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APPENDIX A 
 

S&W FIELD EXPLORATIONS 
 
 
A.1 GENERAL 

Shannon & Wilson planned and executed a subsurface exploration program to characterize the 
subsurface conditions at the WPCP project site.  The program consisted of three individual 
exploration Stages.  Stage One efforts focused on developing a general subsurface model across 
the project site.  Stage Two explorations were specifically directed at refining a subsurface 
anomaly that was detected during the Stage One explorations.  Stage Three explorations focused 
on gathering specific subsurface data that is required for the facility design.  The locations of 
S&W’s explorations, in addition to locations of pertinent previous subsurface explorations, are 
illustrated on Figure 2.  The relative locations of S&W explorations were established by the use 
of field methods, including hand taping and laser range finding to known on-site features.  The 
locations of S&W’s explorations should be considered approximate.  Table 2, below, describes 
the drilling method and depth below ground surface for all stages of S&W’s subsurface 
explorations. 

TABLE A1 
Exploration Hole Details 

Boring 
Label Boring Type Nearest Structure to Boring 

Location 

Bottom 

Depth, ft Approximate 
Elevation, ft MSL 

IB-1 Mud Rotary Aeration Basin 31.5 13 
IB-2 Mud Rotary Blower/electrical 31.5 13 
IB-3 Mud Rotary Primary Gallery 31.5 13 
IB-4 Mud Rotary Fine Screening 46.5 -1 
IB-5 Mud Rotary Fine Screening/UV 30.6 14 
IB-6 Mud Rotary Future Digester 51.5 -6 
IB-7 Mud Rotary Future Digester 51.5 -6 
IB-8 Mud Rotary UV Building 26.5 18 
IB-9 Mud Rotary UV Building 34.2 11 
IB-10 Mud Rotary West of Plant 40.2 10 
IB-11 Hollow Stem Auger West of Plant 46.5 -6 
IB-12 Hollow Stem Auger Retention Basin 31.5 16 
IB-13 Hollow Stem Auger Retention Basin 17 29 
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CPT-1 Electric Cone Penetrometer Primary Gallery 27.72 17 
CPT-2 Electric Cone Penetrometer Fine Screening 29.04 16 
CPT-3 Electric Cone Penetrometer Fine Screening 19.69 25 
CPT-4 Electric Cone Penetrometer Primary Gallery 33.14 12 

 
Stage one and stage three subsurface explorations were performed by a drilling subcontractor 
hired by Shannon and Wilson.  The subcontractor was Hardcore Drilling, Inc., of Dundee 
Oregon.   Each of the borings were advanced using a truck-mounted CME-75 drill rig utilizing 
mud rotary drilling or hollow stem auger techniques.   The drilling operations were directed by a 
representative from Shannon & Wilson who also logged the subsurface conditions during drilling 
and the logged and classified the soil samples that were collected during the operation.  Soil 
sampling was performed using a standard split spoon sampler, Dames and Moore split spoon 
sampler and thin-walled Shelby tube sampler.  Samples were sealed in containers and returned to 
our laboratory for further classification and index testing. 
 
Stage One explorations, completed on the dates July 23rd through July 26th, 2007, consisted of 
seven mud rotary borings to depths ranging from 30 to 51.5 feet below the ground surface.  Five 
borings, labeled IB-1 through IB-5, were located near of the Phase One Plant Expansion on the 
south side of the existing WPCP.  Two borings, label IB-6 and IB-7, were located near the 
proposed digesters on the northwest corner of the WPCP site.  A standpipe piezometer was 
installed in IB-6 
 
Stage two explorations consisted of pushing four (CPT-1 through CPT-4) electric cone 
penetrometer test (CPT) holes on the August 14th, 2007.  The work was performed by Vandehey 
Exploration, Inc. of Banks Oregon, who was a subcontractor to S&W.  The CPT test holes were 
pushed to depths between 20 and 33 feet.  The CPT probes were advanced to locate the top of the 
gravel layer near the Fine Screening Building.   The CPT probes were stopped where they 
reached a refusal pushing force.  No samples are collected during CPT exploration.  The CPT 
logs provide a continuous record of soil resistance which includes tip resistance and side friction.  
Estimates of soil properties/classification can be made based on published correlations between 
tip and skin resistance. The estimated soil properties are based on analyses performed using 
published correlations and equations. The method used for estimating the properties listed above 
are: 
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a. Uncorrected N-Value (N60) based on Robertson & Campanella.  This Correlation of CPT 
data to ASTM International 1586 N-Value is interpretive and should not be considered 
factual or used as data on this project. 

b.  Soil Behavior Type based on University of British Columbia-1983.  This correlation is 
interpretive, and should not be considered the actual soil type according to ASTM 
D2488. 

Some of the logs have no data in the upper five feet of soil because the holes had to be predrilled 
to advance the CPT through the gravelly fill material.  
 
Stage Three explorations consisted of six borings (IB-8 through IB-13), ranging in depth form 17 
to 46.5 feet, and completed during the dates February 25th through February 27th 2008.  Boring 
IB-8 and IB-9 were drilled near the proposed UV disinfection building and advanced to the top 
of the dense gravel layer.  Borings IB-10 and IB-11 were drilled on the west side of the aid in the 
characterization of subsurface materials between the plant and the river.  Borings IB-12 and IB-
13 were drilled near the footprint of the proposed storm water retention basin.  Standpipe 
piezometers were installed in borings IB-12 and IB-13.  In-situ infiltration (permeability) tests 
were performed on boring IB-12 and IB-13, see Appendix C for detailed description of the in-
situ testing. 
 
Logs of the current exploration program are contained in this Appendix.  For reference, boring 
logs from previous reports in the plant area are contained in Appendix D. 
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Tri-City WPCP
Phase 1 Expansion

Clackamas County, Oregon

MAJOR constituents compose more than 50
percent, by weight, of the soil.  Major consituents
are capitalized (i.e., SAND).

< #200 (0.08 mm)

Shannon & Wilson, Inc. (S&W), uses a soil
classification system modified from the Unified Soil
Classification System (USCS).  Elements of the
USCS and other definitions are provided on this
and the following page.  Soil descriptions are
based on visual-manual procedures (ASTM D
2488-93) unless otherwise noted.
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Not applicable or not available
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Organic vapor analyzer
Photo-ionization detector
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Split spoon sampler
Standard penetration test
Unified soil classification
Water level indicator
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MOISTURE CONTENT DEFINITIONS

DESCRIPTION
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Sheet 1 of 2
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Asphalt or Cap

Slough
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Fill

FIG. A1

Very soft
Soft
Medium stiff
Stiff
Very stiff
Hard

Absence of moisture, dusty, dry
to the touch

Damp but no visible water

Visible free water, from below
water table

N, SPT,
BLOWS/FT.

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

COBBLES

Geotechnical and Environmental Consultants

* Unless otherwise noted, sand and gravel, when
present, range from fine to coarse in grain size.
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(i.e., slightly silty SAND, trace of gravel).

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

FINE-GRAINED SOILS

#200 to #40 (0.08 to 0.4 mm)
#40 to #10 (0.4 to 2 mm)
#10 to #4 (2 to 5 mm)

BOULDERS

S&W CLASSIFICATION
OF SOIL CONSTITUENTS

Minor constituents compose 12 to 50 percent
of the soil and precede the major constituents
(i.e., silty SAND).  Minor constituents preceded
by "slightly" compose 5 to 12 percent of the soil
(i.e., slightly silty SAND).
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PVC Screen

Vibrating Wire
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HIGHLY-
ORGANIC SOIL

(50% or more of
coarse fraction

passes the No. 4
sieve)

(liquid limit less
than 50)

Silt and Clay

Gravel with Fines

Organic

Inorganic
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Sheet 2 of 2
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Peat, humus, swamp soils with high
organic content (see ASTM D 4427)

SC
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TYPICAL DESCRIPTION

CH

OH

ML

CL

Clayey gravel, gravel-sand-clay mixtures

Primarily organic matter, dark in
color, and organic odor

SW

(more than 12%
fines)

(less than 5%
fines)

PT

FIG. A1

(more than 50%
retained on No.

200 sieve)

Sand

Clayey sand, sand-clay mixtures

SP

(less than 5%
fines)

GM

GC

Gravel

Clean Sand

Sand with
Fines

Silt and Clay

Poorly graded gravel, gravel-sand
mixtures, little or no fines

Silty gravel, gravel-sand-silt mixtures

Well-graded sand, gravelly sand, little or
no fines

Inorganic silt, micaceous or
diatomaceous fine sand or silty soils,
elastic silt

Poorly graded sand, gravelly sand, little
or no fines

Silty sand, sand-silt mixtures

Organic silt and organic silty clay of low
plasticity

Inorganic silt of low to medium plasticity,
rock flour, sandy silt, gravelly silt, or
clayey silt with slight plasticity

Organic clay of medium to high
plasticity, organic silt

Inorganic clay of low to medium
plasticity, gravelly clay, sandy clay, silty
clay

Inorganic clay or medium to high
plasticity

Well-graded gravel, gravel, gravel/sand
mixtures, little or no fines.
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GW

Geotechnical and Environmental Consultants

Clean Gravel

COARSE-
GRAINED SOIL

NOTES

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 limit and plasticity index values plot in the CL-ML area of the
plasticity chart.

2. Borderline symbols (symbols separated by a slash, i.e., CL/ML, silty
CLAY/clayey SILT; GW/SW, sandy GRAVEL/gravelly SAND) indicate
that the soil may fall into one of two possible basic groups. SHANNON & WILSON, INC.

Inorganic

Organic

GP
(more than 50%
of coarse fraction
retained on No. 4

sieve)

MAJOR DIVISIONS

SOIL CLASSIFICATION
AND LOG KEY

GROUP/GRAPHIC
SYMBOL

(liquid limit 50 or
more)

(50% or more
passes the  No.

200 sieve)

(more than 12%
fines)

MH

NOTE:  No. 4 size = 5 mm;  No. 200 size = 0.075 mm

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)
(From ASTM D 2487-98 & 2488-93)
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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.
4. The hole location and elevation should be considered approximate.
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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.
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subsurface materials and drilling methods.  The stratification
lines indicated below represent the approximate boundaries

between soil types, and the transitions may be gradual.
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3. USCS designation is based on visual-manual classification and selected lab

testing.
4. The hole location and elevation should be considered approximate.
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lines indicated below represent the approximate boundaries

between soil types, and the transitions may be gradual.
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NOTES:
1. A Log of probe is based on piezocone probe data provided by Vandehey 
Explorations.
2. The pore pressure was measured behind the tip of the penetrometer. 
Hydrostatic pore pressure based on an estimated groundwater depth.
3. The estimated soil properties are based on analyses performed using 
published correlations and equations. The method used for estimating the 
properties listed above are:
a. Uncorrected N-Value (N60) based on Robertson & Campanella.
b. Soil Behavior Type based on UBC-1983.
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NOTES:
1. A Log of probe is based on piezocone probe data provided by Vandehey 
Explorations.
2. The pore pressure was measured behind the tip of the penetrometer. 
Hydrostatic pore pressure based on an estimated groundwater depth.
3. The estimated soil properties are based on analyses performed using 
published correlations and equations. The method used for estimating the 
properties listed above are:
a. Uncorrected N-Value (N60) based on Robertson & Campanella.
b. Soil Behavior Type based on UBC-1983.
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NOTES:
1. A Log of probe is based on piezocone probe data provided by Vandehey 
Explorations.
2. The pore pressure was measured behind the tip of the penetrometer. 
Hydrostatic pore pressure based on an estimated groundwater depth.
3. The estimated soil properties are based on analyses performed using 
published correlations and equations. The method used for estimating the 
properties listed above are:
a. Uncorrected N-Value (N60) based on Robertson & Campanella.
b. Soil Behavior Type based on UBC-1983.
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NOTES:
1. A Log of probe is based on piezocone probe data provided by Vandehey 
Explorations.
2. The pore pressure was measured behind the tip of the penetrometer. 
Hydrostatic pore pressure based on an estimated groundwater depth.
3. The estimated soil properties are based on analyses performed using 
published correlations and equations. The method used for estimating the 
properties listed above are:
a. Uncorrected N-Value (N60) based on Robertson & Campanella.
b. Soil Behavior Type based on UBC-1983.
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S&W LABORATORY TESTING 
 
 
B.1 GENERAL 

A laboratory testing program was developed and implemented in order to evaluate physical 
and engineering characteristics of the subsurface soils.  Laboratory tests on selected soil samples 
included standard classification tests, which consisted of visual examination, moisture/density 
tests, Atterberg limits, grain-size analysis, hydrometers, and grain-size wash analysis, i.e., 
percent finer than the No. 200 sieve.  In addition, in-place density tests, in-situ shear strength and 
unconfined compressive strength tests were conducted on selected undisturbed thin-walled 
samples.  This Appendix contains the full lab results from S&W laboratory testing program, in 
addition to Figure B1, which summarizes all laboratory testing performed on samples collected 
on site (this includes the laboratory results from previous work done on-site by others).  We 
cannot assure the completeness or accuracy of the data from other sources, but the information 
was used by Shannon & Wilson to supplement our interpretation of subsurface conditions and 
soil properties.  The last column of Figure B1 indicates from which previous report the 
laboratory data was assembled. 

B.1.1 Moisture (Natural Water) Content 

Selected soil samples were evaluated to determine their in-situ water content.  The 
moisture content is defined as the ratio of the weight of water to the dry weight of soil, expressed 
as a percentage.  The results from our moisture testing are shown on Figure B-1.  Additionally, 
the results of the moisture content determinations are presented on the logs of the borings in 
Appendix A. 

B.1.2 Atterberg Limits 

Atterberg Limits were determined on selected samples of fine-grained soils (that is, silts, 
clays and clayey silts) for the purpose of classifying fine-grained soils into groups based on 
plastic properties of the soil.  Plastic properties of soils are used in a number of soil property 
correlations.  Table 1 below shows the results of the Atterberg Limits tests that were performed 
by Shannon & Wilson.  The results of the Atterberg Limits test are plotted on the plasticity chart 
on Figure B2 in this appendix. 
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TABLE 1 
Atterberg Limits 

Boring Depth, ft Liquid Limit Plastic Limit Plasticity Index Classification 
IB-2 15 44 32 12 ML 
IB-3 20 41 30 11 ML 
IB-4 15 34 33 1 ML 
IB-4 30 41 35 6 ML 
IB-9 20 NP NP NP ML 

IB-10 20 52 34 18 MH 
IB-13 7.5 45 35 11 ML 

 
B.1.3 Grain-Size Analyses 

Grain-size analyses were conducted on selected soil samples to determine their particle 
size distribution.  For most samples, a wet sieve analyses was performed to determine a 
percentage (by weight) of the sample passing the No. 200 (0.75 mm) sieve.  For selected 
samples, a full grain size distribution curve was developed by testing the minus No. 10 material 
using a hydrometer, washing the full sample over a No. 200 sieve, and sieving the plus No. 200 
material through a series of sieves to determine the distribution of the plus No. 200 material.  
The hydrometer plus sieving results were used to develop the particle-size distribution curves 
down to 0.002 mm.   Table 2 below shows the tabular results of S&W grain size analysis.  Figure 
B3 in this appendix presents the results of the Grain-Size Analysis. 

TABLE 2 
Grain-Size Analysis 

Boring Depth, ft Percent Gravel Percent Sand Percent Fines Classification 
IB-1 10 -- -- 60.8 ML 
IB-1 20 -- -- 87.2 ML 
IB-2 22 0.0 52.2 47.8 SM 
IB-4 17 -- -- 60.7 ML 
IB-4 35 -- -- 42.0 SM 
IB-5 22 0.0 43.2 56.8 ML 
IB-8 5 -- -- 83.8 ML 
IB-9 15 0.0 17.9 82.1 ML 
IB-9 22 -- -- 76.8 ML 

IB-10 30 -- -- 45.2 SM 
IB-12 10 -- -- 61.1 ML 
IB-12 12.5 -- -- 70.0 ML 
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IB-12 15 0 10.3 89.7  
IB-12 20 -- -- 55.6 ML 
IB-13 10 -- -- 58.4 ML 
IB-13 12.5 0 44.9 32.0  
IB-13 15 -- -- 40.6 SM 

 
B.1.4 Unit Weight of Undisturbed Samples 

The unit weights, or densities, from the thin-walled Shelby tube samples were determined 
in the laboratory.  Results from S&W testing are below in Table 3.  The results from all Unit 
weight measurements performed on-site are presented in this appendix. 

TABLE 3 
Unit Weight of Undisturbed Samples 

Boring Depth, ft Dry Density pcf 

IB-2 20 73.87 
IB-4 15 84.37 
IB-5 20 95.56 
IB-8 20 91.0 
IB-9 10 83.3 

 
B.1.5 Consolidation Test 

Shannon & Wilson performed one consolidation test on a sample from the Alluvial Silts at a 
depth of 20 ft, in the vicinity of the UV disinfection building.  A consolidation test indicates the 
amount of deformation that a soil may undergo when subjected to a certain load.  The 
consolidation test indicated that the soils at under the UV building have exhibit compressive 
characteristics as shown on Figure B4, in this appendix.  The results from all consolidation tests 
performed on-site are presented on Figure B1, with the full lab results presented in Appendix D. 



FIGURE B1 - LAB TESTING SUMMARY Tri-City WPCP Interim Expansion
24-1-03420-001

SPT Laboratory Data Source,
N-value Top Bottom Rec. (ft) L.L P.L. P.I. Gravel (%) Sand (%) Fines (%) CC CU Wet Dry C' (psf) φ (deg) Date

B-101 SS-1 SPT 23 2.5 4 SILT ML 30.0 CH2M Hill, 2002
B-101 SS-8 SPT 7 27.5 29 SILT ML 45.0 42 31 11 CH2M Hill, 2002
B-102 SS-3 SPT 11 10 11.5 SILT ML 42.0 CH2M Hill, 2002
B-102 SO-6 Shelby N/A 22.5 24.5 SILT ML 43.0 48 32 26 110 77 CH2M Hill, 2002
B-102 SS-7 SPT 9 24.5 26 SILT ML 45.0 CH2M Hill, 2002
B-102 SS-10 SPT 27 30.5 32 Silty SAND SM 19.0 CH2M Hill, 2002
B-103 SS-4 SPT 2 15 16.5 SILT ML 50.0 44 31 14 CH2M Hill, 2002
B-103 SS-6 SPT 4 22.5 24 SILT ML 46.0 CH2M Hill, 2002
B-103 SS-8 SPT 15 27 28.5 Silty SAND SM 29.0 CH2M Hill, 2002
B 103 SS 11 SPT 35 36 37 5 Silt GRAVEL GM 6 0 CH2M Hill 2002

Sample NumberBoring Sample Type
Sample Depth (ft)

Classification
Unit Weight (pcf)

Geologic Unit USCS
Water 

Content (%)
Atterberg Limits Direct ShearGrain Size Distribution

B-103 SS-11 SPT 35 36 37.5 Silty GRAVEL GM 6.0 CH2M Hill, 2002
B-104 SS-1 SPT 54-11" 5 5.92 SILT ML 34.0 CH2M Hill, 2002
B-104 SS-4 SPT 9 26 27.5 Silty SAND SM 37.0 47.0 CH2M Hill, 2002
B-105 SS-1 SPT 19 5 6.5 SILT ML 32.0 CH2M Hill, 2002
B-105 SS-4 SPT 6 15 16.5 SILT ML 35.0 CH2M Hill, 2002
B-105 SS-7 SPT 6 25 26.5 SILT ML 47.0 42 36 6 CH2M Hill, 2002
B-106 SO-6 Shelby N/A 23 24.5 SILT ML 47.0 47 38 9 104 70.8 CH2M Hill, 2002
B-106 SS-8 SPT 12 27.5 29 Silty SAND SM 35.0 CH2M Hill, 2002
B-6 SS-3 SPT 7 15 16.5 Silty SAND SM 43.0 2 28 CH2M Hill, 1982
B-7 ST-3 Shelby N/A 15 16.5 SILT ML 200 32.3 CH2M Hill, 1982
B-15 SS-5 SPT 5 15 16.5 SILT ML NP 41 NP CH2M Hill, 1982
B-16 ST-4 Shelby N/A 10 12 Sandy SILT ML 52.0 NP 50 NP 82.0 3 21 102 67 CH2M Hill, 1982
B-17 SS-1 SPT 4 5 6.5 SILT MH 81.0 51 35 16 CH2M Hill, 1982
B-17 ST-3 Shelby N/A 13 15 SILT ML 54.0 6.0 94.0 5 33 107 69.4 CH2M Hill, 1982
B-18 ST-4 Shelby N/A 10 12 Silty SAND SM 30.0 NP NP NP 53.0 47.0 1 25 0 35.5 CH2M Hill, 1982
B-17 ST-3 Shelby N/A 13 15 SILT ML 54.0 2.0 98.0 2 6 CH2M Hill, 1982
B-17 ST-7 Shelby N/A 23 25 Sandy SILT ML 52.0 32.0 68.0 2 10 105 69 CH2M Hill, 1982
IB-1 S-1 SPT 5 5 6.5 SILT ML 39.7 Shannon & Wilson, 2007
IB-1 S-2 SPT 4 10 11.5 Sandy SILT ML 34.8 60.8 Shannon & Wilson, 2007
IB-1 S-3 SPT 3 15 16.5 Sandy SILT ML 43.7 Shannon & Wilson, 2007
IB-1 S-4 SPT 3 20 21.5 Sandy SILT ML 42.8 87.2 Shannon & Wilson, 2007
IB 1 S 5 SPT 39 25 26 5 Sandy GRAVEL GM/GP Shannon & Wilson 2007IB-1 S-5 SPT 39 25 26.5 Sandy GRAVEL GM/GP Shannon & Wilson, 2007
IB-2 S-1 SPT 13 5 6.5 SILT ML 35.6 Shannon & Wilson, 2007
IB-2 S-2 SPT 7 10 11.5 SILT ML 45.0 Shannon & Wilson, 2007
IB-2 S-3 SPT 12 15 16.5 SILT ML 43.3 44 32 12 Shannon & Wilson, 2007
IB-2 S-4 Shelby N/A 20 22 Silty SAND SM 21.0 89.35 73.87 Shannon & Wilson, 2007
IB-2 S-5 SPT 5 22 23.5 Silty SAND SM 32.3 52.2 47.8 Shannon & Wilson, 2007
IB-2 S-6 SPT 100 25 25.25 Sandy GRAVEL GP Shannon & Wilson, 2007
IB-3 S-2 SPT 3 10 11.5 SILT ML 43.1 Shannon & Wilson, 2007
IB-3 S-3 SPT 2 15 16.5 SILT ML 44.1 Shannon & Wilson, 2007
IB-3 S-4 SPT 3 20 21.5 SILT ML 41.3 41 30 11 Shannon & Wilson, 2007
IB-3 S-5 SPT 4 25 26.5 SILT ML Shannon & Wilson, 2007
IB-3 S-6A SPT 52 30 31 Silty SAND SM 35.6 Shannon & Wilson, 2007
IB-4 S-1 SPT 15 5 6.5 SILT ML 32.7 Shannon & Wilson, 2007
IB-4 S-3 Shelby N/A 15 17 Sandy SILT ML 33.3 34 33 1 112.5 84.37 Shannon & Wilson, 2007
IB-4 S-4 SPT 2 17 18.5 Sandy SILT ML 45.2 60.7 Shannon & Wilson, 2007
IB-4 S-5 SPT 0 20 21.5 SILT ML 47.4 Shannon & Wilson, 2007
IB-4 S-6 SPT 0 25 26.5 SILT ML 52.0 Shannon & Wilson, 2007
IB-4 S-7 SPT 0 30 31.5 SILT ML 48.8 41 35 6 Shannon & Wilson, 2007
IB-4 S-8 SPT 3 35 36.5 Silty SAND SM 41.6 42.0 Shannon & Wilson, 2007
IB-4 S-9 SPT 43 40 41.5 SILTSTONE SILTST. 55.3 Shannon & Wilson, 2007
IB-5 S-2 SPT 4 10 11.5 SILT ML 36.9 Shannon & Wilson, 2007
IB 5 S 4 Shelby N/A 20 22 Silty SAND SM 23 0 117 6 95 56 Shannon & Wilson 2007IB-5 S-4 Shelby N/A 20 22 Silty SAND SM 23.0 117.6 95.56 Shannon & Wilson, 2007
IB-5 S-5 SPT 12 22 23.5 Silty SAND SM 20.4 43.2 56.8 Shannon & Wilson, 2007
IB-5 S-6 SPT 100 25 26.4 Silty Sandy GRAVEL GM 34.3 Shannon & Wilson, 2007
IB-8 S-1 SPT 3 5 6.5 46.4 83.8 Shannon & Wilson, 2008
IB-8 S-2 Shelby N/A 10 12 Shannon & Wilson, 2008
IB-8 S-3 SPT 4 12 13.5 37.7 Shannon & Wilson, 2008
IB-8 S-4 SPT 0 15 16.5 40.1 Shannon & Wilson, 2008
IB-8 S-5 Shelby N/A 20 22 31.2 119.4 91 Shannon & Wilson, 2008
IB-8 S-6 SPT 4 22 23.5 38.8 Shannon & Wilson, 2008
IB-9 S-2 Shelby N/A 10 12 44.3 120.2 83.3 Shannon & Wilson, 2008
IB-9 S-3 SPT 3 12 13.5 46.6 Shannon & Wilson, 2008
IB-9 S-4 SPT 0 15 16.5 50.7 0.0 17.9 82.1 Shannon & Wilson, 2008
IB-9 S-5 Shelby N/A 20 22 NP NP NP Shannon & Wilson, 2008
IB-9 S-6 SPT 0 22 23.5 50.2 76.8 Shannon & Wilson, 2008
IB-9 S-7 SPT 2 25 26.5 49.8 Shannon & Wilson, 2008
IB-10 S-4 SPT 2 20 21.5 52 34 18 Shannon & Wilson, 2008
IB-10 S-6 SPT 6 27 28.5 18.2 Shannon & Wilson, 2008
IB-10 S-7 SPT 24 30 31.5 31.2 45.2 Shannon & Wilson, 2008
IB-10 S-8 SPT 100 35 36.5 8.0 Shannon & Wilson, 2008
IB-11 S-4 SPT 1 20 21.5 52.7 Shannon & Wilson, 2008
IB-11 S-5 SPT 0 25 26.5 65.3 Shannon & Wilson, 2008
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FIGURE B1 - LAB TESTING SUMMARY Tri-City WPCP Interim Expansion
24-1-03420-001

SPT Laboratory Data Source,
N-value Top Bottom Rec. (ft) L.L P.L. P.I. Gravel (%) Sand (%) Fines (%) CC CU Wet Dry C' (psf) φ (deg) DateSample NumberBoring Sample Type

Sample Depth (ft)
Classification

Unit Weight (pcf)
Geologic Unit USCS

Water 
Content (%)

Atterberg Limits Direct ShearGrain Size Distribution

IB-11 S-6 SPT 2 30 31.5 60.6 Shannon & Wilson, 2008
IB-11 S-7 SPT 0 35 36.5 49.5 Shannon & Wilson, 2008
IB-11 S-8 SPT 1 40 41.5 71.0 Shannon & Wilson, 2008
IB-12 S-1 SPT 11 2.5 4 17.9 Shannon & Wilson, 2008
IB-12 S-2 SPT 4 5 6.5 31.0 Shannon & Wilson, 2008
IB-12 S-3 SPT 5 7.5 9 33.2 Shannon & Wilson, 2008
IB-12 S-4 SPT 6 10 11.5 34.6 61.1 Shannon & Wilson, 2008
IB-12 S-5 SPT 4 12.5 14 44.1 70.0 Shannon & Wilson, 2008
IB-12 S-6 SPT 4 15 16.5 0.0 10.3 89.7 Shannon & Wilson, 2008
IB 12 S 7 SPT 4 20 21 5 36 1 55 6 Shannon & Wilson 2008IB-12 S-7 SPT 4 20 21.5 36.1 55.6 Shannon & Wilson, 2008
IB-12 S-8 SPT 6 25 26.5 21.2 Shannon & Wilson, 2008
IB-13 S-3 SPT 4 7.5 9 45 35 11 Shannon & Wilson, 2008
IB-13 S-4 SPT 4 10 11.5 30.3 58.4 Shannon & Wilson, 2008
IB-13 S-5 SPT 3 12.5 14 0.0 44.9 32.0 Shannon & Wilson, 2008
IB-13 S-6 SPT 3 15 16.5 37.5 40.6 Shannon & Wilson, 2008

*Split Sample, if two water contents were taken, the higher was reported.
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S&W IN-SITU TESTING 
 
 
B.1 GENERAL 

We conducted falling head permeability tests in observation wells IB-12 and IB-13 in order to 
estimate the hydraulic conductivity of the formation in the proposed storm-water retention basin.  
The observation wells are each 15 feet deep and screened  in the bottom 5 feet. The locations of 
these observation wells are shown on the Plan of Explorations, Figure 2.  The soil logs of the 
observation well borings are presented in Appendix A, Figures A13 and A14.   

B.2 FALLING HEAD TEST 

Prior to testing, we saturated the soil in the test area by continuously filling the wells to the 
ground surface with potable water for more than 4 hours.  We then performed two falling head 
permeability tests in each well.  For each test:  

 An acrylic plastic extension was temporarily affixed to the top of the standpipe.   

 A Solinst Levelogger Gold Model 3001 electronic datalogging pressure transducer was 
placed in the bottom of the observation well. 

 The well and acrylic plastic extension was filled with potable water to a level equivalent 
with a volume of seven liters over the top of the standpipe. 

 The datalogger was set to record the water level in the well at 1 second intervals and all 
artificial flow to the well was stopped. 

 The water level in the well was allowed to fall to less than 0.2 feet while the datalogger 
was recording. 

 
The recorded change in head is plotted against time for each test in the semi-log plots presented 
in Figures C1 and C2.  We made linear approximations of the portions of data which most likely 
represent the behavior of the target formation and used them to calculate soil hydraulic 
conductivity in general accordance with the procedures developed by Bower & Rice (1976).  The 
term “general accordance” means that some assumptions and approximations were made to fit 
the conditions under which the tests were performed.  The calculated hydraulic conductivities for 
each test are presented in Table 1, on the following page.   
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TABLE C1 

Falling Head Test Results 

BORING 
TRIAL 1 

K (cm/sec) 
TRIAL 2 

K (cm/sec) 
AVERAGE 
K (cm/sec) 

IB-12 8.1 x 10-4 9.2 x 10-4 8.7 x 10-4 
IB-13 2.1 x 10-4 2.1 x 10-4 2.1 x 10-4 

 
B.3 REFERENCE 

Bower, H., and Rice, R.C., A slug test for determining hydraulic conductivity of unconfined 
aquifers with completely or partially penetrating wells, Water Resour. Res., 12(3), 423, 1976. 
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PREVIOUS FIELD EXPLAORATIONS 
 
 
D.1 GENERAL 

This appendix contains logs from previous exploratory borings on site and the original laboratory 
testing results.  The lab data directly follows the boring logs for each individual source.  Sources 
for the previous explorations are listed in the report text. The approximate location of the borings 
is shown on Figure 2, Plan of Explorations.  Exploratory borings from adjacent properties are not 
included in this appendix. 
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Attachment to and part of Tri-City WPCP Draft 
Geotechnical Data Report 

  
Date: May, 2008 
To: MWH Global 
 Americas, Inc. 
  
  

  
 Important Information 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. 
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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. While a 
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 
appropriate 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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