered ¥ Ground Water Level
T standard Penetration Test
] Plastic Limit |—@&— Liquid Limit
Natural Water Content
Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon
NOTES LOG OF BORING B-1
1. Refer fo KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater leve!, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual dassification and selected lab testing. 24-1-3459-001
4. The hole location was measured using a cloth tape from existing site features and should be SHANNON & WILSON., INC FIG A2
I considered approximate. Geolechnical and Ervionmental Consuiarts. Sheel 1 of 2




Typ: DRH

Rev;

LEGEND

*  Sample Not Recovered

T standard Penetration Test

NOTES

considered approximate.

MASTER LOG E 1573 SW LOGS.GPs SHAN WIL.GDT 12/5/07 Log:

Y Ground Water Level

1. Refer to KEY for explanation of symbols, codes, abbreviations and defintions.
2. Groundwater level, f indicated above, is for the date specified and may vary.
3. USCS designation is based an visual-manual classification and selected lab testing.

4. The hole location was measured using a doth tape from existing site features and should be

Total Depth: 841t Northing: ~16f Drilling Method: N/A Hole Diam.: N/A in.
Top Elevation: _ ~ 177.5f1. Easting: ~ 1181 Drilling Company: Soil Sampling Rod Type: NA
Vert. Datum: N/A Station: ~ Drill Rig Equipment: _N/A Hammer Type: NA
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION €15 8 ©w ., & | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurface = -g =9 58 £ | A Hammer Wt. & Drop: _140ibs /30 inches
matenals and driling methods. The strafification lines indicated belfow Q. s, £ o o [=%
represent the approximate boundaries between soil types, and the 8 ) (‘B o = 8
transition may be gradual. Q 20 40 60
1H- 1
ot i
e T T e T T == ———1525 [
Stiff dark gray SILT; low to medium plasticity; ;15]:
wet. (ML) 55 !
AN
N
grades to very stiff. mI )
T
60 7
T T T T T T T T T ———— —— 1625
Stiff dark gray sandy siity CLAY; medium to high 7/;?171 -
plasticity; fine sand; moist to wet. (CL) / 65
e e e e 67.5 b )
Very stiff dark gray silty CLAY. (CH) 7}-‘18]:
% 70 &1t
Very stiff dark gray silty CLAY with gravel; high %}wI k =L
plasticity; fine subrounded gravel; maist. (CH) % 75 /
. . 775 j )
Very stiff dark gray sandy SILT; fine to medium 588 '»—20:[ y im
sand; moist. (ML) 80.0 80 9 1
Hard dark gray silty clayey GRAVEL,; fine SR
subrounded to subangular gravel; moist. (GM) 1]
;—211
84.0
85
90
95
0 20 40 60

Plastic Limit |—@— Liquid Limit

Natural Water Content

Joint Water Commission
Fem Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

LOG OF BORING B-1

24-1-3459-001

FIG. A2

Sheet 2 of 2

SHANNON & WILSON, INC.
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Tyo: DRH

Rewv:

MASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

Total Depth: 84f. Northing: ~34ft Drilling Method: NA Hole Diam.: N/A in.
Top Elevation: _ ~ 176.7 f. Easting: ~ 1191 Drilling Company: Soil Sampling Rod Type: N/A
Vert. Datum: NA Station: ~ Drill Rig Equipment: _ MA Hammer Type: NA
Horiz. Daturm: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION £ 151 8 © ., £ | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurface ‘5: Qi o 5@ £ | & Hammer Wt & Drop: __140 Ibs / 30 inches
materials and driling methods. The stratification fines indicated befow =% g E e8 =n
represent the approximate boundaries between soil types, and the 8 1) U‘g o = 8
transition may be gradual. Q 20 40 &0
Sitiff light brown mottled SILT with sand. (ML)
T .
T
5 o
Grades to sandy SILT. (ML) szI ?
Medium stiff to stiff gray sandy SILT. (ML) saI F
————————————————————————— 10.0 ¥ 10
Very soft to soft gray sandy clayey SILT. (MH) 54I ‘
=]
e ] 15.0 (A8, 15 ’( ;
Medium stiff gray sandy SILT. (ML) 1 ssI 4] ’*
Grades to scattered organics. (ML) T s7I ——J
el 7
Fl 20
41 saﬂ % 4
Grades to soft to medium stiff. (ML) “:,_.' S—QI
Seey 25
2} >-10I » i‘
§33 30
._: 711]: j
{11 :
35
grades to no organics encountered iy ‘mﬂ
T 40
Grades to stiff; fine sand: wet. 1 HSI *
11- q
. 45
Grades to moist to wet. U F }141 ?
CONTNUED NEXT SHEET a8k 9 i
0 20 40 60
LEGEND o
*+  Sample Nat Recovered O O/o Fines (<0.075mm)
I Standard Penetration Test ® % Water Content
T[ 3 OD. Shelby Tube Plastic Limit |—@——] Liquid Limit
Natural Water Content
Joint Water Commission
Fern Hili Road WTP Seismic Evaluation
Forest Grove, Oregon
_ HOTES LOG OF BORING B-2
1. Refer to KEY for explanation of symbols, codes, abbreviations and definttions.
2. Groundwater level, if indicated above, Is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing. 24-1-3459-001
4. The hole location was measured using a cloth tape from existing site features and should be
e e ocaton was m SHANNON & WILSON, INC. I;I‘St&g




Total Depth: 84 fi. Northing: ~ 341 Drifling Method: NA Hole Diam.: N/A in.
Top Elevation: _ ~176.7f, Easting: ~ 1191 Drilling Company: Soil Sampling Rod Type: A
Vert. Daturm: NA Station: ~ Drill Rig Equipment. _N/A Hammer Type: N/A
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION 15! 4 - . & | PENETRATION RESISTANCE (blowstfoot)
Refer to the report text for a proper understanding of the subsurface c |2 T S i < | A& Hammer Wt. & Drop: __140 Ibs / 30 inches
materials and driing methods. The stratification lines indicated befow | 6 g £ o8 A -
represent the approximate boundaries between sofl types, and the 8 () tcl)u [0 3 8
transttion may be gradual, q 20 40 60
Grades to sandy silt with scattered organics. 3Ky .;151 L
LY 0
s 55 A
Stiff dark gray SILT; medium plasticity; moist. 5—16:[ B 3
(ML) 60 }’
517
1 }
65
Grades to very stiff. >-1aI *
70
T e T T T T e ——— 1725 .
Very stiff dark gray CLAY; very high plasticity; 7/’ 5-19:[ 2
moist. (CH) % 75 :
/
- - - 775 .
Very stiff dark gray with olive mottied sandy SILT; ;zoI -
fine sand; moist. (ML) 80 9 Ank
»n -4
825 1
Hard dark blue gray gravelly clayey SILT; fine to 84.0 5-21I ‘
coarse, subangular to subround gravel; moist. ) 85
(ML)
&
9 90
&
2 95
o
.
5
5 0 20 40 60
g LEGEND o %Fi
,‘: *  Sample Not Recovered ’ s Fines (<0.075mm)
2 T Standard Penetration Test @ % Water Content
g TT 3 0D. Sheloy Tube Piastic Limit —@— Liquid Limit
= Natural Water Content
prd
=Y
& Joint Water Commission
g Fern Hill Road WTP Seismic Evaluation
2 Forest Grove, Oregon
9
5
& NOTES LOG OF BORING B-2
L 1. Refer to KEY for explanation of symbals, codes, abbreviations and definitions.
[0} 2. Groundwater level, f indicated above, is for the date specified and may vary.
S 3 Uscs designation . o ' 24-1-3459-001
- 3 esignation is based on visual-manual dassification and selected lab testing.
ﬁ 4. The hole location was measured using a cloth tape from existing site features and should be SHANNON & WILSON. INC FlG A3
@ considered approximate. Gectectviical and Envirorvmersal Coreutints Sheet-2 of 2
=




Total Depth: 1181, Northing: ~ 161 Drilling Method: NA Hole Diam.: N/A In.
Top Elevation: __ ~182.3# Easting: ~ 1334 Drilling Company: Soil Sampling Rod Type: N/A
Vert. Datum: NA Station: ~ Drill Rig Equipment: _N/A Hammer Type: NA
Horiz. Datum: NA Offset: - Other Comments: Drilled in 1973
SOIL DESCRIPTION £ 135 8 v . &€ | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurtace £ |L] 2 52 £ | A Hammer Wt. & Drop: Ibs / inches
materials and driling methods. The stratification lines indicated below | 6L ; £ oL B 140 tbs / 30 inch
represent the approximate boundaries between soil types, and the 8 1) % o =S 8 s inches
transition may be gradual. Q 20 40 60
Medium dense light brown silty SAND; fine sand;
dry. (SM) 7
s
|1
Grades to very loose. > 4t n
b
e 7.5
Soft to medium stiff gray sandy SILT. (ML) : H"‘
- 100 § 10 lé
Very loose to foose dark gray silty SAND; fine "f‘
sand; wet. (SM) _& %
¥
15
Grades to very loose. * H
Grades to very loose to loose.
20 * q
25
A
30
\
®
Grades to loose.
i
35
[ )
T
5 40
&
>
; . .
x £
- — — 475 FHH 5
| Sttt dark gray SILT: moist to wet. (ML) ¥ h
g CONTNUED NDXT SHEET a i1
5 0 20 40 60}
B LEGEND O % Fi
S|+ sample NotRecovered ¥ Ground Water Level M 4" V\‘Imtes ((;0'015"”;‘)
ol T Standa Penelration Test o Vvater Lonten
° . Plastic Limit |—@— Liquid Limit
g I 3" OD. Shelby Tube Natural Water Gontent
: [T RoskCors atural Water Conten
& Joint Water Commission
5& Fern Hill Road WTP Seismic Evaluation
2 Forest Grove, Oregon
S
2
5 hOTES LOG OF BORING B-3
:, 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
o) 2. Groundwater level, if indicated atove, is for the date specified and may vary. 01
g 3. USCS designation is based on visual-manual classification and selected fab testing. 24-1-3455-0
o
u-l 4. The hole location was measured using a cloth tape from existing sfte features and should be
Bl et mion o SHANNON & WILSON, INC. gl\gﬁﬁg
b=




Typ: ORH

Rew:

ASTER LOG E 1973 SW LOGS.GPJ SHAN WL GDT 12/5/07 Log:

Total Depth: 118 1. Northing: ~16R. Drilling Method: NA Hole Diam.: N/Ain.

Top Elevation. ~182.3# Easting: ~ 1331 Drilling Company: Soil Sampling Rod Type: NA
Vert. Datum: NA Station: -~ Drill Rig Equipment: _ N/A Hammer Type: NA
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION |5 & o . & | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurface c | 2 =3 % 2 = | & Hammer Wt. & Drop: lbs / inches
malerials and driling methods. The stratification lines indicated below | &L g E 28 B 140 bs/ 30 inches
represent the approximate boundaries between soil fypes, and the 8 [} % (U] = 8 S fncnes
transttion may be gradual. Q 20 40 60
e e — e — = = — | 525 ) i
Very stiff dark gray silty CLAY with sand; high }15:]:
plasticity; fine sand; moist to wet. (CL) % - 0
éa—‘lﬁ:ﬂ: ‘
_ -
Very stiff dark gray SILT; medium plasticity; maist 625 3 171 -—ﬂ
to wet. (ML) 65
18 ]
1 .
70
Very stiff dark gray sitty CLAY with sand; medium
to high plasticity; fine sand; moist to wet. (CL) 75 H
Grades to dark gray mottled; moist. ﬂ H
80
e — e — —— e — ———————— 1835 [ an
Medium dense gray siity SAND; fine to medium 441 |
sand. (SM) 8 Eimws
Very dense dark gray silty sandy GRAVEL; fine TR
to coarse sand; fine to coarse, subangular to a0
subround gravel. (GM)
Very dense dark gray silty SAND; fine to medium 8
sand; moist to wet. (SM) 95
H G Y W"'"?
CONTINJED NEXT SHEET RYER H
0 20 40 60
LEGEND % Fi
*  Sample Not Recovered Y Ground Water Level < 00 nes (<0.075mm)
T Standard Penetration Test @ % Water Conttlant- o
T 3 0D, Sheby Tuoe Plastic Limit |—@— Liquid Limit
[ RocCore Natural Water Content
Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grave, Qregon
NOTES LOG OF BORING B-3

1. Refer to KEY for explanation of symbaols, codes, abbreviations and definitions.
2. Groundwater level, if indicated abave, is for the date specified and may vary.

3. USCS designation is based on visual-manual dassification and selected lab testing. 24-1-3459-001
4. The hole location was measured using a cloth tape from existing site features and should be SHANNON & WILSON. INC FlG A4
considered approximate. Geolachrical and Environmental Consultznts. Sheet 2 of 3




Total Depth: 118#. Northing: ~16ft Drilling Method: NA Hole Diam.: N/A in.
Top Elevation: _ ~1823# Easting: ~1331% Drilling Company:; Soil Sampling Rod Type: NA
Vert. Datum: NA Station: ~ Dnll Rig Equipment. _ N/A Hammer Type: NA
Horiz. Datum: NA Offset: ind Other Comments: Drilled in 1973
SOIL DESCRIPTION £ | 5] 2 o . € | PENETRATION RESISTANCE (blows/oot)
Refer to the report text for a proper understanding of the subsurface c {2 a Se cla Hammer Wt. & Drop: bs / inches
materials and driling methods. The stratification fines indicated betow | & | €| E 28 © 790 a7 30 inch
represent the approximale boundaries between soil types, and the 8 1) g 0] = 8 S inches
transition may be gradual. Q 20 an a0
- . 102.5 g
SANDSTONE, fine to medium grained, e | » AR
fossiliferous; slight horizontal bedding. £ 105
& np |
110
115
118,083
120
125
130
135
&
o 140
&
3 145
i3
.?;
5 0 20 40 60
@ LEGEND o o
: *  Sample Not Recovered Y  Ground Water Level < OA) Fines (<0.075mm)
gl T standard Penetration Test ® % Water Content
2| I 30D snebyme Plastic Llilmit 'Wv.t_cl Liqltjid Limit
- I RockCore atural Water Conten
& Joint Water Commission
P Fern Hill Road WTP Seismic Evaluation
4 Forest Grove, Oregon
9
S
5 NOTES LOG OF BORING B-3
; 1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
© 2. Groundwater level, if indicated above, is for the date spedified and may vary.
9 3uscs designation is based on visual-manual dassification and selected lab testing. 24-1-3459-001
1
[ 4. The hole location was measured using a cloth tape from existing site features and should be
R SHANNON 8 WILSON, INC. | FIG, A




T Standard Penetration Test
T 3" 0.D. Shelby Tube

NOTES
1. Refer to KEY for explanation of symbaols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visualkmanual classification and selected {ab testing.

4. The hole location was measured using a cloth tape from existing site features and should be
considered approximate.

MASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GOT 12/5/07 Log:

@ % Water Content

Plastic Limit }—@—1 Liquid Limit
Natural Water Content

Total Depth: 791 Northing: ~33# Drilling Method: NA Hole Diam.: N/AIn.
Top Elevation: _ ~181.7 ft Easting: ~ 1341 Drilling Company: Soil Sampling Rod Type: NA
Vert. Datum: NA Station: ~ Drill Rig Equipment: _N/A Hammer Type: N/A
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION £ |51 & w . € | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurface =4 o =3 § L < | A Hammer Wt. & Drop: __1401bs /30 inches
materials and driling methods. The stratification fines indicated below | L ; E or @ -
represent the approximate boundaries between soil types, and the 8 73] c':,)“ o 3 8
transttion may be gradual. 0 20 40 )
Medium dense light brown silty SAND; fine sand;
scattered organics; dry. (SM) &
By ’4
————————————————————————— 5.0 5 =
Medium stiff light brown sandy SILT; fine sand; ......f q
dry. (ML) T h
) , 4] 10 +
_Stiff dark gray sandy SILT; fine sand; moist. (ML),~1 105 3. M
______________________ n
Loose dark gray SAND with silt; fine sand; wet.
(SM) 15 9 ‘.
Grades to very loose. [ A
————————————————————————— 20.0 ¥ 20
Soft dark gray sandy SILT; fine sand; moist to 00 F _H\
L wet ML) _ 4225 HE. M [
Medium dense sitty SAND; fine sand; wet. (SM) |
25
Grades to loose. l‘
q
30
Grades to medium dense; moist to wet.
35
- Grades to very loose; wet. % »
§ £ 40
E
a
¥ 45
o
- e e e o e — 475 F
Stiff dark gray sandy SILT; fine sand; wet. (ML) Ay
CONTINUED NEXT SHEET ] i | i
0 20 40 60
LEGEND % Fi
+  Sample Not Recovered Y Ground Water Level O % Fines (<0.075mm)

Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

LOG OF BORING B4

24-1-3459-001

FIG. A5

SHANNON & WILSON, INC.
s Sheet 1of2

Geotechnical and Environmental Consutant




Typ: DRH

Rev:

ASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

Total Depth: 791t Northing: ~33f Drilling Method: N/A Hole Diam.: N/Ain.

Top Elevation: _ ~ 181.7 . Easting: ~134 1. Drilling Company: Soil Sampling Rod Type: N/A
Vert. Datum: N/A Station: - Drill Rig Equipment: _N/A Hammer Type: N/A
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION €151 8 = . & | PENETRATION RESISTANCE (blowsffoot)
Refer to the report fext for a proper understanding of the subsurce. | = | 91 & | 52 £ | & Hammer Wt. & Drop: _140bs /30 inches
matenals and drlling methods. The sirafification lines indicated below [=% §~. E o0 [+%
represent the approximate boundaries between soil types, and the 8 1) $ Q) 2 8
transition may be gradual. Q 20 40 60
| "
Grades to moist to wet. p-‘lSI *
D
55
RRRRAL )
Grades to sandy SILT with clay; moist. (ML) :—16:[ }
60
LT * SiaRiaE
65
N e A T T A TR T A T 67.5 i
Very stiff dark gray silty CLAY; moist. (CL) :—18:]:
J i
70

N
———————————————————— =———77
Hard dark gray sandy SILT; fine sand; moist. 79 2 L 'b-ZUI P
[\(ML) Yakhs & 14
85
90
95
LEGEND 0 20 40 60
*  Sample Not Reoovered Y Ground Waler Level o :A: Fines (<0.075mm)
1. Standard Penetration Test @ % Water Content
T[ 3 OD. Sheby Tube Plastic Limit —@—1 Liquid Limit
Natural Water Content
Joint Water Commission
1 Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon
NOTES LOG OF BORING B4

1. Refer to KEY for explanation of symbols, codes, abbreviations and defintions.
2. Groundwater leve!, if indicated abave, is for the date specified and may vary.

3. USCS designation is based on visual-manual classification and selected lab testing. 24-1-3459-001
4. The hole location was measured using a cloth tape from existing site features and should be SHANNON & WILSON. INC. FIG As
considered approximate. Geotectrical and Ernvronmerial Consutants Sheetlz of 2




Total Depth: 60 fi Northing: ~581# Drilling Method: NA Hole Diam.: N/A in.

Top Elevation: ___~178#. Easting: ~ 1341 Drilling Company: Soil Sampling Rod Type: N/A
Vert. Datum: NA Station: = Drilt Rig Equipment: _N/A Hammer Type: N/A
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION £ 135l % o . £ | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurface c |l Ll B 5a £ | A Hammer Wt. & Drop; _ 140 ibs/ 30 inches
materials and driling methods. The strafification fines indicated below a g E o g o
represent the approximate boundaries between soil types, and the 8 ) £ 0] 8
transiion may be gradual. Q 20 40 60

Medium dense light brown mottied brown sity

SAND; fine sand; dry. (SM)

Grades to dark gray stratified with 1" to 2" layers

of silt

10 -

Very loose to loose dark gray SAND with silt;

fine sand; wet. (SM}

15 .1

Grades to sitty SAND. (SM)

Grades to loose; scattered organic material

Typ: DRH

Rev:

MASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5107 Log:

D
20
Grades to no organics encountered. L hd
25
[ ]
g
30 |
Medium stiff to stiff dark gray sandy SILT; 923 A3k »
non-plastic; fine sand; scattered organics. (ML) 35
9—12j|:|: ii.
B 40
Grades to very stiff, moist. ::- :-;,131 i‘"‘ﬂ
Rk 45
. . : 475 1) !
Very stiff dark gray sandy silty CLAY; medium to L 4ﬂ
high plasticity; fine sanumeaSEr % ]
LEGEND 0 20 40 60

*  Sample Not Recovered
T Standard Penetration Test

" Piastic Limit |——@— Liguid Limit
3" OD. Shelby Tube
© by T Natural Water Content

Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

NOIES LOG OF BORING B-56
1. Refer to KEY for explanation of symbols, cades, abbreviations and definitions.
2. Groundwater level, f indicated above, is for the date specified and may vary. 24-1-3459-001
3. USCS designation is based on visuakmanual classification and selected lab testing. —
4. The hole location was measured using a cloth tape from existing site features and should be SHANNON & WILSON, INC. F |G A6
| considered approximate. Geolechnical and Emvironmental Consuitants Sheet 1 of 2




Total Depth: 60 ft. Northing: ~ 581 Drilling Method: NA Hole Diam.: NA in.

Typ: DRH

Rev:

MASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

Top Elevation: ~ 1781 Easting: ~ 1341t Driling Company: Soil Sampling Rod Type: NA
Vert. Datum: NA Station: ~ Drill Rig Equipment: _N/A Hammer Type: NA
Horiz. Daturm: N/A Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION sl 8 © . & | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurface c | L] a S 2 £ | & Hammer Wt. & Drop: 140 Ibs / 30 inches
materals and driling methods. The stratification lines indicated below | 6L E ] o8 5 -
represent the approximate boundaries between soif types, and the 8 ) L‘g G} = 8
transition may be gradual. a 20 40 )
7
A
/ 55
575 %
Dark gray SILT; low plasticity. (ML) HGH
60.0 60
65
70
75
80
85
90
95
0 20 40 60
LEGEND

*  Sample Not Recovered
T standard Penetration Test _
T[ 3" OD. Shelby Tube Plastic Limit —@— Liquid Limit
Natural Water Content

Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

‘ BOTES LOG OF BORING B-5
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary. 1
3. USCS designation is brased on visuakmanual dassification and selected lab testing. 24-1-3459-00
4. The hole location was measured using a cloth tape from existing site features and should be SHANNON & WILSON. INC. FlG A6
I considered approximate. Geolectical and Envionmental Consubnts Sheet 2 of 2




*  Sample Not Recovered
T Standard Penetration Test
TT 3" 0D. Shelby Tube

NOTES

ASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

considered approximate.

Y  Ground Water Level

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwaler level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected lab testing.

4. The hole location was measured using a dloth tape from existing site features and should be

Piastic Limit —@— Liquid Limit
Natural Water Content

Total Depth: 77R Northing: ~ 121 Drilling Method: N/A Hole Diam.: N/A in.
Top Elevation: _ ~192.1 R Easting: ~ 1591t Drilling Company: Soil Sampling Rod Type: NA
Vert. Datum:; NA Station: ~ Drill Rig Equipment. _N/A Hammer Type: NA
Horiz. Datum: NA Offset: -~ Other Comments: Drilled in 1973
SOIL DESCRIPTION |31 8 - . & | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurface c | 8] o 50 .5' A Hammer Wt. & Drop: _ 140 Ibs / 30 inches
materials and diiling methods. The stratification fines indicated below | & | E | € p& =B
represent the approximate boundaries between soil types, and the gla] & G = 3
transition may be gradual. qQ 20 40 60
Very dense light brown sandy SILT; fine sand;
scattered organics; dry. (ML)
311 m‘l
1
. 5
Grades to stiff szI ( hd
’ . . . ¥
Grades to medium stiff; no organics encountered; seI
moist. 10 a\ ®
Grades to stiff. SJ‘I v
Grades to wet. s{[ § *
o
) . £ 15
Grades to soft to medium stiff. ssI s 1A <
5-7H
. . 20
Grades to medium stiff. saI __# b
- 225 HE
Very loose brown silty SAND; fine sand; wet. RN s-SI il ®
(SM) +] 25 4
“910]:[
30
Grades to loose ;11]:
5
35
- T :-12]: N
Il 3] [}
q - 40
&
Grades to dark gray 513
‘, 1 ,
S 45
14
e e e | 47.5 R
Stiff to very stiff dark gray sandy SILT; fine sand; MRk 14I N ?
moist. (ML) CONTINUED NEXT SHEET 3 Pi 1
0 20 40 60
LEGEND

Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

LOG OF BORING B-6

24-1-3459-001

FIG. A7

SHANNON & WILSON, INC.
Geotechnical and Emironmental Corsutnts Sheet 1 0f 2




Total Depth: 77 fi. Northing: ~121 Drilling Method: NA Hole Diam.: NA in.
Top Blevation: _ ~192.1 f. Easting: ~159# Drilling Company: Soil Sampling Rod Type: NA
Vert. Datum: N/A Station: ~ Drill Rig Equipment: _ANA Hammer Type: NA
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION gisl 8 - . & | PENETRATION RESISTANCE (blowsffoot)
Refer Lo the report lext for a proper understanding of e subsuace | < | 8| & SL £ | A Hammer Wt & Drop: _740 Ibs/30 inches
materials and driling methods. The stratification lines indicated below al E| £ om a
represent the approximate boundaries between soil types, and the 8 ) 3 0] < 8
transition may be gradual. Q 20 40 &0l
Grades to hard. LIFF l715:[
B3 55 ]
AL
Grades to very stiff. T :-mI -
XY q
‘1 ‘q - 60
<113 %
Grades to SILT; low plasticity; moist. (ML) shizdll ss&
1] 65 A
————————— e = — ——— = 67.5 b
Hard dark gray silty CLAY; moist. (CL) //‘5—181
% 70
%I i
% 75 :
”""_—'_._"___________.'."""—.____—7< "'.‘ =mm
Very stiff dark gray SILT; low plasticity; moist. 7; g %m:[
\ML) /1 80 k
85
x
S 90
&
H 95
o
i
-
5 0 20 40 60
b LEGEND
N *  Sample Not Recovered ¥ Ground Water Level
2] I standad Penetration Test o o
A T 30D Sheby Tube Plastic Limit —®— Liquid Limit
E Natural Water Content
=
=]
& Joint Water Commission
o Fern Hill Road WTP Seismic Evaluation
@ Forest Grove, Oregon
9
5
o
2 | NOTES LOG OF BORING B-6
o 1. Refer to KEY for explanation of symbols, codes, abbreviations and definfions.
10} 2. Groundwater tevel, if indicated above, is for the date specified and may vary.
) 3. USCS designation is based on visual-manual classification and selected Jab testing. 24-1-3459-001
o
w 4. The hole location was measured using a cloth tape from existing site features and should be
Bl Coeismms sppronin, SHANNON & WILSON, INC. l;!gtzﬁz
=




Tyo: DRH

Rev:

*  Sample Not Recovered
T standard Penetration Test
T 3" 0OD. Shelby Tube

NOTES

considered approximate,

MASTER LOG E 1373 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

Y Ground Water Level

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, f indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual dlassification and selected lab testing.

4. The hole location was measured using a cloth fape from existing site features and should be

Total Depth: 59 1. Northing: ~33# Drilling Method: NA Hole Diam.: N/A in.
Top Elevation: _ ~ 181.7 Easting: ~ 156 ft. Driling Company: Soil Sampling Rod Type: N/A
Vert. Datum: NA Station: ~ Drill Rig Equipment. _N/A Hammer Type: NA
Horiz. Datum: N/A Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION £ |5 2 ©w . € | PENETRATION RESISTANCE  (blowsffoot)
Refer to the report text for a proper understanding of the subsurface c | 2] a 5¢g g A Hammer Wt. & Drop: 140 tbs / 30 inches
matenials and driling methods. The stratification lines indicated below a E £ o8 & -
represent the approximate boundaries between sofl types, and the 8 10} (‘B 0] = 8
transftion may be gradual. Q 20 410 60
Very stiff brown sandy SILT; fine sand; dry. (ML) N
:
. X 5
Grades to medium stiff. _Q{ ﬁ
o
Grades to stiff. wh
VA
Grades to medium stiff; moist. Y g 10 g Hl
A =z a
———————— e — e — —— — —— — 125 |95 © h
Loose brown silty SAND; fine sand; moist. (SM) 3 £
s 15
Grades to very loose to loose; wet. ] f hd
Grades to very loose. "& i[
3]
2 i
3
.
25
30 -%
Soft to medium stiff brown sandy SILT; fine sand; 325 [ ]+ )
wet. (ML) a5
by
[ “Miedium dense dark gray sity SAND; five sand: | 7® [LTbw | .
wet. (SM) 40 !
- e 425
Stiff dark gray sandy SILT; fine sand; moist. (ML) NIRE 3]:
45 ]
P |
i
Grades to wet. ,,.14:[ ?
CONTINUED NDT SHEET 1 1 i
0 20 40 60]
LEGEND

Plastic Limit —@— Liquid Limit
Natural Water Content

Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

LOG OF BORING B-7

24-1-3459-001

SHANNON & WILSON, INC.
Geotechrical and Envimnmentl Consutants

FIG. A8

Sheet 10f 2




Total Depth: 59f Northing: ~33% Drilling Method: NA Hole Diam.: NA in.

Typ: DRH

Rev:

MASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

Top Elevation: _ ~191.7 ft. Easting: ~ 156 & Drilling Company: Soif Sampling Rod Type: N/A
Vert. Datum: N/A Station: ~ Drill Rig Equipment: _N/A Hammer Type: NA
Horiz. Datum: NA Offset; ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION £ |51 & © . & | PENETRATION RESISTANCE (blowsifoot)
Refer to the report fext for a proper understanding of the subsurface c | L] a S8 < |a HammerWt & Drop: __140 ibs / 30 inches
materials and driling methods. The stratification lines indicated below | Q. ; £ o8& @ T T
represent the approximate boundaries between soil types, and the 8 1) $ 0] = 8
transition may be gradual, Q 20 40 &0
A58 K
Grades fo very stiff. s | L)
4] 55 H
JSIe )
59.0 I 13
60
65
70
75
80
85
90
95
0 20 40 60
LEGEND
*  Sample Not Recovered ¥ Ground Water Level
T Standard Penetrations Test
T 3 OD. Sheby Tube Plastic Limit |—@— Liquid Limit
Natural Water Content
Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon
BOTES LOG OF BORING B-7

1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.

3. USCS designation is based on visual-manual classification and selected lab testing. 24-1-3459-001
4. The hole location was measured using a cloth tape from existing site features and should be SHANNON & WILSON, INC FIG A8
considered approximate. Gedlachrical and Enviormenial Consulonts Sheet 2 of 2




Typ: DRH

Rev:

MASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

m——

*  Sample Not Recovered
T Standard Penetration Test
1L 3" C.D. Shelby Tube

NOTES
1. Refer to KEY for explanation of symbals, codes, abbreviations and definitions.
2. Groundwater ievel, if indicated above, is for the date specified and may vary.

3. USCS designation is based on visual-manual classification and selected fab testing.

4. The hole location was measured using a cloth tape from existing site features and should be
considered approximate.

Plastic Limit }-—@— Liquid Limit
Natural Water Content

Total Depth: 103 f1. Northing: ~15ft Drilling Method: NA Hole Diam.: N/A in.
Top Elevation: __~187.4 11, Easting: ~ 1881t Drilling Company: Soil Sampling Rod Type: NA
Vert. Datum: N/A Station: ~ Drill Rig Equipment: _IN/A Hammer Type: NA
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION Z 15! 8 . . & | PENETRATION RESISTANCE (blowsffoot)
Refer to the report text for a proper understanding of the subsurface c 181 a £E& £ A Hammer Wt & Drop: 140 bs / 30 inches
materials and drilling methods. The stratification lines indicated below o §, E o o
represent the approximate boundaries between soil types, and the 8 177 % o = 8
transition may be gradual. Q 20 40 80
Very stiff brown sandy SILT; fine sand; dry. (ML) T
T n
Grades to stiff. ATis2 [ q u
Grades to medium stiff. ":,; ssI 7 H
T 10 o
s T il
Grades to wet. - ssI ﬁ
o ] 15
Grades to soft to medium stiff. SRAD ssI u
———————— e e e — 475 | ]
Loose brown silty SAND; fine sand; wet. (SM) »
- 20
Grades to very loose .a* i
A
Grades to loose "'k *
25 ]
Grades to very loose. "'} »
30
Grades to dark gray. »
i
35
40
. ]
Grades to medium dense.
45 7
CONTNUEDNEXT SHEET P il
0 20 40 60
LEGEND

Joint Water Commission
Fern Hiill Road WTP Seismic Evaluation
Forest Grove, Oregon

LOG OF BORING B-8
24-1-3459-001
SHANNON & WILSON, INC. FIG. A9
Gedtechnical and Environmental Consufiants Sheet 1 of 3




Typ: DRH

Rev:

MASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

——

LEGEND

*  Sample Not Recavered
T Standard Penetration Test
I[ 3 OD.Shelby Tube

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and defintions.
2. Groundwater level, If indicated abave, is for the date spedified and may vary.
3. USCS designation is based an visual-manual classification and selected lab testing.

4. The hole iocation was measured using a clath tape from existing site features and should be
considered appraximate.

Total Depth: 1031t Northing: ~ 151 Drilling Method: NA Hole Diam.; N/A in.
Top Elevation: __ ~187.4 1. Easting: ~188 . Drilting Company: Soil Sampling Rod Type: NA
Vert. Datum: NA Station: - Drill Rig Equipment: _N/A Hammer Type: NA
Horiz. Datum: NA Offset: ~ Other Comments: Dirilled in 1973
SOIL DESCRIPTION £ | 5| 8| w. <« |PENETRATION RESISTANCE (blowstfoct)
Refer (o the repart text for a proper understanding of the subsurface c|lal g 5§82 2| A Hammer Wt & Drop: _140ibs /30 inches
materals and driing methods. The stratification lines indicated below | &L ; £ °e8 w
represent the approximate boundaries between soil ypes, and the 8 & G) = 8
transition may be gradual, h 20 40 )
- ______ 55 [4IF
Very stiff dark gray sandy SILT; fine sand; moist. 525 ;—15]: L)
(ML) 55 d
Medium plasticity >1aI E!
.
60
Grades to stiff. m:]:
65 3
- . . — . 67.5 [
Stiff dark gray silty CLAY; high plasticity; moist //ﬂs:]:
(L) / 70 '
%HQI } ‘
/ 75
% :
5-20
% I 80 1N
//
____________ I
Very stiff Sandy SILT with clay; moist. (ML) S >21I v
85
- - 87.5 =
Medium dense dark gray silty SAND; fine to 4L j&zz:[ mmuy
medium; sand; thinly bedded; scattered organics; ) 90 P Bnsal |
moist. (SM) B e 2
o E
Very dense dark gray silty GRAVEL with trace 925 ) E
sand; fine to medium sand; fine gravel; moist. a5
(gm)
97. - “
Very dense dark gray silty SAND; fine to medium ° 141 3 1
sand; thinly beddedpwets Skt s-eer i1
0 20 40 604

Plastic Limit }—-@— Liquid Limit

Natural Water Content

Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

LOG OF BORING B-8
24-1-3459-001
SHANNON & WILSON, INC. FIG. A9
Geotechnical and Emvironmental Consultants Sheet 2 of 3




MASTER LOG E 1973 SW LOGS.GPJ SHAN WIL.GDT 12/5/07 Log:

*  Sample Not Recovered
T Standard Penetration Test
TL 3" OD. shelby Tube

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations and definitions.

2. Groundwater level, if indicated above, is for the date specified and may vary.
3. USCS designation is based on visual-manual classification and selected fab testing.

4. The hole localion was measured using a cloth tape from existing sie features and should be
considered approximate.

Total Depth: 103 ft. Northing: ~15#. Driliing Method: NA Hole Diam.: N/A in.
Top Elevation: __ ~187.4 1t Easting: ~ 1881 Drilling Company: Soil Sampling Rod Type: NA
Vert. Datum: NA Station: ~ Drill Rig Equipment _ A/A Hammer Type: NA
Horiz. Datum: NA Offset: ~ Other Comments: Drilled in 1973
SOIL DESCRIPTION £ 151 8 © . | PENETRATION RESISTANCE (blows/oot)
Refer ta the report text for a proper understanding of the subsurface £ -g o 52 < | & Hammer Wt. & Drop: _140ibs /30 inches
materials and dniling methods. The stratification lines indicated below o | 5 £ o &%
represent the approximate boundaries between soil fypes, and the 8 1) % G = 8
transition may be gradual. 0 20 40 60
103,02 139
105
110
115
120
125
130
135
T
%‘. 140
&
é 145
0 20 40 60
LEGEND

Plastic Limit }—@——{ Liquid Limit
Natural Water Content

Joint Water Commission
Fern Hill Road WTP Seismic Evaluation
Forest Grove, Oregon

LOG OF BORING B-8
24-1-3459-001
SHANNON & WILSON, INC. FIG. A9
Gedlachnical and Erviromental Consultants Sheet 3 of 3




ELEV.

DEPTH

IN FEET

MATERIAL DESCRIPTION

GROUND
WATER
DEPTH

SAMPLES

SURFACE ELEV. (FT.)

NO.J IB.P.TIiN FFET

STANDARD
PENETRATNION TEST
A BLOWS PER FOOT

0 MW 20 30 40

6.0

30

MEDIUM STIFF, mottled gray to brown, clayey
SILT; some orgoanics.

organics, trace clay.

MEDIUM STIFF to ST¥F, gray, siightly fine sondy,
slightly cloyey to clayey SILT; accasional organics.

i
1
B
.
i

13 % 12 5

12

55

16 10

17 65

o
NN S 1\ Y 3 M 3
N

70

LEGEND

2" S.P.T. SAMPLE

SAMPLE NOT
RECOVERED

J"THIN wALL
SAMPLE

PITCHER SAMPLE.

IMPERVIOUS  SEAL

WATER LEVEL

RS W= <

PIEZOMETER TP

UQuIo UM
NATURAL

N WATER ‘
CONTENT
PLASTIC LIMIT

WATER CONTENT
IN PERCENT

NOTES

1. MATERIAL DESCRIPTIONS
AND INTERFACES ARE
INTERPRETIVE AND
ACTUAL CHANGES MAY
BE GRADUAL.

2.WATER LEVEL IS FOR
DATE. SHOWN AND
MAY VARY WITH TIME
OF YEAR.
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GROUND
ELEV.

DERTH
IN FEET
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MATERIAL DESCRIPTION SAMPLES | WATER | PENETRATION TEST

DEFTH | A BLOWS FER FOOT
10_20 30 40

75

19 13

BOf— — — —— —— ] 80

VERY DENSE, dark gray, slightly silty, sandy 0@\ T

84 — ST teae— T

SURFACE ELEV. (FT.) NO.] ISP IN FEET]O
18 20 o

21 Bs0/3T

20

91 22 Taso/z‘

Bottorn of Boring: 91 feel

95

LEGEND

27S.P.T. SAMPLE

SAMPLE NOT
RECOVERED
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" WATER '
CONTENT
PLASTIC UIMIT

WATER CONTENT
IN. PERCENT

NOTES

1. MATERIAL DESCRIPTIONS
AND INTERFACES
INTERPRETIVE AND

N I

2. WATER LEVEL IS FOR
DATE. SHOWN AND
MAY VARY WITH. TIME
OF YEAR.
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ok GROUND STANDARD
F MATERIAL DESCRIPTION SAMPLES | WATER | PENETRATION TEST
ELEV. u DEFTH | A BLOWS PER FOOT
Z! SURFACE ELEV. {F7.) NO.J S.P.T1iN FEETIO 10 20 30 40
VERY SOFT to SOFT, mottled orange-~brown, .
slightly fine sondy SILT; trace clay.
5 ,,,,,,,,,,
1 % 8
1
2 3 0
...becomes gray—brown.
3 6
1
+ B s & S
5 4 F U
6 5
TH 4+
8H 3
B = e — e e
SOFT to STIF, gray, slightly clayey, fine sondy, 9 14

clayey SILT; interbedded with thin layars of LODSE
to MEDIUM DENSE, fine sondy SIT.

10

Y
=]

1 13

Ay

12

N T

13 32

14 % 1
61.5

Bottom of Boring: £1.5 feet

LEGEND

% 2"S.P.T. SAMPLE

%  SAMPLE NOT
RECOVERED

3 THIN WALL
U SAMPLE
P BITCHER SAMPLE

=

IMPERVIOUS SEAL
WATER LEVEL
PIEZOMETER WP

UQUID LIMIT
NATURAL

" WATER
CONTENT
PLASTIC LIMIT

e WATER CONJTENT
IN PERCENT

NOTES

1. MATERIAL DESCRIPTIONS
AND INTERFACES ARE
INTERPRETIVE AND
ACTUAL CHANGES MAY
BE GRADUAL.

2. WATER LEVEL IS FOR
DATE SHOWN AND
MAY VARY WITH TIME
OF YEAR.
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=h GROUND STANDARD
. MATERIAL DESCRIPTION SAMPLES | WATER | PENETRATION TESY LEGEND
ELEV. 15t DEPTH | A BLOWS PER FOOT
SZ! SURFACE ELEV. (FT.) NO.} S.PT i FFEYID 10 20 30 40 % PSP T SAMPLE
VERY SOFT to SOFT, brown, fine sondy SILT;
trace clay. SAMPLE NOT
¥ ReCoVERED
u 5 3 THIN WALL
14 5 mu SAMPLE
P PITCHER SAMPLE
IMPERVIOUS SEAL
2 % 3 'Y WATER LEVEL
PIEZOMETER TIP
UQUID LT
3 4 : NATURAL i
WATER
4 3 \CONTENT
PLASTIC UMIT
WATER CONTENT
5 8 ® N PERCENT
22.5b—— e e e
VERY SOFT to MEDIUM STIFF, gray, slightly cloyey, | 6 3 NOTES
fine sondy SILT.
7 8 1. MATERIAL DESCRIPTIONS
AND INTERFACES ARF
INTERPRETIVE AND
ACTUAL CHANGES MAY
BE GRADUAL.
2. WATER LEVEL IS FOR
8 % 16 DATE SHOWN AND
MAY VARY WATH TIME
OF YEAR.
9 % 16
10 % 5
1w o
46.5F— —— —— —— e ——e
MEDRIM STIFF to’ STIFF, gray, slightly fine sandy,
clayey SILT.
12 n
515 Bottomn of Boring: 51.5 feet
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' GROUND STANDARD
EE MATERIAL DESCRIPTION SAMPLES | WATER | PENETRATION TEST LEGEND
ELEV. 1 DEPTH | A BLOWS PER FOOT
oz SURFACE ELEV. (ﬁ) NG BPTHN FEETIO 10 20 30 40 2°S.P.T. SAMPLE
MEDIUM STIFF, gray, orange, brown mottied, e T
slightly sondy, sfightly cloyey SLT. k  SAMPLE NOT
) RECOVERED
5 3 THIN WALL
1 10 IIlU SAMPLE
P prcHER sampLe
...becomes brown. uPéRwous SEAL
10
2 é u WATER LEVEL
3 3 PIEZOMETER T
4 ViR TO0SE. brown, fine sandy SLT- troce cloy. LIQUID LM
: " * NATURAL
WATER
5 u \OONTENT
PLASTIC LIMIT
-.becames troce clay ot 21 feet. [ 2
e WATER CONTENT
IN PERCENT
T NOTES
8 3
o y 1. MATERIAL DESCRIPTIONS
AND INTERFACES ARE
B 2 NTERPRETIVE AND
ACTUAL CHANGES MAY
8 GRADUAL
2. WATER LEVEL IS FOR
1" u DATE SHOWN AND
MAY VARY WITH TIME
Bt s e —— {12 5 OF YEAR.
LOQSE, gray, fine sandy SILY; trace clay.
40
134l v
14 10
45
50
15 PP S .
>2 [HEDIUM DENSE, groy, fime sandy SLT. trace cioy 116 & 14 S 4
S e tom o Borie 537 Test i -
50
65
70 080302\ BORLOGO!
DNTE ST e abteretons Comnforth 'SUMMARY BORING LOG | sy 1995
DATE START 3/6/95 FINISH 3/6/95 Consultants, inc CC-4 NO-
DRILLING TECHNIQUE Wud Rotary 05 0803-2
10250 S.W. Oresnburg Ad. UQUEFACTION EVALLATION
4§ tricone Portiond, OR #7223 FERN HLL W.Ip. Bxpansion | FIG. 2
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Date: December, 2007
To: Todd Perimon, P.E.
Carollo Engineers

AN SHANNON & WILSON, INC. Attachment to and part of Joint Water Commission
_ Geotechnical and Environmental Consultants Fern Hill Road WTP Seismic Evaluation

Important Infoermation About Your Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may not be adequate for
a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your report expressly for you
and expressly for the purposes you indicated. No one other than you should apply this report for its intended purpose without first
conferring with the consultant. No party should apply this report for any purpose other than that originally contemplated without first
conferring with the consultant.

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

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific factors.
Depending on the project, these may include: the general nature of the structure and property involved; its size and configuration; its
historical use and practice; the location of the structure on the site and its orientation; other improvements such as access roads, parking lots,
and underground utilities; and the additional risk created by scope-of-service limitations imposed by the client. To help avoid costly
problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report may affect the recommendations.
Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of the proposed project is changed (for
example, if an office building will be erected instead of a parking garage, or if a refrigerated warehouse will be built instead of an
unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, or configuration of the proposed project is
altered; (3) when the location or orientation of the proposed project is modified; (4) when there is a change of ownership; or (5) for
application to an adjacent site. Consultants cannot accept responsibility for problems that may occur if they are not consulted after factors,
which were considered in the development of the report, have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a geotechnical/environmental report is
based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose
adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before construction starts; for
example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also affect
subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant should be kept apprised of
any such events, and should be consulted to determine if additional tests are necessary. '

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The data were
extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions. The actual interface
between materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas not sampled may differ from
those predicted in your report. While nothing can be done to prevent such situations, you and your consultant can work together to help
reduce their impacts. Retaining your consultant to observe subsurface construction operations can be particularly beneficial in this respect.

5/2007



A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions
revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual subsurface conditions can be
discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide conclusions. Only
the consultant who prepared the report is fully familiar with the background information needed to determine whether or not the report's
recommendations based on those conclusions are valid and whether or not the contractor is abiding by applicable recommendations. The

consultant who developed your report cannot assume responsibility or liability for the adequacy of the report's recommendations if another
party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a geotechnical/environmental
report. To help avoid these problems, the consultant should be retained to work with other project design professionals to explain relevant

geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of their plans and specifications relative
to these issues.

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

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test results, and
laboratory and/or office evaluation of field samples and data. Only final boring logs and data are customarily included in
geotechnical/environmental reports. These final logs should not, under any circumstances, be redrawn for inclusion in architectural or other
design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete
geotechnical engineering/environmental report prepared or authorized for their use. If access is provided only to the report prepared for
you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for whom the
report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was prepared. Whilea
contractor may gain important knowledge from a report prepared for another party, the contractor should discuss the report with your
consultant and perform the additional or alternative work believed necessary to obtain the data specifically appropriate for construction cost
estimating purposes. Some clients hold the mistaken impression that simply disclaiming responsibility for the accuracy of subsurface
information always insulates them from attendant liability. Providing the best available information to contractors helps prevent costly
construction problems and the adversarial attitudes that aggravate them to a disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants. To help prevent this problem,
consultants have developed a number of clauses for use in their contracts, reports and other documents. These responsibility clauses are not
exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that identify where the
consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual responsibilities and take
appropriatc action. Some of these definitive clauses are likely to appear in your report, and you are encouraged to read them closely. Your
consultant will be pleased to give full and frank answers to your questions.

The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland
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