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CITY CENTER SOIL PERMEABILITY STUDY
LYNNWOOD, WASHINGTON

1.0 INTRODUCTION

This report was prepared on behalf of the City of Lynnwood (City) and presents
the results of the City Center Soil Permeability Study in Lynnwood, Washington
(Figure 1). The purpose of the study is to evaluate the potential for large-scale
subsurface infiltration of stormwater within the City Center project area. The
results of this study will support the stormwater management study that is
currently being conducted for the City for the City Center project area.
Stormwater infiltration is one of several options being evaluated in the
stormwater management study.

2.0 SCOPE OF WORK
The scope of work consisted of the four tasks described below.
Task 1—Data Review
m Reviewed existing data in publically-available sources and information
provided by the City related to subsurface conditions within the City Center
project area.

Task 2—Phase 1 Drilling

The purpose of the Phase 1 drilling program was to identify subsurface
conditions favorable for infiltration. Phase 1 consisted of the following activities:

m  Coordinated with the City and private property owners to complete
explorations.

m  Cleared the exploration locations for underground utilities. We used One
Call for utilities in the public right-of-way and contracted with a private utility
locating contractor to locate utilities on private property.

m Installed traffic controls signs as required by the traffic control plan for
drilling sites.

m  Completed 7 explorations (HCB-1, -2, -3, -5, -6, -7, -8) to depths ranging from
21 to 53 feet.
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Collected soil samples at 5-foot intervals starting at a depth of 2.5 feet.
Additional soil samples were collected from geologic units that appeared to
be favorable for infiltration.

Conducted drilling under the observation of a Hart Crowser geologist and
created detailed logs of each exploration. The soils were visually classified in
general accordance with ASTM D 2488.

Collected drill cuttings in 55-gallon steel drums. The drilling contractor
hauled the drums off-site for disposal.

Tested soil samples from each exploration for grain size distribution by
mechanical sieve analysis using ASTM D 422,

Restored the areas surrounding the finished boreholes to conditions similar
to those that existed before drilling took place.

Task 3—Phase 2 Drilling

The purpose of Phase 2 drilling program was to further investigate areas that
appeared to have favorable conditions for infiltration based on Phase 1 drilling
results.

Task 3 included all the activities listed in the scope for Task 2 and the additional
activities identified below.

Coordinated with the Washington State Department of Transportation
(WSDOT) to drill boring HCB-11 within WSDOT right-of-way.

Completed 6 additional explorations (HCB-4, -9, -10, -11, -11A, -12) to
depths ranging from 15.1 to 51.5 feet.

Analyzed one to two soil samples from each exploration for grain size by
mechanical sieve analysis using ASTM D 422.

Task 4—Data Analysis and Reporting

The data from the Phase 1 and 2 drilling programs were analyzed, and the
results of field investigations and laboratory testing are presented in this report.
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3.0 BACKGROUND

The City Center project area is currently a commercial area within the City. The
City is designing and developing an urban center within the City’s central area
called City Center Project (Lynnwood 2012). The purpose of the project is to
restructure the City Center’s growth toward a more concentrated, mixed-use,
pedestrian-friendly, and transit-supportive center; and to create an attractive,
functional, and comfortable place for Lynnwood residents to live, work, and

play.

3.1 Site Location

The City Center project area is located on the east to southeast portion of the
City limits (Figure 1). The general project boundaries are 194th Street to the
north, 48th Avenue to the west, and Alderwood Mall Boulevard to the east and
south.

Topographic gradients in the project area generally slope slightly to moderately
downward to the south. Elevations range from a high of 400 feet to a low of
300 feet.

3.2 Regional Geology

The geology of the Lynnwood area is described by Minard (1983), Yount et. al.,
(1993), Thomas (1997), and Booth (2004). The geology in the Lynnwood area
consists mostly of glacial material derived from repeated glacial advances and
retreats over the past two million years. Each advance erased and remodeled
the deposits produced since the last advance, resulting in layers of discontinuous
lenses of gravel, sand, silty sand, and silt. The Frasier Glaciation was the most
recent glacial advance and occurred approximately 12,000 to 16,000 years ago.
The most recent of the advance “pulses” of glaciation is referred to as the
Vashon Stade.

The following geological units are present in project area.

Fill. Artificial fill material consisting primarily of varying proportions of sand,
gravel, and silt. This fill often contains construction debris.

Alluvium. This deposit consists of fluvial and wetland sediments associated with
streams. This unit consists mainly of sand and gravel with organic silt and clay,
and may include peat deposits.
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Vashon recessional outwash. This unit is composed of stratified sand and gravel
with minor silt and clay layers, and is mapped at the surface east of the project
area. Itis derived from the stagnating and receding Vashon glacier.

Vashon Till. This is dense material referred to as “hardpan” and “lodgment till”
because it was compacted by overlying ice that may have been as thick as 3,000
feet. This unit consists of poorly sorted mixture of clay, silt, gravels and cobbles
and underlies most of the City.

Advanced Outwash. Advanced Outwash underlies the Vashon Till in most
areas, and is not exposed at the surface within the City. It consists mostly of
clean sand and gravel, although some layers of silt and clay may be present.

Pre-Vashon Deposits. Various glacial and nonglacial occur deposits beneath the
Advanced Outwash unit. These older deposits are variable consisting of sand,
gravels, silty and clay.

3.3 Surface Water Hydrology

3.4 Convention

The project area is located within the Scriber Creek basin (Snohomish County,
2002; Herrera 2009). The western portion of the project area drains to Scriber
Creek, which originates in the City near Scriber Lake (approximately 0.5 miles
west of the project area) and flows southeast along the southern boundary of
the project area to Swamp Creek, which flows into the Sammamish River and
ultimately discharges into Lake Washington. The eastern portion of the City
Center drains to Poplar Creek, which is a tributary of Scriber Creek. The Poplar
Creek system begins north of I-5, and flows south toward Scriber Creek.

Approximately 95 percent of the City Center area is covered with impervious
surfaces including paved parking lots, building roofs, sidewalks, and streets.
Stormwater originating in the project area is currently conveyed through a series
of pipes and discharged into Poplar and Scriber Creeks, while stormwater runoff
from I-5 and access ramps is captured by and stored in two detention ponds.
One detention pond is located near 195th Place SW in the northeastern portion
of the project area, and the other is located in a triangle defined by I-5 and the
196th Ave on- and off-ramps to I-5.

Center Stormwater Infiltration System

The stormwater management system for the recently-completed Lynnwood
Convention Center was one of the inspirations for this study. According to
Macnoskey (2007), the design of the Convention Center included 4.6 acres of
impervious area, which created a significant volume of stormwater. Instead of
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constructing large aboveground detention ponds, an alternative approach
consisting of a combination of underground detention and infiltration was used.
The recently-constructed underground facility consists of a 26-foot-deep, 60-foot-
wide, and 100-foot-long excavation backfilled with drainage rock, and an
infiltration gallery that appears to tap into a permeable zone below glacial till.

A full-scale test was performed with a flow rate of 1,500 gallons per minute. The
duration and ultimate capacity of the system was not provided in the 2007
article. Although the system appears to be a combination of detention and
infiltration, the infiltration rates of target infiltration zone were not provided.

4.0 INFILTRATION POTENTIAL FOR THE CITY CENTER PROJECT AREA

Stormwater infiltration is the process through which stormwater penetrates into
the soil from the ground surface. Infiltration is one of the preferred methods for
stormwater management. Success of an infiltration system depends on the
subsurface capacity, the rate of infiltration, and the volume of stormwater.

Based on our data review and site explorations we classified the subsurface
infiltration potential for the project area into three categories: favorable, low, and
unfavorable. Favorable infiltration conditions are most commonly found in
highly-permeable, unsaturated soils that can easily accept stormwater. Low
infiltration conditions (where infiltration may be limited) are found in areas of
less permeable soils, a higher groundwater table, and/or seasonal fluctuations in
the groundwater table. Unfavorable infiltration conditions exist (where
infiltration is unlikely) in areas with impermeable soils and a high groundwater
table.

For this study, we used four parameters to determine the infiltration potential of
the subsurface: (1) field and laboratory soil descriptions; (2) groundwater depth
observed at the time of drilling; (3) percent fines content; and (4) D10 values
from laboratory grain size analysis. The percent fines content is the amount of
silt and clay in the soil, and the D10 value is the grain diameter at which 10
percent of the sediment sample is finer than this size.

The criteria we used for this study are as follows:

m  Favorable Infiltration Potential. Soils classified as “favorable” include all of
the following criteria:
e permeable sand and gravel;
e unsaturated (located above the water table);
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¢ afines content less than 10 percent; and
e a D10 value greater than 0.05 mm.

m Low Infiltration Potential. Soils classified as “low” include one or more of
the following criteria:

silty sand and/or silty gravel;

e unsaturated;

e a fines content between 10 and 20 percent; and

a D10 value greater than 0.05 mm.

m  Unfavorable Infiltration Potential. Soils classified as “unfavorable” include:
e clay, silt, and very silty sand (less permeable);
e saturated (below the water table);
e a fines content greater than 20 percent; and
e a D10 value less than 0.05 mm.

5.0 SUBSURFACE CONDITIONS

Our understanding of the subsurface conditions is based on conditions
encountered on 12 borings drilled for this project. Subsurface conditions were
interpreted from explorations completed at discrete locations and actual
conditions may vary between borings.

5.1 Historical Explorations

We reviewed the publically available information on subsurface explorations
near the City Center Project area. Sources reviewed included:

City project files;

State of Washington Department of Ecology well database;
GeoMapNW database; and

WSDOT reports.

We found very few useful historical explorations within the boundaries of the
project area. Most subsurface explorations consist of shallow borings and/or
monitoring wells completed for geotechnical and environmental purposes. In
the western part of the project area, explorations were typically less than 20 feet
deep. Borings completed for geotechnical studies along the I-5 corridor were
completed to depths as great as 50 feet or more. The locations of selected
historical explorations are shown on Figure B-1 and in Appendix B.
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5.2 Drilling Program

5.3 Soils

The drilling program for the infiltration study was split into two phases. The
Phase 1 drilling locations were selected based on data gaps identified during the
review of subsurface conditions in the project area. The Phase 2 drilling
locations were selected based on the results of the Phase 1 drilling, and focused
on areas of potentially-favorable soil conditions in the northeast area of the
project site.

Subsurface conditions were explored with 13 soil borings (7 borings during
Phase 1, and 6 borings during Phase 2); the approximate locations of these
borings are shown on Figure 2. A summary of the soil boring characteristics are
provided in Table 1, and the details of the field exploration program and borings
logs are provided in Appendix A. Grain size analysis results are summarized in
Table 2, and the details of the laboratory testing program are provided in
Appendix C.

Three geologic units were encountered the explorations. Each unit is briefly
described below.

Fill. The Fill unit was observed in 11 of the 13 explorations (not in HCB-4 or
HCB-9) and typically consists of silty, gravelly Sand to silty, sandy Gravel. This
unit had a thickness ranging from 3.5 to 11 feet.

Glacial Till. The Glacial Till unit underlies the Fill unit and was observed in all
the explorations. This soil unit typically consists of dense to very dense, gravelly
silty Sand to silty, sandy, Gravel with cobbles. The Glacial Till unit was the
predominant unit in the explorations. Grain size analysis of one soil sample
(HCB-11A S-2) from this unit indicates that the unit has greater than 30 percent
fines, which indicates unfavorable infiltration conditions.

Sand. The Sand unit is usually saturated and underlies the Glacial Till unit,
creating confined conditions. This unit was observed in 9 of the 13 explorations
and was not observed in the four northwestern explorations (HCB-3, HCB-6,
HCB-7, and HCB-8). This soil unit typically consists of Sand, gravelly Sand, and
sandy Gravel with varying amounts of silt. Grain size analyses of selected soil
samples from this unit indicate the percent fines content ranges between 5 and
43 percent. This wide range of silt content suggests that the Sand unit is highly
variable, and subsurface infiltration potential is low.
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5.4 Groundwater

Perched and/or regional groundwater was encountered in 12 of the 13
explorations (not observed in exploration HCB-6). Perched groundwater was
observed in three explorations (HCB-2, HCB-8, and HCB-12) between the Fill
and Glacial Till units. Perched groundwater was observed in exploration HCB-7
in the upper 9 feet of the Glacial Till unit, where an increase in gravels was
noted.

Regional groundwater was observed in 10 explorations (HCB-1 through HCB-5,
HCB-9 through HCB-12, and HCB-11A) at elevations ranging between 388 and
422 feet.

No wells were installed in any of the explorations; therefore, we can only infer
groundwater flow direction based on local topography. In the western part of
the study area, we expect shallow groundwater to flow south/southwest towards
Scriber Creek. In the eastern part of the project area, we expect shallow
groundwater to flow to the south/southeast. We expect that the depth to
groundwater could vary seasonally by as much as 5 to 10 feet. It is important to
note that groundwater levels may fluctuate due to seasonal changes, rainfall,
temperature, and other effects. Perched water may also be present where
pervious material is underlain by relatively impervious zones.

6.0 INFILTRATION SUITABILITY

The suitability of the subsurface for stormwater infiltration in the project area is
summarized below:

m  Fill. Because of the wide variability in soil conditions, Fill is generally
considered unfavorable for infiltration.

m  Glacial Till. Based on general nature of soil conditions, Glacial Till unit is
generally unfavorable for infiltration. This was the predominant geologic unit
encountered in the explorations in the project area. The Glacial Till is
unlikely to infiltrate large volumes of stormwater; however, small volumes of
stormwater (e.g., from rooftop drains) may potentially be infiltrated.

m  Sand Unit. The Sand unit in the project area is generally marginal for
infiltration. The unit is thin to non-existent in the western and southern
explorations (approximate elevation 357 feet) and was observed only at
higher elevations in eastern explorations (between 388 and 423 feet). Two
explorations (HCB-4 and HCB-12) contained 2 to 5 feet of unsaturated soil in
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the Sand and Gravel unit. These explorations are located on the
undeveloped school property located south of the Lynnwood Convention
Center (Figure 3). The Sand and Gravel unit in these explorations has
marginal conditions for infiltration since only the upper 2 to 5 feet is
unsaturated and groundwater varies seasonally. In addition, the grain size
results analysis for these explorations indicate a fines content of 8 to 11
percent and D10 values of 0.065 to 0.09 mm, which generally correspond to
a favorable to low infiltration potential.

6.1 Estimated Infiltration Rates

Infiltration rates were estimated from gain size analysis based on the methods
outlined in the Stormwater Management Manual for Western Washington
(Ecology 2005). According to the manual, D10 values can be used to estimate
design infiltration rates. Table 3 presents our estimated infiltration rates. The
field infiltration rate for samples from the Sand unit with fines less than 30
percent is between less than 0.5 and 5 inches/hour. We estimate that the field
infiltration rate for the Glacial Till will be less than 0.5 inches/hour.

7.0 RECOMMENDATIONS

Favorable infiltration conditions were not observed within the project area
(Table 4); however, low infiltration conditions were observed in the eastern
portion of the project area and south of the Convention Center. Stormwater
might be managed in this area with individual site-specific subsurface
detention/infiltration systems, similar to the system constructed at the
Convention Center. The subsurface detention/infiltration system would store
the stormwater in the drainage rock and allow it to slowly infiltrate into the
surrounding soils.

If the site-specific infiltration system is considered for the stormwater
management of the project area, we recommend investigating each site further
with the following actions:

m  Advance one or more soil boring using sonic drilling methods in order to
collect continuous soil cores. The variations in the soil layering and grain
size can be better observed by obtaining a continuous core. Collect
representative soil samples for grain size analysis and soil permeability
testing.

m Install wells to monitor seasonal groundwater levels.
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B Perform infiltration tests in borings to estimate infiltration rates.

m  Conduct groundwater mounding analyses to determine the rate and volume
of water available for infiltration.

8.0 LIMITATIONS

Work for this project was performed, and this report prepared, in accordance
with generally accepted professional practices for the nature and conditions of
the work completed in the same or similar localities, at the time the work was
performed. This report was prepared at the request of the City of Lynnwood
and it is intended for the exclusive use of the City of Lynnwood. This report is
not meant to represent a legal opinion. No other warranty, express or implied, is
made.
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APPENDIX A

FIELD METHODS
AND BORING LOGS

This appendix describes the field exploration methods we used to advance
explorations and collect soil samples. The boring logs in this appendix show our
interpretation of the exploration sampling and testing data. The logs indicate the
depth where the soils change. Note that the change may be gradual. In the
field, we classified the samples taken from the explorations according to the
methods presented on Figure A-1—Key to Exploration Logs. This figure also
provides a legend explaining the symbols and abbreviations used in the logs.

Hollow-Stem Auger Borings

With depths ranging from 15.1 to 53 feet below the ground surface, 13 hollow-
stem auger borings (HCB-1 through HCB-12), were drilled on February 22 and
23,2012, and June 13 and 14, 2012. HCB-11 was re-drilled because of poor
sample recovery; the new boring was named HCB-11A. A 4-inch inside
diameter hollow-stem auger was advanced with a truck-mounted drill rig
subcontracted by Hart Crowser. Using the Standard Penetration Test (SPT), we
obtained samples at 2-1/2- to 5-foot-depth intervals. The drilling was
continuously observed by a geologist from Hart Crowser who prepared detailed
field logs of each boring. The borings logs are presented on Figures A-2 through
A-13 at the end of this appendix.

Standard Penetration Test (SPT) Procedures

This test is an approximate measure of soil density and consistency. To be
useful, the results must be used in combination with engineering judgment and
other tests. The SPT (as described in ASTM D 1586) was used to obtain
disturbed samples. This test employs a 3- or 1.5-inch diameter split-spoon
sampler, which is driven into the soil for 18 inches using a 140-pound
autohammer and free-falling 30 inches. The number of blows required to drive
the sampler the last 12 inches only is the Standard Penetration Resistance. This
resistance, or blow count, measures the relative density of granular soils and the
consistency of cohesive soils. The blow counts are then plotted on the boring
logs at their respective sample depths.

Soil samples were recovered from the split-barrel sampler, field classified, and
placed into water-tight jars. They were then transported to Hart Crowser's
laboratory for further testing.
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Table B-1 - Summary of Historical Explorations

Sheet 1 of 2

. . Exploration . . . Exploration . . Bottom of | Bottom of | Bottom of Depth to
_ ID on Exploration | Exploration Northing (a)| Easting (a) Depth E_Ievat|on Elevation Elevation Log Author Exploration | Exploration Well Fill Depth Till Depth | Sand Depth | Water ATD
Figure B-1 ID Type : in Feet Source Datum Date Method Installed . . . .
in Feet (b) in Feet in Feet in Feet in Feet
B-1-92 B-1 Boring 301598 1283807 6.5 408 Log Unknown GEIl 9/24/1992 HSA No 15 4 6.5 None
B-2-92 B-2 Boring 301811 1283796 6.5 418 Log Unknown GEIl 9/23/1992 HSA No 1.5 4 6.5 None
B-3-92 B-3 Boring 302049 1283954 23.5 424 Log Unknown GEI 9/11/1992 HSA No 6.5 15.5 23.5 None
B-4-92 B-4 Boring 302156 1284076 53.5 430 Log Unknown GEIl 9/10/1992 HSA Yes 6 15 53.5 38
B-5-92 B-5 Boring 302637 1284280 9 417 Log Unknown GEI 9/10/1992 HSA No 1.5 9 -- None
B-6-92 B-6 Boring 302562 1284488 38.5 410 Log Unknown GEIl 9/9/1992 HSA Yes 6.5 38.5 - 9
B-7-92 B-7 Boring 302712 1284659 44 414 Log Unknown GEI 9/9/1992 HSA Yes 4 44 -- 11
B-8-92 B-8 Boring 302333 1284498 6.5 415 Log Unknown GEIl 9/23/1992 HSA No 15 6.5 - None
B-9-92 B-9 Boring 302115 1284593 9 408 Log Unknown GEI 9/11/1992 HSA No 4 9 -- None
B-10-92 B-10 Boring 302360 1285168 32.5 424 Log Unknown GEIl 9/14/1992 HSA No 15 32.5 - None
B-11-92 B-11 Boring 303028 1285093 9 431 Log Unknown GEI 9/11/1992 HSA No 2 9 -- None
B-12-92 B-12 Boring 303275 1285449 9 428 Log Unknown GEIl 9/11/1992 HSA No 6.5 9 - None
B-8-91 B-8 Boring -- -- 25 339 Log Unknown SW 8/21/1991 HSA No 11.5 -- 25 16
B-9-91 B-9 Boring - - 31 344 Log Unknown SW 8/21/1991 HSA No 19 31 28 16.5
B-23-92 B-23 Boring -- -- 35.8 337 Log Unknown SW 5/14/1992 HSA No 4 35.8 7 None
B-24-92 B-24 Boring -- -- 50.5 337 Log Unknown SW 5/29/1992 HSA No 7 40.5 -- None
B-29-92 B-29 Boring -- -- 60.5 361 Log Unknown SW 5/21/1992 HSA No 25.5 58 60.5 27
H-45-62 H-45 Boring 302833 1284963 23.6 427 Log Unknown WSDOT 4/18/1962 HSA No - 22 23.5 22
H-46-62 H-46 Boring 302834 1285308 47.5 431.5 Log Unknown WSDOT 4/19/1962 HSA No - 30 42.5 41
H-47-62 H-47 Boring -- -- 32.5 427 Log Unknown WSDOT 4/19/1962 HSA No - 27 32.5 15
H-7-62 H-7 Boring 300178 1281911 40.1 328 Log Unknown WSDOT 5/18/1962 Unknown No -- 40.1 -- 1
H-8-62 H-8 Boring 300194 1281951 35 330 Log Unknown WSDOT 5/1/1962 Unknown No -- 35 -- 2.5
H-9-62 H-9 Boring 300135 1281855 35 328 Log Unknown WSDOT 5/25/1962 Unknown No -- 35 -- 3
H-61-62 H-61 Boring 300360 1281924 22.5 346 Log Unknown WSDOT 5/2/1961 HSA No - 22.5 - None
H-62-62 H-62 Boring 300302 1281911 19 339 Log Unknown WSDOT 5/2/1962 HSA No -- 19 -- 10
H-63-62 H-63 Boring 300412 1282057 22.5 340 Log Unknown WSDOT 5/2/1962 HSA No 5 22.5 - 11
H-64-62 H-64 Boring 300271 1282028 18.2 339 Log Unknown WSDOT 5/2/1962 HSA No -- 18.2 -- 11
BH-1-95 BH-1 Boring 302740 1284228 215 414.3 Log Unknown HWA 6/19/1995 HSA No 6 8.5 17.5 None
BH-2-95 BH-2 Boring 302888 1284369 215 412.1 Log Unknown HWA 6/21/1995 HSA No 13.5 21.5 - 13.5
BH-3-95 BH-3 Boring 302330 1284126 41.5 431.9 Log Unknown HWA 6/19/1995 HSA No - 22 22 35
BH-4-95 BH-4 Boring 302432 1284326 51 420.2 Log Unknown HWA 6/21/1995 HSA No 4.5 13 43.5 30
BH-5-95 BH-5 Boring 302568 1284513 26.5 409.3 Log Unknown HWA 6/19/1995 HSA No 7 26.5 - 16.5
BH-6-95 BH-6 Boring 302709 1284558 26.5 409.4 Log Unknown HWA 6/19/1995 HSA No 7 17 22.5 7.5
BH-7-95 BH-7 Boring 302389 1284242 51 423.1 Log Unknown HWA 6/21/1995 HSA No 4.5 23.5 51 34
BH-8-95 BH-8 Boring 302841 1284840 51.5 422 Log Unknown HWA 6/22/1995 HSA No 4.5 33.5 51.5 35
BH-9-95 BH-9 Boring 302933 1284992 25.5 413 Log Unknown HWA 6/20/1995 HSA No - 25.5 - None
BH-10-95 BH-10 Boring 303060 1285248 26 417.1 Log Unknown HWA 6/22/1995 HSA No -- 19 26 None
BH-11-95 BH-11 Boring 303092 1285137 30.5 430.6 Log Unknown HWA 6/20/1995 HSA No - 13 30.5 None
BH-12-95 BH-12 Boring 303188 1285411 20.5 414.7 Log Unknown HWA 6/22/1995 HSA No -- 20.5 -- None
BH-13-95 BH-13 Boring 302767 1283698 21 422 Log Unknown HWA 11/3/1995 HSA No - 21 - None
BH-14-95 BH-14 Boring 302874 1284561 215 411 Log Unknown HWA 11/2/1995 HSA No 9 - 21.5 6
BH-15-95 BH-15 Boring 302911 1284876 20.5 424 Log Unknown HWA 11/2/1995 HSA No - 20.5 - None
BH-16-95 BH-16 Boring 302872 1285068 30.5 426 Log Unknown HWA 11/2/1995 HSA No -- 23 28 None
BH-17-95 BH-17 Boring 303085 1285352 21 405 Log Unknown HWA 11/2/1995 HSA No - 12.5 21 18.5
BH-18-95 BH-18 Boring 302578 1284702 26 419.5 Log Unknown HWA 11/10/1995 HSA No 7 22.5 26 22
BH-19-95 BH-19 Boring 302647 1284803 31 422.5 Log Unknown HWA 11/10/1995 HSA No 7 31 - 30 seep
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Table B-1 - Summary of Historical Explorations
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. . Exploration . . . Exploration . . Bottom of | Bottom of | Bottom of Depth to
_ ID on Exploration | Exploration Northing (a)| Easting (a) Depth E_Ievat|on Elevation Elevation Log Author Exploration | Exploration Well Fill Depth Till Depth | Sand Depth | Water ATD
Figure B-1 ID Type : in Feet Source Datum Date Method Installed . . . .
in Feet (b) in Feet in Feet in Feet in Feet
BH-20-96 BH-20 Boring 302732 1284662 80.5 415.5 Log Unknown HWA 3/20/1996 | Mud Rotary No 6.5 24 65-80.5 677
BH-501-99 BH-501 Boring 302964 1284693 18 412 Log Unknown HWA 3/29/1999 HSA No 11 18 - 10
BH-502-99 BH-502 Boring 302933 1284760 11 413 Log Unknown HWA 3/29/1999 HSA No 7.5 11 -- None
B-4-95 B-4-95 Boring 303219 1285450 39.5 414 Log Unknown CivilTech 5/1/1996 HSA No - 23.5 39.5 22.5
B-3-95 B-3-95 Boring 303050 1285596 40 400 Log Unknown CivilTech 11/17/1995 HSA No 3 20.5 40 20.5
B-5-95 B-5-95 Boring 303320 1285580 25 411 Log Unknown CivilTech 5/1/1996 HSA No - 17 25 17
B-1-06 B-1 Boring -- -- 51.5 437 Log Unknown Landau 2/13/2006 HSA No 27.5 51.5 -- 34
B-2-06 B-2 Boring -- -- 29.5 438 Log Unknown Landau 2/13/2006 HSA No 19 29.5 -- None
BH-01-99 BH-01 Boring -- -- 33.5 335 Log Unknown HWA 10/25/1999 HSA No 6.5 26 33.5 26
BH-02-99 BH-02 Boring - - 46 338 Log Unknown HWA 10/25/1999 HSA No - 35 41 35
BH-03-99 BH-03 Boring -- -- 60.4 344 Log Unknown HWA 11/17/1999 HSA No 6.5 33 60.4 33
BH-04-99 BH-04 Boring - - 60.75 351 Log Unknown HWA 11/16/1999 HSA No 3 487? 60.75 38
BH-05-99 BH-05 Boring - - 50.75 362 Log Unknown HWA 10/26/1999 HSA No 19 38 50.75 28
BH-11-99 BH-11 Boring -- -- 31.5 356 Log Unknown HWA 5/22/2008 HSA No 12.5 31 -- None
BH-12-99 BH-12 Boring -- -- 41.5 350 Log Unknown HWA 5/22/2008 HSA No 5 --/25/35 12/30/41.5 9
BH-13-99 BH-13 Boring - - 41.5 349 Log Unknown HWA 5/23/2008 HSA No - 10/35 20/41.5 12.5
B-1-08 B-1 Boring - - 215 - -- -- Riley 1/7/2008 HSA No - 21.5 - 4 seep
B-2-08 B-2 Boring - - 12.5 - -- -- Riley 1/7/2008 HSA No - 12.5 - None
B-1-78 B-1 Boring -- -- 19.3 395 Log Unknown EC 2/24/1978 HSA No 9.3 19.3 -- 8
B-2-78 B-2 Boring -- -- 20 395 Log Unknown EC 2/24/1978 HSA Yes 10.5 20 -- 8 ATD
B-3-78 B-3 Boring -- -- 15 400 Log Unknown EC 2/27/1978 HSA No 7 15 -- 6
B-1-03 B-1 Boring -- -- 19 432 Log Unknown ZZA 2/13/2003 HSA No 3.5 19 -- None
B-2-03 B-2 Boring -- -- 23.5 436 Log Unknown ZZA 2/13/2003 HSA No 4.5 23.5 -- None
B-3-03 B-3 Boring -- -- 18 434 Log Unknown ZZA 2/13/2003 HSA No 1.5 18 -- None
B-4-03 B-4 Boring -- -- 19 420 Log Unknown ZZA 2/13/2003 HSA No 1 19 -- None
B-5-03 B-5 Boring -- -- 18.5 419 Log Unknown ZZA 2/13/2003 HSA No 1.5 18.5 -- None
B-6-03 B-6 Boring -- -- 14 443 Log Unknown ZZA 2/13/2003 HSA No 1.5 14 -- None
B-1-99 B-1 Boring -- -- 16 450 Log Unknown DODDS 9/28/1999 HSA No 6 16 -- None
B-2-99 B-2 Boring -- -- 16 449 Log Unknown DODDS 9/28/1999 HSA No 8 16 -- None
B-3-99 B-3 Boring -- -- 16.5 447 Log Unknown DODDS 9/28/1999 HSA No 9 16.5 -- None
B-4-99 B-4 Boring -- -- 10.5 429 Log Unknown DODDS 9/28/1999 HSA No -- 10.5 -- None
B-5-99 B-5 Boring -- -- 10.5 429 Log Unknown DODDS 9/28/1999 HSA No -- 10.5 -- None
B-6-99 B-6 Boring -- -- 9 433 Log Unknown DODDS 9/28/1999 HSA No -- 9 -- None
MW-1-93 71946 MW 301099 1281535 12.5 - - - McG 6/18/1993 HSA Yes 2 12.5 - 9
MW-1-94 R26153 MW 301675 1281838 15 - - - CGl 5/9/1994 HSA Yes - 23 - 4
MW-1-90a 22726 MW 301390 1281808 19 - - - G&D 1/22/1990 HSA Yes 12 19 - 10
MW-1-90b 40671 MW 301830 1281905 28 - - - G&D 4/18/1990 HSA Yes - 28 - -
MW-1-99 43124 MW 302927 1283642 55 - - - EWE 2/18/1999 Unknown Yes - 40 55 45
Notes:

-- = Data not available.
HSA = Hollow-Stem Auger.
a = Coordinates are from GeoMapNW.com database.
b = Authors are identified below.
G&D = Geoboring and Development.
McG = McGarret Drilling, Inc.

b = Authors continued:
CGIl = Cascade Geotecnical, Inc.

EWE = Environmental West Explorations

DODDS = DODDS Geosciences, Inc.
HWA = Hong West Associates
SW = Shannon & Wilson, Inc.

b = Authors continued:
WSDOT = Washington State Department of Transportation.
CivilTech = CivilTech Corporation.
Riley = The Riley Group, Inc.
Landau = Landau Associates.

EC = Earth Consultants, Inc.

b = Authors continued:

GEI = GeoEngineers, Inc.

ZZA = Zipper Zeman Associates, Inc.
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APPENDIX C
LABORATORY TESTING PROGRAM

A laboratory testing program was performed to evaluate the basic index and
geotechnical engineering properties of the site soils. The tests performed and
the procedures followed are outlined below.

Soil Classification

Ten soil samples from the explorations were visually classified in the field and
then taken to our laboratory, where the classifications were verified in a
relatively controlled environment. Field and laboratory observations include
density/consistency, moisture condition, and grain size estimates.

The classifications of selected samples were verified with laboratory tests,
including grain size analyses. Classifications were made in general accordance
with the Unified Soil Classification (USC) System, ASTM D 2487, as presented
on Figure C-1.

Water Content Determinations

Water contents were determined for most of the samples recovered from the
explorations in general accordance with ASTM D 2216, as soon as possible
following their arrival in our laboratory. The results of the water content tests are
plotted at the respective sample depth on the exploration logs.

Grain Size Analysis (GS)

Grain size distribution was analyzed on representative samples in general
accordance with ASTM D 422. Wet sieve analysis was used to determine the
size distribution greater than the U.S. No. 200 mesh sieve. The results of the
tests are presented as curves on Figures C-2 through C-5 plotting percent finer
by weight versus grain size.
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