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Dear Mr. Welch,
PanGEO has completed a geotechnical study to assist the project team with the design and
construction of the proposed expansion including a new secondary clarifier and splitter
box, oxidation ditch, aerobic digester, headworks, solid building, and pump station in the
Sultan Wastewater Treatment Plant in Sultan, Washington. The results of our study and
our recommendations are summarized in the attached report.
In summary, from the geotechnical engineering perspective, it is our opinion that the
proposed project may be constructed as planned. The risk of soil liquefaction at the site is
low to moderate during an IBC design level seismic event. In our opinion, the proposed
structures can be supported on structural slabs or mat, with the understanding that up to 1
to 2 inches of settlement may occur during the design-level earthquake. The use of flexible
pipe connections may be considered to accommodate the liquefaction-induced ground
settlement. The excavation for the proposed structures such as secondary clarifier, splitter
box, and oxidation ditch will extend below the groundwater level at the site, which in our
opinion will require construction dewatering during construction.

________________________________________________
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Seattle, WA 98102
Tel. (206) 262-0370

Geotechnical Report
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We appreciate the opportunity to be of service. Should you have any questions, please
do not hesitate to call.
Sincerely,

Yi-Hsun William Chao, P.E.
Senior Geotechnical Engineer
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GEOTECHNICAL REPORT
SULTAN WASTEWATER TREATMENT PLANT EXPANSION
SULTAN, WASHINGTON
1.0 GENERAL
PanGEO completed a geotechnical study for the proposed improvements at the Wastewater
Treatment Plant in Sultan, Washington. The purpose of our geotechnical study was to evaluate the
subsurface conditions at the site and provide geotechnical recommendations pertinent to the design
and construction of the project. Our services included conducting a site reconnaissance, reviewing
geology maps, drilling five test borings, conducting laboratory tests, and developing the
conclusions and recommendations presented in report.
2.0 SITE AND PROJECT DESCRIPTION
The existing Sultan Wastewater Treatment Plant is located at the northwest corner of U.S.
Highway 2 and Albion Street in Sultan, Washington (see Figure 1 – Vicinity Map). We understand
that the proposed expansion will be located in the east, south, and west portions of the existing
wastewater treatment plant (see Figure 2). The current surface conditions within the footprint of
the proposed structures generally consist of undeveloped land. The aerial photo of the site is shown
in Plate 1, below.

Plate 1. Existing Sultan Wastewater Treatment Plant (source: Google map)
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Based on the information provided to us, the existing site grades generally descend from west to
east, with a total elevation relief of about 12 feet. The ground surface elevations within the
proposed structures are at about Elevation +111 to 113 feet in the east portion of the site and about
Elevation +125 to 126 feet (NAVD88).
The major elements of the proposed expansion include a new secondary clarifier and splitter box,
oxidation ditch, aerobic digester, headworks, solid building, and pump station. Based on the
information provided to us, the planned excavation depth for the proposed structures are
summarized in Table 1, below.
Table 1.

Estimated Excavation Depth and Elevation for Proposed Structures
Approx.
Ground
Surface
Elevation

Anticipated
Depth of
Structure

Estimated Elevation at
Bottom of Excavation
(NAVD 88)

Secondary Clarifier

+111½ ft

~17 ft (bottom of
clarifier
centerwell)

+94.33 ft

Secondary Clarifier
Splitter Box

+111½ ft

16 ft

+95½ ft

Oxidation Ditch &
Aerobic Digester

+113.2 ft

10½ ft

+102.83 ft

Headworks

+126.6 ft

14 ft

+112¾ ft

Pump Station

+126 ft

14½ ft

+111½ ft

At-grade

To competent
bearing soils
(Elevation +120½ ft)

Proposed Structure

Solids Handling
Building
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3.0 SUBSURFACE EXPLORATIONS
3.1 TEST BORING
A total of five test borings (PG-1 through PG-5) were drilled at the site on February 9, 2021, to
about 20 to 31 feet below the existing grade. The approximate test boring locations are indicated
on Figure 2. The test borings were drilled using a track-mounted drill rig equipped with 6- and 10inch outside diameter hollow stem augers, and soil samples were obtained from the boring in
general at 2½- and 5-foot depth intervals.
Standard penetration tests (SPT) were performed in the borings using a 2-inch outside diameter
split-spoon sampler. Modified California Samplers (3-inch outside diameter) were also used to
improve the recovery of the soil samples with in gravelly zones. Both samplers were generally
driven into the soil a distance of 18 inches using a 140-pound hammer falling a distance of 30
inches (rope and cat-head mechanism). The number of blows required for each 6-inch increment
of sampler penetration was recorded. The number of blows required for the 2-inch sampler to
achieve the last 12 inches of sample penetration is defined as the SPT N-value. The N-value
provides an empirical measure of the relative density of cohesionless soil, or the relative
consistency of fine-grained soils. The penetration resistance with the 3-inch samplers are not
equivalent to SPT N-values, and should be used with engineering judgement and in conjunction
with SPT N-values in similar geologic units at the site.
A geologist from PanGEO was present throughout the field exploration program to observe the
drilling, assist in sampling, and to document the soil samples obtained from the borings. The soil
samples retrieved from the borings were described using the system outlined on Figure A-1 of
Appendix A and the summary boring logs are included as Figures A-2 through A-6.
A 2-inch diameter open-pipe piezometer was installed in boring PG-5. Details of the piezometer
construction are included with the summary boring logs in Appendix A.
3.2 LABORATORY TESTING
Representative soil samples were selected for laboratory testing. The tests included grain size
distribution and natural moisture contents. The test results are included in Figures B-1 and B-2
in Appendix B of this report.
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4.0 SUBSURFACE CONDITIONS
4.1 GEOLOGY
We reviewed the geologic map of the Skykomish River area compiled by Tabor and others (1993),
which indicates the project site is underlain by Older Alluvium (geologic unit: Qao). Older
Alluvium typically consists of sand, silt, and gravels deposited by streams.
4.2 SOILS
In summary, three soil layers were encountered in our test borings, as summarized below:
Soil Unit 1: Fill– This unit was encountered at the ground surface in test borings PG-1 and
PG-2 in the west portion of the site. No significant amount of fill was encountered in PG-3
through PG-5. The fill was about 3 to 4½ feet thick in PG-1 and PG-2, and generally consisted
of very loose to loose, sand and silt.
Soil Unit 2: Older Alluvium (Qao) – Alluvium was encountered in all test borings. This unit
primarily consisted of loose to medium dense, slightly silty to silty, predominately sand and
gravel with a varying amount of silt. A thin layer of sandy silt with clay was also found in
PG-3 and PG-4 at about 6 feet below the existing grade at the proposed oxidation ditch and
aerobic digester location. Gravel layers with cobbles and potential boulders in Soil Unit 2
were found between about 4½ and 23 feet deep below the existing grade in the west portion
of the site and between about 7 and 18 feet below the existing grade in the east portion of the
site. Please noted that the size of gravels encountered in the test borings generally was not
representative of actual conditions due to the limited sizes of soil samplers.
Soil Unit 2 extended to the maximum depths of all borings. We interpret Soil Unit 2 as
native Older Alluvium, which confirmed the mapped geology.
Soil Unit 3: Pre-Fraser Deposits – Below Soil Unit 2, The Pre-Fraser deposits were
encountered in PG-3 through PG-5 in the east portion of the site. In our opinion, this unit
could exist in the east portion of the site at depths below the maximum boring depths in PG1 and PG-2 (i.e. 20 to 31 feet). This soil unit generally consisted of medium dense to dense,
poorly graded silty fines sand, predominately sand and gravel with a varying amount of silt.
We interpret Soil Unit 3 as native Pre-Fraser deposits.

21-027 Sultan WWTP_Rpt

Page 4

PanGEO, Inc.

Geotechnical Report
Sultan Wastewater Treatment Plant Expansion, Sultan, WA
October 29, 2021
4.3 GROUNDWATER
Groundwater was encountered during drilling in all borings except PG-2. The groundwater levels
encountered in the test borings at the time of drilling and groundwater level readings from the
piezometer in PG-5 are summarized in Table 2 below. Plate 2 (Page 6) also shows the plot of
the groundwater levels in the piezometer and the recorded 24-hour precipitation in Sultan versus
time. The precipitation data was obtained from the National Climatic Data Center.
Table 2.
Test Boring

Approx. Groundwater Depth Encountered in Test Borings

PG-1

Approx.
Groundwater
Depth/Elevation
(NAVD 88)
Associated
Nearby Proposed
Structure
Anticipated
Excavation Depth
(approx.)

PG-3

PG-4

PG-5
Piezometer

PG-5

Groundwater
level readings
between
2/10/2021 and
10/13/2021

2/9/2021 (at the time of drilling)

Date

Approx. Ground
Surface Elevation at
Boring Location
(NAVD 88)

PG-2

EL+126’

EL+125’

24 ft
(EL+102’)

Not
encountered to
EL +105 ft
during drilling

Headworks

Solids
Handling
Building &
Pump Station

Oxidation Ditch and
Aerobic Digester

Secondary Clarifier and
Splitter Box

14 ft

5 ft
(Building);
14½ ft (Pump
Station)

10½ ft

16 to 17 ft

EL+113’

4 ft
(EL+109’)

EL+115’

11 ft
(EL+104’)

EL+113’

EL+112’

9 ft
(EL+104’)

Between 6.8
and 9.9 ft
(EL+105.2 and
+102.1 ft)

In general, the groundwater levels observed in the test borings and monitoring wells ranged from
about Elevation +102 and +109 feet (NAVD 88). However, we understand the water level could
rise to about Elevation +117 to +119 feet (NAVD88) based on the Base Flood Elevation indicated
in the FEMA Flood Insurance Rate Map.
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Fluctuation of Site Groundwater Level – As shown in Plate 2 below, the groundwater level at
the site correlates well with precipitations. The recorded groundwater level rose up to about 1½
feet after about ½ to 1½ inches of precipitation occurred.
It should be noted that the groundwater level could also fluctuate depending on the localized
variation in subsurface conditions, the water level in the nearby Sultan River, precipitations, and
other factors.

106

2.5

105

2

104

1.5

103

1

102

0.5

101
2/8/21

3/11/21

4/11/21

5/12/21

6/12/21

Date

Water Level

Plate 2.

7/13/21

8/13/21

9/13/21

Precipitation in 24 hours (inches)

Water Level in Elevation (feet)

Groundwater Levels and Precipitation vs. Time

0
10/14/21

Precipitation

Measured Groundwater Levels in PG-5 and Precipitation vs. Time
5.0 SEISMIC DESIGN CONSIDERATIONS

5.1 SEISMIC DESIGN PARAMETERS
The 2018 International Building Code (IBC) seismic design section provides a basis for seismic
design of structures, which specifies a design earthquake having a 2% probability of occurrence
in 50 years (return interval of 2,475 years), and the 2014 USGS seismic hazard maps. Because
the site soils may liquefy, Site Class F may be considered for the site. However, we anticipate
that the natural period of the proposed structures are less than 0.5 seconds. Therefore, it is our
opinion that Site Class D is appropriate for this project.
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The 2018 IBC and ASCE 7-16 requires a site-specific ground response analysis for Site Class D,
unless Exception 2 in ASCE 7-16 Section 11.4.8 can be met. PanGEO is available to perform
the site-specific ground response analysis.
Code-Based Seismic Design Parameters – If Exception 2 in ASCE 7-16 Section 11.4.8 can be
met, the code-based seismic parameters in Table 3, below, maybe used in lieu of a site-specific
ground response analysis.
Table 3 – 2018 IBC Seismic Design Parameters

IBC
Year

2018

Site
Class

Spectral
Acceleration at
0.2 sec. (g)

Spectral
Acceleration
at 1.0 sec. (g)

SS

S1

1.038

0.364

D

Site
Coefficients

Design Spectral
Response
Parameters

Fa

Fv

SDS

SD1

1.085

1.94*

0.751

0.471*

*Valid only if the Exception 2 in ASCE 7-16 Section 11.4.8 can be met.

The above spectral response accelerations were obtained from the SEAOC/OSHPD website
http://seismicmaps.org for the project latitude and longitude.
5.2 SOIL LIQUEFACTION
Soil liquefaction is a condition where saturated cohesionless soils undergo a substantial loss of
strength due to the build-up of excess pore water pressures resulting from cyclic stress induced by
earthquakes. Soils most susceptible to liquefaction are loose, uniformly graded sands and loose
silts with little cohesion.
In our opinion, due to the presence of significant amounts of gravel at various depths, the potential
of soil liquefaction as a result of pore pressure buildup within the sand and gravel layers is low to
moderate. If soil liquefaction occurs during a design-level earthquake, we estimate that up to about
1 to 2 inches of settlement may occur.
Other liquefaction-related hazards such as lateral spreading is not anticipated to impact the
proposed structures due to a relatively flat ground surface at the site, the soil conditions at the site,
and a horizontal clearance of over 200 feet between the proposed structures and the Sultan River
to the north of the site.
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6.0 DESIGN RECOMMENDATIONS
6.1 FOUNDATION SUPPORT
6.1.1 General
Based on the subsurface conditions at the site, it is our opinion that native and undisturbed Soil
Unit 2 is suitable to support the proposed structures. To reduce the impact of potential liquefactioninduced differential ground settlement on the proposed structures, it is our opinion that the
proposed structures should be founded on a structural slab or a mat foundation bearing on a
minimum of 1 foot of compacted crushed surfacing base course (CSBC, WSDOT 9-03.9(3) of the
2021 WSDOT Standard Specification) placed on native and undisturbed Soil Unit 2.
Please note that differential settlement may still occur within the structural slab or mat foundation
as a result of soil liquefaction in the event of a design level earthquake.
Foundation Performance – Under the static loading condition, we estimated the structural slab
or mat settlement to be approximately ½ inch with differential settlement on the order of ¼ inch.
During a design-level earthquake, we anticipate a foundation settlement up to about 1 to 2 inches
could potentially occur due to liquefaction, and the differential settlements should be about ½ to
one inch.
If a higher level of foundation performance is required for the proposed structures, it is our opinion
that the proposed structural slab or mat bearing on improved ground consisting of aggregate piers
may be considered for this project. We can provide additional recommendations for the ground
improvement options upon request.
The following include our recommended design parameters for the structural slab or mat and
subgrade preparation for each proposed structure:
6.1.2 Secondary Clarifier and Splitter Box
The proposed secondary clarifier and splitter box will be located just east of the existing clarifiers
#1 and #2 (see location in Figure 2). Based on the information provided to us, we understand that
the bottom centerwell portion of the proposed secondary clarifier will be located about 17 feet
below the existing grade, or at about Elevation +94.33 feet (NAVD 88), and the proposed splitter
box will be located about 16 feet below the existing grade, or at about Elevation +95½ feet (NAVD
88)
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Based on the results of nearby boring PG-5, the soils at the design base slab elevation will likely
consist of medium dense, silty fine sand (Soil Unit 2).
We recommend that the proposed secondary clarifier and splitter box be founded on a structural
slab or a mat foundation on a minimum of 1 foot of compacted CSBC placed on native and
undisturbed Soil Unit 2. If gravel layers are present at the design subgrade elevations, we
recommend that a non-woven geotextile filter fabric (minimum unit weight of 8 ounces per square
yard) be placed at the interface between the CSBC and native gravel layer to prevent the migration
of the fines into the voids of the native coarse-grained soils.
For design purposes, we recommend a maximum allowable soil bearing pressure of 3,000 pounds
per square foot (psf). For elastic analysis, a subgrade modulus of 150 pci may be used for design
calculations. The allowable bearing pressure may be increased by one-third for short-term loadings
such as wind loads, but should not be increased for seismic loads due to the potential for soil
liquefaction.
Groundwater was encountered in PG-5 at about 8.6 feet below the existing grade at the time of
drilling, or at about Elevation +104½ feet (NAVD88), on February 9, 2021. The piezometer in
PG-5 indicate the groundwater levels fluctuates between the depths of about 6.8 and 9.9 feet
(Elevation +105.2 and +102.1 feet, respectively) between February 10 and October 13, 2021. We
anticipate the groundwater to be present above the bottom of the proposed excavation. During
construction, the groundwater should be lowered and maintained at a depth of at least 2 feet below
the bottom of the excavation to promote the stability of the excavated slopes and foundation
subgrade. The conceptual recommendations for construction dewatering are included in Section
7.3 of this report.
6.1.3 Oxidation Ditch and Aerobic Digester
The proposed oxidation ditch and aerobic digester will be located in the southeast portion of the
site (see location in Figure 2). Based on the information provided to us, we understand that the
base of the proposed structures will be located about 10½ feet below the existing grade, or at about
Elevation +102.83 feet (NAVD 88).
Based on the results of nearby borings PG-3 and PG-4, the soils at the design base slab elevation
will likely consist of medium dense, sandy gravel (Soil Unit 2).
We recommend that the proposed oxidation ditch and aerobic digester be founded on a structural
slab or a mat foundation on a minimum of 1 foot of compacted CSBC placed on native and
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undisturbed Soil Unit 2. We recommend that a non-woven geotextile filter fabric (minimum unit
weight of 8 ounces per square yard) be placed at the interface between the CSBC and native gravel
layer to prevent the migration of the fines.
For design purposes, we recommend a maximum allowable soil bearing pressure of 3,000 pounds
per square foot (psf). For elastic analysis, a subgrade modulus of 150 pci may be used for design
calculations. The allowable bearing pressure may be increased by one-third for short-term loadings
such as wind loads, but should not be increased for seismic loads due to the potential for soil
liquefaction.
Groundwater was encountered at about 4 feet deep (Elevation +109 feet) in PG-3 and about 11
feet deep (Elevation +104 feet) in PG-4 at the time of drilling on February 9, 2021. We anticipate
the groundwater to be present above the bottom of the proposed excavation. As such, the
construction dewatering will be needed for the proposed excavation. The conceptual
recommendations for construction dewatering are included in Section 7.3 of this report.
6.1.4 Headworks
The proposed headworks will be located in the south portion of the site (see location in Figure 2).
Based on the information provided to us, we understand that the base of the proposed headworks
will be located about 14 feet below the existing grade, or at about Elevation +112¾ feet (NAVD
88).
Based on the results of nearby boring PG-1 the soils at the design base slab elevation will likely
consist of medium dense, gravelly sand to sandy gravel (Soil Unit 2).
We recommend that the proposed headworks be found on a structural slab or a mat foundation on
a minimum of 1 foot of compacted CSBC placed on native and undisturbed Soil Unit 2. We
recommend that a non-woven geotextile filter fabric (minimum unit weight of 8 ounces per square
yard) be placed at the interface between the CSBC and native gravel layer to prevent the migration
of the fines.
For design purposes, we recommend a maximum allowable soil bearing pressure of 3,000 pounds
per square foot (psf). The allowable bearing pressure may be increased by one-third for shortterm loadings such as wind loads, but should not be increased for seismic loads due to the potential
for soil liquefaction.
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6.1.5 Solids Handling Building
The proposed solids handling building will be located in the southwest portion of the site (see
location in Figure 2). Based on the information provided to us, we understand that proposed solids
handling building will be at-grade with potentially drain trenches that extend to about 2½ feet
deep.
Based on the results of nearby test boring PG-2, we anticipate soils at the location of the proposed
solids handling building consist of about 4½ feet of loose fill over native medium dense sand and
gravel. We recommend that all loose fill below the foundation level be removed and replaced with
properly compacted CSBC. The over-excavation should extend at least 2 feet horizontally beyond
the edge of the foundation. We recommend that a non-woven geotextile filter fabric (minimum
unit weight of 8 ounces per square yard) be placed at the interface between the CSBC and native
gravel layer to prevent the migration of the fines.
For design purposes, we recommend a maximum allowable soil bearing pressure of 4,000 pounds
per square foot (psf). The allowable bearing pressure may be increased by one-third for shortterm loadings such as wind loads, but should not be increased for seismic loads due to the potential
for soil liquefaction.
6.1.6 Pump Station
The proposed pump station will be located to the west of the proposed solids handling building in
the southwest portion of the site (see location in Figure 2). Based on the information provided to
us, we understand that the base of the proposed pump station will be located about 14 feet below
the existing grade, or at about Elevation +111½ feet (NAVD 88).
Based on the results of nearby boring PG-2 the soils at the design base slab elevation will likely
consist of medium dense to dense, sandy gravel (Soil Unit 2).
We recommend that the proposed headworks be found on a structural slab or a mat foundation on
a minimum of 1 foot of compacted CSBC placed on native and undisturbed Soil Unit 2. We
recommend that a non-woven geotextile filter fabric (minimum unit weight of 8 ounces per square
yard) be placed at the interface between the CSBC and native gravel layer to prevent the migration
of the fines.
For design purposes, we recommend a maximum allowable soil bearing pressure of 4,000 pounds
per square foot (psf). The allowable bearing pressure may be increased by one-third for short-

21-027 Sultan WWTP_Rpt

Page 11

PanGEO, Inc.

Geotechnical Report
Sultan Wastewater Treatment Plant Expansion, Sultan, WA
October 29, 2021
term loadings such as wind loads, but should not be increased for seismic loads due to the potential
for soil liquefaction.
6.2 BUOYANCY AND LIFT
The groundwater is present at the shallow depths at the site. We understand the site has been subject
to flooding from nearby Sultan River. Based on the FEMA Flood Insurance Rate Map, the site has
a base flood level at about Elevation +117 to 119 feet (NAVD88).
In our opinion, as a minimum, the proposed structures should be designed to resist the upward
buoyancy forces assuming water level as high as the FEMA flood level.
Structure should be designed to resist this upward force and to prevent possible heave and cracking
of its bottom. The weight of the structure and friction along the sides of the structure will resist
uplift forces, as illustrated in Figure 3; however, side friction should be ignored if the structure is
constructed against soldier pile timber lagging walls or bentonite waterproofing sheet installed on
the concrete surface of the structure. If needed, the base slabs of below-grade structures can be
extended outside its wall to increase its uplift resistance.
6.3 LATERAL EARTH PRESSURES AND LATERAL RESISTANCE
Lateral Earth Pressures – The walls should be designed to resist at-rest lateral earth pressures.
The buried walls of the structures should be designed for an equivalent fluid pressure of 55 pounds
per cubic foot (pcf) above the design groundwater elevation and 85 pcf below the design water
table. The above recommended earth pressures assume a backslope of no steeper than 5H:1V
(horizontal:vertical).
Permanent walls should be designed for an additional uniform lateral pressure of 8H psf for
seismic loading, where H corresponds to the buried depth of the wall.
If the below-grade structures or walls will be subjected to the influence of surcharge loading within
a horizontal distance equal to or less than the height of the walls, the walls should be designed for
the additional horizontal pressure calculated using a lateral pressure coefficient of 0.4.
In addition, due to the proximity of the Sultan River, the proposed structures are located adjacent
to a potential floodway and could be impacted by the flood flow during a flooding event. In our
opinion, the lateral forces due to the flood flow acting on the walls should be determined by a
hydraulic engineer.
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Lateral Resistance – Lateral loads on the structures may be resisted by passive earth pressure
developed against the embedded portion of the foundation system and by frictional resistance
between the bottom of the foundation and the supporting CSBC. We recommend that a frictional
coefficient of 0.4 may be used to evaluate sliding resistance developed between the concrete and
the compacted CSBC.
Allowable passive resistance in backfill should be computed using an equivalent fluid pressure of
300 pcf above the design water table and 200 pcf below the design water table, assuming properly
compacted structural fill will be placed against the mat foundation or structural slab.
The above values include a factor of safety of 1.5.
6.4 NEW UTILITIES
6.4.1 Trench Excavation
Trench excavations may be accomplished using conventional excavation equipment. All
excavations in excess of 4 feet in depth should be sloped in accordance with Washington
Administrative Code (WAC) 296-155, or be shored. Trench boxes are likely appropriate for this
project. It is the contractor’s responsibility to design and maintain the required temporary
excavation stability and dewatering to achieve a safe working condition.
We anticipate the trench excavation to encounter a sequence of existing fill and native sand and
gravel. Trench sidewalls may become unstable due to the granular nature of the on-site soils (i.e.,
lack of cohesion), especially when wet conditions are present. Where trench excavation will
extend into submerged soils, construction dewatering will be needed to lower the groundwater
level prior to trenching in order to reduce the risks of sidewall caving, and to achieve a stable
subgrade. The recommendations for construction dewatering are included in Section 7.3.
In our opinion, if needed, the trench boxes and/or steel plates with hydraulic braces are appropriate
for trench excavation support. As a minimum, all shoring systems should be designed to withstand
a lateral earth pressure of 45 pcf. Construction equipment, construction material, excavated soil,
and vehicular traffic should not be allowed within a horizontal distance equal to half the depth of
the excavation measured from the edge of the excavation, unless the shoring system has been
designed for the surcharge. A uniform lateral pressure of 80 psf may be used to account for a traffic
surcharge.
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6.4.2 Pipe Support and Bedding
In general, the existing fill consisting of sand and gravel (relatively free of organics, debris, and
roots) or the native soils are anticipated to provide adequate support for the new pipes. However,
very loose soils with organics that are present in PG-2 are unsuitable to support the pipes. All
unsuitable soils below the pipe invert should be removed and replaced with properly compacted
fill.
Where wet subgrade will be present at pipe invert elevation, the subgrade can be easily disturbed
and may require over-excavation. If unstable wet subgrade is encountered at pipe invert
elevation, we recommend overexcavating the trench by 1-foot, placing a non-woven geotextile
fabric at the base of the overexcavation, and backfilling the over-excavation with pipe bedding.
We also recommend that flexible pipe connections be used to reduce the risk of pipe damage due
to potential liquefaction-induced ground settlement (up to about 2 inches of earthquake-induced
settlement).
General recommendations relative to pipe bedding are presented below.
•

Pipe bedding material, placement, compaction, and shaping should be in accordance
with the project specifications and the pipe manufacturer’s recommendations. At a
minimum, the pipe bedding should meet the gradational requirements for Gravel
Backfill for Pipe Zone Bedding, Section 9-03.12(3) of the 2021 WSDOT Standard
Specifications;

•

Pipe bedding should be placed on relatively undisturbed native soils, fill consisting of
grave, or compacted imported fill. If the native subgrades are disturbed, the disturbed
material should be removed and replaced with compacted bedding material;

•

We recommend that a minimum 4-inch thickness of bedding material beneath the pipe
be provided. Pipe zone bedding shall be constructed in accordance with Section 708.3(1)C of the 2021 WSDOT Standard Specifications.

•

Pipe bedding material and/or backfill around the pipe should be placed in layers and
tamped to obtain complete contact with the pipe. In areas where a trench box is used,
the bedding material should be placed before the trench box is advanced.
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6.4.3 Trench Backfill
Trench backfill should consist of properly compacted granular fill as outlined in Section 7.1 of
this report. The trench backfill should be placed in 8- to 12-inch, loose lifts and compacted to at
least 90 percent maximum dry density, as determined using test method ASTM D1557. In paved
areas, the upper 2 feet of the backfill should be compacted to at least 95 percent maximum dry
density, per ASTM D1557.
If the construction is to occur during drier summer months, the on-site excavated soils consisting
of sand and gravel may be re-used as trench backfill, provided that the use of on-site soils is
approved by the project geotechnical engineer and the compaction requirements can be achieved.
Otherwise, the use of on-site soils should only be limited to non-structural areas where settlement
of trench backfill will not affect the use and operation of the facility.
During placement of the initial lifts, the trench backfill should not be bulldozed into the trench or
dropped directly on the pipe. Furthermore, heavy vibratory equipment should not be permitted
to operate directly over the pipe until a minimum of 2 feet of backfill has been placed over the
pipe. The backfill and compaction shall be in accordance with the pipe manufacturer’s
recommendations.
6.5 INFILTRATION SYSTEM
We understand that on-site infiltration system may be used to provide drainage for the proposed
impervious areas in the western portion of the site. The estimated infiltration rates based on grain
size distribution of soil samples obtained from the test borings PG-1 and PG-2 are discussed below.
We evaluated the soil infiltration rates using the Soil Grain Size Analysis Method outlined in
Chapter III-3.3.6 of the Stormwater Management Manual for Western Washington published by
Washington State Department of Ecology (WSDOE) in 2012 (amended in 2014). This method
correlates soil infiltration rates with D10, D60, D90 (grain diameters corresponding to 10%, 60%,
and 90% finer by weight) and fines contents determined by ASTM test method D-422. Our
analyses were based on the results of eight sieve analyses (ASTM 422) performed on the
representative samples retrieved from the test pits. The lab test results are presented in Appendix
B. We estimated the long-term soil infiltration rates at each test pit location, as summarized in
Table 4 (next page).
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Table 4.

Summary of Estimated Soil Infiltration Rates

Sample Description

D10 from
ASTM D-422
(mm)

Fine
Content
(%)

Estimated LongTerm (Design)
Infiltration Rate
(inch/hour)

PG-1 @ ~5 ft

Silty and Sandy GRAVEL

0.136

7.2

3.80

PG-2 @ ~5 ft

Sandy SILT

See Note a

51.2

0.24

Sample Depth
and
Location

Notes:

a

D10 of silt was assumed 0.001 millimeters.

In our opinion, on-site infiltration appears feasible. Because the site soils in the subject area consist
of interbedded silty and gravelly layers, it is our opinion that silt layers, if encountered at the
bottom of the infiltration feature during construction, should be over-excavated to native sandy to
gravelly soils and backfilled with suitable on-site sand/gravel, free-draining washed rock, or clean
crushed rock
The groundwater levels observed in the test borings PG-1 and PG-2 and the groundwater
monitoring well in PG-5 were as shallow as about Elevation +102 feet. The WSDOE manual
guidelines state that the base of all infiltration basins and trench systems should be at least 5 feet
above the seasonal high groundwater level.
7.0 EARTHWORK CONSIDERATIONS
7.1 STRUCTURAL FILL AND COMPACTION
The on-site sand and gravel (Soil Unit 2) may be used as structural fill, provided that the site soils
can be properly moisture conditioned and compacted to meet the project specifications. Imported
structural fill, if needed, should consist of Gravel Borrow, as described in Section 9-03.14 (1) of
the 2021 WSDOT Standard Specifications.
However, any backfill below the proposed structures should consist of imported Crushed
Surfacing Base Course (CSBC), as described in Section 6.1 of this report.
All structural fill should be moisture conditioned to near its optimum moisture content, placed in
loose, horizontal lifts less than 8 to 12 inches in thickness, and systematically compacted to a dense
and relatively unyielding condition and to at least 95 percent of the maximum dry density (per
ASTM D 1557), unless otherwise specified.
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7.2 TEMPORARY EXCAVATIONS
7.2.1 Unsupported Slope Cut
All temporary excavations should be performed in accordance with Part N of WAC (Washington
Administrative Code) 296-155. The contractor is responsible for maintaining safe excavation
slopes and/or shoring. For planning purposes, the temporary excavations may be sloped as steep
as 1.5H:1V above groundwater level and 2.5H:1V below groundwater level. However, the
maximum allowable slopes should be re-evaluated in the field during construction based on actual
observed soil conditions. During wet weather, the cut slopes may also need to be flattened to
reduce potential erosion.
Existing Structures and Utilities – If unsupported cuts are used, as a minimum, the top of the
excavation slope should be located at least 3 feet horizontally from the springline of the existing
pipes or the base of the nearby existing structures. Any excavation should not extend below
1.5H:1V projection line from the springline of the pipes or the base of the nearby existing
structures.
Alternatively, where space is not available for unsupported slope cut, it is our opinion that the
temporary shoring such as cantilevered soldier pile wall with timber lagging may be used to
support the excavation during construction. The following section include our recommendations
for soldier pile wall with timber lagging.
7.2.2 Temporary Soldier Pile Wall
The selection and design of the excavation shoring system should be made the responsibility of
the contractor. It is our opinion that conventional drilled-in-place soldier piles can be used. The
use and installation of sheetpiles, while maybe technically feasible, is likely to be difficult due to
the presence of gravel and cobbles. In addition, vibrations associated with sheetpile installation
may adversely impact the existing structures and utilities. It may be necessary to pre-drill and to
install the sheetpiles with a static press.
In general, a soldier pile wall typically consists of vertical steel beams placed in predrilled holes
and backfilled with lean-mix concrete. The vertical steel beams are typically spaced at 6- to 8-foot
horizontal spacing along the wall alignment, and spanned by timber lagging to support the adjacent
soil. As the top-down excavation occurs, and the steel beams are exposed, the lagging is placed
between the soldier piles to stabilize the vertical excavation.
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We recommend that the following design parameters be used for the soldier pile wall design:
Active Earth Pressure: 45 pcf with level backslope (assuming groundwater is 2 feet
below the bottom of the excavation)
Passive Resistance:

200 pcf (including a F.S of 1.5)

Lagging:

50% of the recommended lateral earth pressure

Above the bottom of excavation, the recommended active pressure should be applied over the full
width of the pile spacing. Below the bottom of excavation, the passive resistance should be
applied over two times the pile diameter and the active pressure applied over one single pile
diameter. The recommended passive earth pressure assumes level ground surface at the bottom
of the excavation. The soldier piles should have a minimum embedment of 8 feet.
Construction Consideration – It should be noted that the site soils are prone to sloughing. We
anticipate that the entire drilled depth of the soldier pile holes will need to be cased to prevent
holes from caving. During excavation, it may be necessary to limit the height of excavation for
placement of timber lagging. Alternatively, the use of steel plates for lagging may also be
considered. The steel plates may be removed after the basement wall constructed and backfilled.
Performance Monitoring – Because ground deformations will occur due to the excavation (open
cut or shored), we recommend that survey points be installed on every other soldier pile and on
adjacent structures to monitor the potential movement during excavation.
7.3 CONSTRUCTION DEWATERING
The excavations for the proposed structures are anticipated to encounter groundwater. Uncontrolled groundwater flows will likely result in running-sand conditions, and hence erosion and
instability of the excavation slopes. The design and implementation of the construction
dewatering system should be the responsibility of the contractors.
It may be beneficial for the proposed construction to occur during dry season, as the groundwater
levels typically are the lowest, to reduce the effort for construction dewatering.
As discussed in Section 4.3, the groundwater level at the site corelates well with the precipitation,
and the groundwater level could fluctuate with the water level in the nearby Sultan River. The
groundwater level could rise to about Base Flood Elevations 117 to 119 feet (NAVD 88) based on
the FEMA Flood Insurance Rate Map.
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We understand the excavation for the proposed secondary clarifier and splitter box will extend to
as deep as about Elevation +94 to 95½ feet, which will be as much as about 11 feet below the
groundwater levels at Elevations +102.1 to 105.2 feet we measured in February and October 2021.
Also, the excavation for the base of the proposed oxidation ditch and aerobic digester at about
Elevation 102¾ feet will extend below the groundwater level. At these locations, it is our opinion
that several deep dewatering wells around the perimeter of the excavation likely will be needed to
control the groundwater level for construction. If used, it is our opinion that the installation of the
deep wells should be drilled with casings to prevent holes from caving.
The contractor may also consider the use of temporary excavation shoring such as a temporary
sheetpile wall to reduce the amount of earthwork, and also to reduce the required dewatering
efforts by partially cutting off the flow of groundwater into the excavation. However, vibrations
associated with the installation of sheetpiles could adversely impact the existing facilities. It may
be necessary to pre-drill and to install the sheetpiles with a static press.
7.4 WET WEATHER CONSTRUCTION
Earthwork construction is typically most economical if performed during the drier summer
months. If earthwork is accomplished in wet weather, the following best management practices
should be considered:
•

All footing surface should be protected against inclement weather. It is the
contractor’s responsibility to protect the footing subgrade from disturbance.
Alternatively, contractor can place a 2- to 3-inch of lean-mix concrete or 4 to 6 inches
of CSBC (WSDOT 9-03.9(3) of the 2021 WSDOT Standard Specification) as soon as
the subgrade is exposed.

•

Earthwork should be performed in small areas to minimize subgrade exposure to wet
weather. Excavation or the removal of unsuitable soil should be followed promptly
by the placement and compaction of clean structural fill. The size and type of
construction equipment used may have to be limited to prevent soil disturbance.

•

During wet weather, the allowable fines content of the structural fill should be reduced
to no more than 5 percent by weight based on the portion passing ¾-inch sieve. The
fines should be non-plastic.

•

The ground surface within the construction area should be graded to promote run-off
of surface water and to prevent the ponding of water.
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•

Barriers and pumps shall be used to prevent run-off from entering excavations.

•

Bales of straw and/or geotextile silt fences should be strategically located to control
surface water and to limit erosion.

•

Excavation slopes and soils stockpiled on-site should be covered with plastic sheets
during periods of wet weather.

7.5 SURFACE DRAINAGE AND EROSION CONSIDERATIONS
Surface runoff can be controlled during construction by careful grading practices. Typically, this
includes the construction of shallow, upgrade perimeter ditches or low earthen berms in
conjunction with silt fences to collect runoff and prevent water from entering excavations or to
prevent runoff from the construction area from leaving the immediate work site. All collected
water should be treated if necessary to comply with water quality standards prior to discharge or
conveyance to permanent discharge system.
Permanent control of surface water should be incorporated in the final grading design. Adequate
surface gradients and drainage systems should be incorporated into the design such that surface
runoff is directed away from the structures.
8.0 UNCERTAINTY AND LIMITATIONS
We have prepared this report for use by Gray & Osborne and other project team members.
Recommendations contained in this report are based on a site reconnaissance, a subsurface
exploration program, review of existing subsurface data at the site, review of pertinent geologic
publications, and our understanding of the project. The study was performed using a mutually
agreed-upon scope of work.
Variations in soil conditions may exist between the locations of the explorations and the actual
conditions underlying the site. The nature and extent of soil variations may not be evident until
construction occurs. If any soil conditions are encountered at the site that are different from those
described in this report, we should be notified immediately to review the applicability of our
recommendations. Additionally, we should also be notified to review the applicability of our
recommendations if there are any changes in the project scope.
The scope of our work does not include services related to construction safety precautions. Our
recommendations are not intended to direct the contractors’ methods, techniques, sequences or
procedures, except as specifically described in our report for consideration in design.
21-027 Sultan WWTP_Rpt

Page 20

PanGEO, Inc.

Geotechnical Report
Sultan Wastewater Treatment Plant Expansion, Sultan, WA
October 29, 2021
Additionally, the scope of our work specifically excludes the assessment of environmental
characteristics, particularly those involving hazardous substances. We are not mold consultants
nor are our recommendations to be interpreted as being preventative of mold development. A
mold specialist should be consulted for all mold-related issues.
This report may be used only by the client and for the purposes stated, within a reasonable time
from its issuance. Land use, site conditions (both off and on-site), or other factors including
advances in our understanding of applied science, may change over time and could materially
affect our findings. Therefore, this report should not be relied upon after 24 months from its
issuance. PanGEO should be notified if the project is delayed by more than 24 months from the
date of this report so that we may review the applicability of our conclusions considering the time
lapse.
It is the client’s responsibility to see that all parties to this project, including the designer,
contractor, subcontractors, etc., are made aware of this report in its entirety. The use of
information contained in this report for bidding purposes should be done at the contractor’s option
and risk. Any party other than the client who wishes to use this report shall notify PanGEO of
such intended use and for permission to copy this report. Based on the intended use of the report,
PanGEO may require that additional work be performed and that an updated report be reissued.
Noncompliance with any of these requirements will release PanGEO from any liability resulting
from the use this report.
Within the limitation of scope, schedule and budget, PanGEO engages in the practice of
geotechnical engineering and endeavors to perform its services in accordance with generally
accepted professional principles and practices at the time the Report or its contents were prepared.
No warranty, express or implied, is made.
We appreciate the opportunity to be of service to you on this project. Please feel free to contact
our office with any questions you have regarding our study, this report, or any geotechnical
engineering related project issues.
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Sincerely,

Yi-Hsun William Chao, P.E.
Senior Geotechnical Engineer

Siew L. Tan, P.E.
Principal Geotechnical Engineer
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Proposed Wall

Finished
Grade

Ws
60 deg

Buried
Depth:

Hydrostatic
Head

Unit Side
Friction: f = 4D psf

D (ft)

H

B

Notes:

Net Uplift pressure
below structure = 62.4(H) psf

(1) Where foundation extends beyond the footprint of the structure
(left hand side of the diagram), the uplift resistance should be
computed as the sum of the weight of the structure, plus the
weight of the soil wedge (Ws). Ws should be computed using
an effective soil unit weight of 60 pcf.

(Side friction should be Ignored
if the structure is constructed
against soldier pile timber lagging
wall or (bentonite) waterproofing
sheet installed on the concrete
surface of the structure)

(2) Without the extended foundation lid (right hand side of the
diagram), the uplift resistance should be computed as the
sum of the weight of the structure, plus the side friction at the
soil-structure interface.

Sultan WWTP Expansion
Sultan, Washington

DESIGN PARAMETERS FOR
UPLIFT RESISTANCE
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APPENDIX A
SUMMARY BORING LOGS

TEST SYMBOLS

RELATIVE DENSITY / CONSISTENCY
SAND / GRAVEL
SILT / CLAY
Density
Very Loose
Loose

SPT
N-values

Approx. Relative
Density (%)

<4

<15

4 to 10

15 - 35

10 to 30

Med. Dense

35 - 65

30 to 50

Dense

65 - 85

>50

Very Dense

85 - 100

Consistency
Very Soft
Soft
Med. Stiff

SPT
N-values

Approx. Undrained Shear
Strength (psf)

<2

<250

Con

2 to 4

250 - 500

DD

Dry Density

500 - 1000

DS

Direct Shear

1000 - 2000

%F

Fines Content

15 to 30

2000 - 4000

GS

Grain Size

>30

>4000

4 to 8

Stiff

8 to 15

Very Stiff
Hard

for In Situ and Laboratory Tests
listed in "Other Tests" column.

UNIFIED SOIL CLASSIFICATION SYSTEM
MAJOR DIVISIONS
50% or more of the coarse
fraction retained on the #4
sieve. Use dual symbols (eg.
GP-GM) for 5% to 12% fines.

GW Well-graded GRAVEL

GRAVEL (>12% fines)

Sand

SAND (<5% fines)

50% or more of the coarse
fraction passing the #4 sieve.
Use dual symbols (eg. SP-SM)
for 5% to 12% fines.

SAND (>12% fines)

Liquid Limit < 50
Silt and Clay
50%or more passing #200 sieve

Liquid Limit > 50
Highly Organic Soils

Atterberg Limit Test
Compaction Tests

Perm
PP
R

GROUP DESCRIPTIONS

GRAVEL (<5% fines)

Gravel

ATT
Comp

GP

Poorly-graded GRAVEL

GM

Silty GRAVEL

GC

Clayey GRAVEL

SW

Well-graded SAND

SP

Poorly-graded SAND

SM

Silty SAND

SC

Clayey SAND

ML

SILT

CL

Lean CLAY

OL

Organic SILT or CLAY

MH

Elastic SILT

CH

Fat CLAY

OH

Organic SILT or CLAY

PT

PEAT

Consolidation

Permeability
Pocket Penetrometer
R-value

SG

Specific Gravity

TV

Torvane

TXC

Triaxial Compression

UCC

Unconfined Compression

SYMBOLS

Sample/In Situ test types and intervals

2-inch OD Split Spoon, SPT
(140-lb. hammer, 30" drop)
3.25-inch OD Spilt Spoon
(300-lb hammer, 30" drop)
Non-standard penetration
test (see boring log for details)
Thin wall (Shelby) tube

Grab

Notes: 1. Soil exploration logs contain material descriptions based on visual observation and field tests using a system

modified from the Uniform Soil Classification System (USCS). Where necessary laboratory tests have been
conducted (as noted in the "Other Tests" column), unit descriptions may include a classification. Please refer to the
discussions in the report text for a more complete description of the subsurface conditions.

Rock core

2. The graphic symbols given above are not inclusive of all symbols that may appear on the borehole logs.
Other symbols may be used where field observations indicated mixed soil constituents or dual constituent materials.

Vane Shear

DESCRIPTIONS OF SOIL STRUCTURES
Layered: Units of material distinguished by color and/or
composition from material units above and below
Laminated: Layers of soil typically 0.05 to 1mm thick, max. 1 cm
Lens: Layer of soil that pinches out laterally
Interlayered: Alternating layers of differing soil material
Pocket: Erratic, discontinuous deposit of limited extent

LOG KEY 13-104_LOGS.GPJ PANGEO.GDT 6/18/13

Homogeneous: Soil with uniform color and composition throughout

COMPONENT

> 12 inches

Cobbles:

3 to 12 inches

Cement / Concrete Seal
Bentonite grout / seal
Silica sand backfill

SIZE / SIEVE RANGE

Slough
Bottom of Boring

MOISTURE CONTENT

#4 to #10 sieve (4.5 to 2.0 mm)

Medium Sand:

#10 to #40 sieve (2.0 to 0.42 mm)

Dry

Dusty, dry to the touch

#40 to #200 sieve (0.42 to 0.074 mm)

Moist

Damp but no visible water

Wet

Visible free water

Fine Sand:
Silt

0.074 to 0.002 mm

Clay

<0.002 mm

Terms and Symbols for
Boring and Test Pit Logs
Phone: 206.262.0370

Groundwater Level at
time of drilling (ATD)
Static Groundwater Level

Coarse Sand:

3 to 3/4 inches
3/4 inches to #4 sieve

MONITORING WELL

Slotted tip

Sand

Gravel
Fine Gravel:

Breaks along defined planes
Fracture planes that are polished or glossy
Angular soil lumps that resist breakdown
Soil that is broken and mixed
Less than one per foot
More than one per foot
Angle between bedding plane and a plane
normal to core axis

COMPONENT DEFINITIONS
SIZE / SIEVE RANGE COMPONENT

Boulder:

Coarse Gravel:

Fissured:
Slickensided:
Blocky:
Disrupted:
Scattered:
Numerous:
BCN:

Figure A-1

U.S. Route 2 and Albion Street, Sultan, WA

Drilling Method:

HSA

Coordinates:

Northing: 47.86034, Easting: -121.8238

Sampling Method:

SPT
N-Value
PL

Symbol

Other Tests

N/A

Location:

Blows / 6 in.

126.0ft

Top of Casing Elev.:

Sample Type

Surface Elevation:

21-027

Sample No.

Sultan Wastewater Treatment Plant Expansion

Job Number:

Depth, (ft)

Project:

RQD
0

0

Moisture

LL

MATERIAL DESCRIPTION
Recovery
50

100

Grass and sod over loose, dark brown, silty SAND to sandy SILT;
moist; non-plastic, organics [Topsoil/Fill].

S-1

4
10
15

S-2

16
13
9

S-3

17
18
10

S-4

9
9
7

Medium dense, gray-brown, gravelly SAND to sandy GRAVEL; moist;
poorly graded, trace fine organics [Qao - Older Alluvium].

S-5

9
9
7

--no recovery; likely cobble.

S-6

21
29
20

--broken cobble (blow counts inflated by gravel).

5

10

15

20

Medium dense, olive-brown, sandy SILT; moist; non-plastic, trace fine
organics [Qao - Older Alluvium].
GS

Medium dense, gray-brown, slightly silty, sandy GRAVEL (GW-GM);
moist; well graded, blow count inflated by gravel [Qao - Older
Alluvium].
--MC = 3.1%.
Medium dense, olive-brown, sandy SILT; moist; non-plastic, trace
organics [Qao - Older Alluvium].

Medium dense, olive-brown, slightly silty and gravelly SAND (SW-SM);
water-bearing; well-graded [Qao - Older Alluvium].
25

30

S-7

5
12
15

S-8

24
50/6

GS

--MC = 19.3%.

--becomes very dense, gravelly.

>>

Boring terminated at about 31 feet below grade. Groundwater was
observed at about 24 feet in depth during drilling.
Completion Depth:
Date Borehole Started:
Date Borehole Completed:
Logged By:
Drilling Company:

31.0ft
2/9/21
2/9/21
B Weitering
Boretec, Inc.

Remarks: Borings drilled using an EC-95 track-mounted drill rig. Standard penetration
test (SPT) sampler driven with a 140 lb. safety hammer. Hammer operated with a rope
and cathead mechanism. Surface elevation estimated from Google Earth.

LOG OF TEST BORING PG-1
Figure A-2
The stratification lines represent approximate boundaries. The transition may be gradual.
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U.S. Route 2 and Albion Street, Sultan, WA

Drilling Method:

HSA

Coordinates:

Northing: 47.86015, Easting: -121.82388

Sampling Method:

SPT
N-Value
PL

Symbol

Other Tests

N/A

Location:

Blows / 6 in.

125.0ft

Top of Casing Elev.:

Sample Type

Surface Elevation:

21-027

Sample No.

Sultan Wastewater Treatment Plant Expansion

Job Number:

Depth, (ft)

Project:

RQD
0

0

Moisture

LL

MATERIAL DESCRIPTION
Recovery
50

100

Grass and sod over loose, dark brown, silty SAND to sandy SILT;
moist; non-plastic, organics [Topsoil/Fill].

S-1

2
1
2

S-2

10
12
26

S-3

14
50/6

S-4

14
29
50/6

15

S-5

50/3

--no recovery; bouncing on cobble.

>>

20

S-6

50/1

--no recovery; bouncing on cobble.
Boring terminated at about 20 feet below grade due to practical drilling
refusal in cobbles. No groundwater was observed during drilling.

>>

5

--no recovery; lithology inferred from cuttings.

GS

Medium dense, gray-brown, gravelly, sandy SILT (ML); moist;
non-plastic, blow count inflated by gravel [Qao - Older Alluvium].
--MC=20%.

10

>>

Medium dense, gray-brown, sandy GRAVEL; moist; poorly graded,
trace fine organics, blow counts inflated by gravel [Qao - Older
Alluvium].

>>

25

30

Completion Depth:
Date Borehole Started:
Date Borehole Completed:
Logged By:
Drilling Company:

20.1ft
2/9/21
2/9/21
B Weitering
Boretec, Inc.

Remarks: Borings drilled using an EC-95 track-mounted drill rig. Standard penetration
test (SPT) sampler driven with a 140 lb. safety hammer. Hammer operated with a rope
and cathead mechanism. Surface elevation estimated from Google Earth.

LOG OF TEST BORING PG-2
Figure A-3
The stratification lines represent approximate boundaries. The transition may be gradual.
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U.S. Route 2 and Albion Street, Sultan, WA

Drilling Method:

HSA

Coordinates:

Northing: 47.8604, Easting: -121.82325

Sampling Method:

SPT
N-Value
PL

Symbol

Other Tests

N/A

Location:

Blows / 6 in.

113.0ft

Top of Casing Elev.:

Sample Type

Surface Elevation:

21-027

Sample No.

Sultan Wastewater Treatment Plant Expansion

Job Number:

Depth, (ft)

Project:

RQD
0

0

Moisture

LL

MATERIAL DESCRIPTION
Recovery
50

100

Grass and sod over medium dense, gray-brown, silty SAND to sandy
SILT trace gravel to slightly gravelly; moist; poorly graded, trace
organics [Qoa - Older Alluvium].
S-1

10
7
8

S-2

10
11
3

S-3

1
0
0

S-4

4
14
14

S-5

21
18
15

5

10

15

20
S-6

GS

--becomes water-bearing at about 5 feet.
--S-2: MC=6.3%.
--becomes siltier and slightly clayey.
Very soft to soft, gray, sandy SILT with clay; wet [Qoa - Older
Alluvium].
--Possible voids noted by the driller.

GS

18
21
47

Medium dense, olive-brown, sandy GRAVEL trace silt (GP);
water-bearing; poorly graded, trace fine organics, blow counts inflated
by gravel [Qoa - Older Alluvium].
--MC=6.9%.

Medium dense to dense, gray-brown, slightly gravelly, coarse SAND;
water-bearing; poorly graded, blow count inflated by gravel [Qoa Older Alluvium].

Dense, interlayered gray-brown and gray, silty fine SAND; moist;
poorly graded [Qcpf - Pre-Fraser Deposits].
25
S-7

10
17
23

Boring terminated at about 26.5 feet below grade. Groundwater was
observed at about 5 feet in depth during drilling and was measured in
the open borehole at 4 feet depth after drilling.
30

Completion Depth:
Date Borehole Started:
Date Borehole Completed:
Logged By:
Drilling Company:

26.5ft
2/9/21
2/9/21
B Weitering
Boretec, Inc.

Remarks: Borings drilled using an EC-95 track-mounted drill rig. Standard penetration
test (SPT) sampler driven with a 140 lb. safety hammer. Hammer operated with a rope
and cathead mechanism. Surface elevation estimated from Google Earth.

LOG OF TEST BORING PG-3
Figure A-4
The stratification lines represent approximate boundaries. The transition may be gradual.
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U.S. Route 2 and Albion Street, Sultan, WA

Drilling Method:

HSA

Coordinates:

Northing: 47.86063, Easting: -121.82324

Sampling Method:

SPT
N-Value
PL

Symbol

Other Tests

N/A

Location:

Blows / 6 in.

115.0ft

Top of Casing Elev.:

Sample Type

Surface Elevation:

21-027

Sample No.

Sultan Wastewater Treatment Plant Expansion

Job Number:

Depth, (ft)

Project:

RQD
0

0

Moisture

LL

MATERIAL DESCRIPTION
Recovery
50

100

Grass and sod over medium dense, gray-brown, brown silty SAND to
sandy SILT with black sand pockets with organics at about 3 feet,
poorly graded [Qoa - Older Alluvium].
S-1

10
10
21

S-2

11
7
3

S-3

13
20
15

S-4

8
11
14

S-5

7
17
22

5

10

15

--Blow count likely inflated due to a gravel found in the bottom portion
of the sampler.

Very soft to soft, gray, sandy SILT with clay, trace of silt and sand;
moist [Qoa - Older Alluvium].
Medium dense, gray-brown, trace to slightly silty, sandy GRAVEL
(GW-GM); moist; well-graded, trace iron oxide staining and fine
organics, blow counts inflated by gravel [Qoa - Older Alluvium].
GS

--MC=6.1%.
--becomes water-bearing at about 11 feet.

Medium dense, gray-brown, slightly sandy GRAVEL; water-bearing;
poorly graded, blow count inflated by gravel [Qoa - Older Alluvium].
Dense, light olive-brown and orange-brown, slightly silty to silty fine
SAND trace gravel (SM); water-bearing; poorly graded, iron oxide
banding [Qoa - Older Alluvium].

20
S-6

12
18
19

S-7

12
20
22

25

GS

--MC=21.1%.

Dense, interlayered gray-brown and gray, silty fine SAND; moist;
poorly graded [Qcpf - Pre-Fraser Deposits].
Boring terminated at about 26.5 feet below grade. Groundwater was
observed at about 11 feet in depth during drilling.

30

Completion Depth:
Date Borehole Started:
Date Borehole Completed:
Logged By:
Drilling Company:

26.5ft
2/9/21
2/9/21
B Weitering
Boretec, Inc.

Remarks: Borings drilled using an EC-95 track-mounted drill rig. Standard penetration
test (SPT) sampler driven with a 140 lb. safety hammer. Hammer operated with a rope
and cathead mechanism. Surface elevation estimated from Google Earth.

LOG OF TEST BORING PG-4
Figure A-5
The stratification lines represent approximate boundaries. The transition may be gradual.
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U.S. Route 2 and Albion Street, Sultan, WA

Drilling Method:

HSA

Coordinates:

Northing: 47.86085, Easting: -121.82331

Sampling Method:

SPT

PL

LL

MATERIAL DESCRIPTION
RQD
0

0

Moisture

Instrument

N-Value

Symbol

Other Tests

Not Surveyed

Location:

Blows / 6 in.

112.0ft

Top of Casing Elev.:

Sample Type

Surface Elevation:

21-027

Sample No.

Sultan Wastewater Treatment Plant Expansion

Job Number:

Depth, (ft)

Project:

Recovery
50

100

Grass and sod over medium dense, gray-brown,
interlayered silty SAND and gravelly SAND; moist; poorly
graded [Qoa - Older Alluvium].
S-1

5
9
9

S-2

13
12
11

S-3

15
11
4

5

10

--becomes water-bearing.

S-4

7
11
12

GS

S-5

11
13
15

GS

S-6

6
10
12

S-7

9
15
19

15

20

25

Medium dense, olive-brown, slightly silty, sandy GRAVEL
(GP-GM); moist; poorly graded, trace fine organics, blow
counts inflated by gravel [Qoa - Older Alluvium].
--MC=10.8%.

--MC=9.2%.
Medium dense, orange- and gray-brown, fine SAND;
water-bearing; poorly graded, iron oxide banding [Qoa Older Alluvium].

Medium dense to dense, interlayered gray-brown and gray,
silty fine SAND; moist; poorly graded [Qcpf - Pre-Fraser
Deposits].

--becomes dense.
Boring terminated at about 26.5 feet below grade.
Groundwater was observed at about 9 feet in depth during
drilling and was measured in the piezometer at 8.63 feet
depth after developing well (approx. 4 pm on 2/9/21). Well
Tag BMN 950.

30

Completion Depth:
Date Borehole Started:
Date Borehole Completed:
Logged By:
Drilling Company:

26.5ft
2/9/21
2/9/21
B Weitering
Boretec, Inc.

Remarks: Borings drilled using an EC-95 track-mounted drill rig. Standard penetration
test (SPT) sampler driven with a 140 lb. safety hammer. Hammer operated with a rope
and cathead mechanism. Surface elevation estimated from Google Earth.

LOG OF TEST BORING PG-5
Figure A-6
The stratification lines represent approximate boundaries. The transition may be gradual.
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APPENDIX B
LABORATORY TEST RESULTS

U.S. SIEVE OPENING IN INCHES
6

100

4

2

3

1

1.5

3/4

U.S. SIEVE NUMBERS
1/2

3/8

3

4

6

8

10

14

16

20

30

40

50

HYDROMETER
60

100

140

200

90

80

PERCENT FINER BY WEIGHT

70

60

50

40

30

20

10

0

100

10

1

0.1

0.01

0.001

GRAIN SIZE IN MILLIMETERS

GRAVEL

COBBLES

coarse

SAND

fine

coarse

GRAIN SIZE 21-027 BORING LOGS_REV2 BW.GPJ PANGEO.GDT 6/14/21

Specimen Identification

medium

SILT OR CLAY

fine

Cc

Cu

@ 5.0 ft.

WELL-GRADED GRAVEL with SILT and SAND (GW-GM)

1.46

48.01

PG-1

@ 25.0 ft.

WELL-GRADED SAND with SILT (SW-SM)

1.53

7.49

PG-2

@ 5.0 ft.

SANDY SILT (ML)

PG-3

@ 5.0 ft.

1.24

119.95

PG-3

@ 10.0 ft.

Specimen Identification

Classification

LL

PL

PI

PG-1

WELL-GRADED GRAVEL with SILT and SAND (GW-GM)

0.38

POORLY GRADED GRAVEL with SAND (GP)

D100

D90

D60

D10

%Gravel %Sand

%Silt

95.89

%Clay

PG-1

5.0

37.5

21.642

6.528

0.136

47.9

44.9

7.2

PG-1

25.0

19

4.255

0.807

0.108

8.7

82.9

8.4

PG-2

5.0

37.5

16.479

0.1

12.4

36.4

51.2

PG-3

5.0

37.5

32.006

19.899

0.166

63.3

29.8

7.0

PG-3

10.0

37.5

31.599

18.555

0.194

55.1

40.3

4.6

GRAIN SIZE DISTRIBUTION
Phone: 206.262.0370

Project: Sultan Wastewater Treatment Plant Expansion
Job Number: 21-027
Location: U.S. Route 2 and Albion Street, Sultan, WA

Figure
B-1

U.S. SIEVE OPENING IN INCHES
6

100

4

2

3

1

1.5

3/4

U.S. SIEVE NUMBERS
1/2

3/8

3

4

6

8

10

14

16

20

30

40

50

HYDROMETER
60

100

140

200

90

80

PERCENT FINER BY WEIGHT

70

60

50

40

30

20

10

0

100

10

1

0.1

0.01

0.001

GRAIN SIZE IN MILLIMETERS

GRAVEL

COBBLES

coarse

fine

SAND
coarse

GRAIN SIZE 21-027 BORING LOGS_REV2 BW.GPJ PANGEO.GDT 6/14/21

Specimen Identification

medium

SILT OR CLAY

fine

Classification

LL

PL

PI

Cc

Cu
28.14

@ 10.0 ft.

PG-4

@ 20.0 ft.

1.37

3.76

PG-5

@ 10.0 ft.

POORLY GRADED GRAVEL with SILT and SAND (GP-GM)

3.69

53.42

PG-5

@ 15.0 ft.

POORLY GRADED GRAVEL with SILT and SAND (GP-GM)

0.16

93.05

Specimen Identification

WELL-GRADED GRAVEL with SILT and SAND (GW-GM)

1.32

PG-4

SILTY SAND (SM)

D100

D90

D60

D10
0.279

PG-4

10.0

37.5

24.016

7.848

PG-4

20.0

9.5

0.567

0.251

PG-5

10.0

37.5

31.224

17.939

PG-5

15.0

37.5

30.328

14.507

%Gravel %Sand

%Silt

%Clay

53.6

40.9

5.4

0.2

87.8

12.0

0.336

69.9

23.9

6.2

0.156

53.2

41.7

5.1

GRAIN SIZE DISTRIBUTION
Phone: 206.262.0370

Project: Sultan Wastewater Treatment Plant Expansion
Job Number: 21-027
Location: U.S. Route 2 and Albion Street, Sultan, WA

Figure
B-2

