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INTRODUCTION

This geotechnical report summarizes our site observations, subsurface explorations,
laboratory testing and engineering analyses. This report also provides geotechnical
recommendations and design criteria for the proposed multi-family residential development to be
constructed at xxx - Orlando Street in Port Orchard, Washington. The site consists of eight
contiguous tax parcels and is currently undeveloped. The general location of the site is shown on
the attached Site Location Map, Figure 1.

Our understanding of the project is based on correspondence with you, our review of the
preliminary site plan prepared by Contour Engineering dated January 29, 2018, our February 15,
2018, November 20, and 26, 2019 site visits, our understanding of the City of Port Orchard Municipal
Code (POMC), and our past experience in the project area. We understand that you propose to
develop the eight contiguous tax parcels listed above. We understand that the development
currently consists of 6 apartment buildings with a total of 106 units, a recreational building, paved
access roads, a combination of parking stalls, garages and car ports, and associated utilities, as
shown on the Conceptual Site Plan, Figure 2. We anticipate that the proposed apartments will be 3-
story, wood-framed structures founded on a combination of conventional shallow deepened
foundations.

We previously prepared a geotechnical engineering report dated September 20, 2016 for the
Overlook Apartments currently under construction west of the subject site, and also a draft
geotechnical report for this site dated March 13, 2018. The City approved our report as part of the
building permit applications. Because of the proximity of the proposed development to the steep
slopes on the site, Port Orchard is requiring a Geotechnical Report in order to address the geologic
hazards at the site per the Critical Areas Ordinance, and provide geotechnical recommendation and
design criteria. The City is also requiring a soils report to address the feasibility of stormwater
infiltration at the site.
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SCOPE
The purpose of our services is to evaluate the surface and subsurface conditions across the
site as a basis for providing geotechnical recommendations and design criteria for the proposed
development. Specifically, the scope of services for this project included the following:

1. Reviewing the available geologic, hydrogeologic, and geotechnical data for the site area;

2. Exploring subsurface conditions across the site by advancing 6 hollow-stem auger borings
and completing one of the borings as a groundwater monitoring well, and also excavating a
series of 10 test pits at select locations across the site;

3. Describing surface and subsurface conditions, including soil type, depth to groundwater, and
an estimate of seasonal high groundwater levels;

4. Addressing the City of Port Orchard Critical Areas Ordinance for geologic hazards, including
recommended buffers and setbacks, as appropriate;

5. Providing geotechnical conclusions and recommendations regarding site grading activities,
including site preparation, subgrade preparation, fill placement criteria, suitability of on-site
soils for use as structural fill, and temporary and permanent cut and fill slopes;

6. Providing conclusions regarding shallow and deepened foundations and floor slab support
and design criteria, including bearing capacity and subgrade modulus, if appropriate;

7. Providing our opinion about the feasibility of onsite infiltration, including a preliminary
design infiltration rate based on grain size data, if applicable;

8. Providing recommendations for erosion and sediment control during wet weather grading
and construction;

9. Preparing this Geotechnical Engineering Report summarizing our site observations and
conclusions, and our geotechnical recommendations and design criteria, along with the
supporting data.

The above scope of work was completed in accordance with our Proposal for Geotechnical
Engineering Services dated November 1, 2019.

SITE CONDITIONS

Surface Conditions

The subject site is located at xxx - Orlando Street in the western portion of the Port Orchard
glacial upland area in an area of existing residential and commercial development in Port Orchard,
Washington. The site consists of eight contiguous tax parcels, that when combined measure
approximately 260 to 400 feet wide (east to west) by 320 to 840 feet deep (north to south), and
encompass approximately 6.04 acres. As shown on the Site Vicinity Map, Figure 2, the site is bounded
by existing residential development and the ongoing Overlook Apartments development to the east
and west, by existing commercial development to the south, and by Orlando Street to the north.

According to topographic information obtained from the Kitsap County GIS website, the
eastern portion of the site is generally flat to gently sloping down to the west at about 5 to 15 percent,
before sloping more steeply down to the west at about 40 to 65 percent. Slopes in this portion of the
site have about 30 to 55 feet of vertical relief in the north portion of the site, and 24 to 40 feet of
vertical relief in the west central portion of the site. The steep slopes are concentrated primarily on the
302402-3-063-2008 parcel. These slopes transition into inclination of approximately 25 percent at the
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bottom of the site in the northwest corner. The lower, southern portion of the site slopes down into a
localized drainage at about 40 percent with approximately 10 to 20 feet of vertical relief. The drainage
trends from east to west and gently slopes down to the west at about 5 to 10 percent. Total
topographic relief across the site is on the order of 80 feet. The existing site topography and
configuration is shown on the Site and Exploration Map, Figure 3.

Vegetation across the site at the time of our latest site visit typically consists of a mixture of
dense brambles, scotch broom, and grasses with scattered madrona and other deciduous trees. The
more steeply sloping portion of the site to the north and west is vegetated with mature fir and cedar
trees with a moderate understory of ferns, salal, scotch broom, and brambles. No evidence of slope
instability or soil movement was observed at the site at the time of our site visit. Most of the toe of the
slope has been retained by concrete walls. No evidence of standing water, seeps, or springs was
observed on the site at the time of our site visit.

Site Soils

The USDA Natural Resources Conservation Service (NRCS) Web Soil Survey maps the site as
being underlain by Alderwood gravelly sandy loam (2 and 14), Indianola loamy sand (20), Indianola-
Kitsap complex (21), and Ragnar fine sandy loam (44) soils. The Alderwood soils are derived from
glacial till and form on slopes of 8 to 15 percent and 15 to 30 percent, respectively. These soils have
a “slight” to “moderate” erosion hazard when exposed and are included in hydrologic soils group B.
The Indianola soils are derived from sandy glacial outwash and form on slopes 15 to 30 percent.
These soils have a “moderate” erosion hazard and are included in hydrologic soils group A. The
Indianola-Kitsap soils are derived from glacial outwash, form on slopes of 45 to 70 percent, have a
“severe” erosion hazard, and are also included in hydrologic soils group A. The Ragnar soils are
derived from glacial outwash with ash and form on slopes of 0 to 6 percent. These soils have a
“moderate” erosion hazard and are included in hydrologic soils group A. A copy of the referenced
NRCS Soils Map is included as Figure 4.

Site Geology

The Washington State Department of Natural Resources Division of Geology and Earth Resources
Open File Report 2005-3, 1:100,000-scale (December 2005) indicates that the site is underlain by glacial
till (Qgt) and advance outwash (Qga) deposits. These glacial soils were deposited during the Vashon
Stade of the Fraser Glaciation, approximately 12,000 to 15,000 years ago. The glacial till consists of a
heterogeneous mixture of clay, silt, sand and gravel that was deposited at the base of the prehistoric
continental glacial ice mass and was subsequently over-ridden. The advance outwash soils consist
of poorly sorted, lightly stratified mixture of sand and gravel that may contain localized deposits of
clay and silt that were deposited by meltwater streams emanating from the advancing ice mass. The
glacial till and advance outwash are considered over-consolidated and exhibit high strength and low
compressibility characteristics. No evidence of deep seated erosion or other active landslide activity
was observed at the time of our site visit. No areas of landslide deposits or mass wasting are noted
on the referenced map within the immediate vicinity of the site. An excerpt of the above referenced
map is included as Figure 5.

We also reviewed the Department of Natural Resources Natural Hazards Map (Geologic
Information Portal). The Map indicates that the site is situated about 1.3 miles south of the Seattle
Fault zone. No evidence of surficial fault rupture was observed at the site at the time of our site
visit. A copy of the referenced DNR Natural Hazards Map is included as Figure 6.
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Subsurface Explorations

On February 15, 2018, a field representative from GeoResources, LLC (GeoResources) visited
the site and monitored the drilling of 2 borings to depths of 31% and 36 feet and the excavation of
10 test pits to depths of about 73 to 13 feet below the existing ground surface. The test pits were
excavated by a rubber track mounted excavator operated by a licensed earthwork contractor. On
November 20 and 26, 2019, we returned to the site to advance an additional 4 borings, two in each
proposed infiltration facility to same depths as our previous borings. On December 17, 2019, a
representative from GeoResources arrived onsite and advanced four hand auger explorations to
depths of about 4 to 8 feet below the existing ground surface in the proposed roadway. The borings
were drilled by a licensed driller operating a small track drill rig. A groundwater monitoring well was
installed in boring at the lowest elevation at the site. Below, Table 1 summarizes the approximate

functional locations, surface elevations, and termination depths of our explorations.

TABLE 1:

APPROXIMATE LOCATIONS, ELEVATIONS, AND DEPTHS OF EXPLORATIONS

Exlration : _ Surface | Terr'_rl\i.'rl\a.ti@'h‘ Termination
KiiFAR A Functional Lo;ation Elevathn_ i Depth Elevation
i (feet) (feet) (feet)
B-1 Upper E central, top of slope 305 36% 268%
B-2 Upper E central, top of slope 305 31% 273%
B-101 W end of E/W infiltration facility 310 36% 273%
B-102 E end of E/W infiltration facility 312 31% 280%
B-103 S end of N/S infiltration facility 298 31% 266%
B-104 N end of N/S infiltration facility 306 31% 274%
TP-1 Upper NE portion of site 316 7% 308%
TP-2 Upper E central portion of site 322 10 312
TP-3 Lower S portion of site 304 12 292
TP-4 Lower S portion of site 299 9% 289%
TP-5 Lower SE portion of site 312 13 299
TP-6 Lower SE portion of site 314 11 303
TP-7 Upper E central portion of site 327 10% 316%
TP-8 Upper central portion of site 325 11 314
TP-9 Lower W central portion of site 310 11 299
TP-10 Lower S portion of site 310 10+ 310+
HA-1 Gravel cut area 345 8 ass
HA-2 Russel Ave SE & SE Lovell St 345 4 34
HA-3 Whittier Ave SE & SE Lovell St 350 8 342
HA-4 Near top of slope, Wendell Ave 335 72 327%
Notes: 1 = Elevation datum: Kitsap County GIS data

The specific number, locations, and depths of our explorations were selected by
GeoResources based on the proposed site configurations and the proposed site development, with
considerations of site access limitations and underground utilities.
continuously monitored the explorations,

maintained

Our field representative
logs of the subsurface conditions
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encountered, obtained representative soil samples, and observed pertinent site features.
Representative soil samples obtained from the explorations were placed in sealed plastic bags and
taken to a laboratory for further examination and testing as deemed necessary. Each boring was
then backfilled with bentonite chips and abandoned, and each test pit and hand auger was
backfilled with the excavated soils and bucket and tamped in place, but not otherwise compacted.

During drilling, soil samples were obtained at 2%- and 5-foot depth intervals in accordance
with Standard Penetration Test (SPT) as per the test method outlined by ASTM: D-1586. The SPT
method consists of driving a standard 2-inch-diameter split-spoon sampler 18-inches into the soil
with a 140-pound hammer. The number of blows required to drive the sampler through each 6-inch
interval is counted, and the total number of blows struck during the final 12 inches is recorded as
the Standard Penetration Resistance, or “SPT blow count”. The resulting Standard Penetration
Resistance values indicate the relative density of granular soils and the relative consistency of
cohesive soils.

The subsurface explorations excavated as part of this evaluation indicate the subsurface
conditions at specific locations only, as actual subsurface conditions can vary across the site.
Furthermore, the nature and extent of such variation would not become evident until additional
explorations are performed or until construction activities have begun. Based on our experience in
the area and a review of published geologic literature, it is our opinion that the soils encountered in
the explorations are generally representative of the soils at the site. The soils encountered were
visually classified in accordance with the Unified Soil Classification System (USCS) and ASTM D: 2488.
The USCS is included in Appendix A as Figure A-1. The approximate locations of our explorations are
indicated on the attached Site and Exploration Map, Figure 3, while the descriptive logs of our
borings and test pits are included in Appendix A, Figures A-2 through A-7.

Subsurface Conditions

Subsurface conditions were evaluated by several different methods, including test pits,
borings, and hand-auger exploration. The type and method of exploration was determined by the
depth of the exploration and access limitation. The various exploratory methods are described
below.

t Pi

Our test pits encountered fairly uniform subsurface conditions that generally confirmed the
mapped stratigraphy across the site. In general, our test pits encountered about ¥ to 1) feet of brown
to dark brown sandy topsoil mantling grey brown to tan sand/silty sand with variable amounts of
gravel in a loose to medium dense and moist condition to the full depth explored. We interpret these
soils to be recessional outwash sands. In test pits TP-3, TP-4, TP-5, and TP-10, we encountered about
3% to 11% feet of brown to grey silty sand and sandy silt with construction debris in a loose to medium
dense and moist to damp condition. We interpret these soils to be undocumented fill. These soils
were encountered to the full depth explored in TP-3 and TP-5. Underlying the fill in TP-4 and TP-10, we
encountered tan to grey brown sand to silty sand in a loose to medium dense condition to the full
depth explored. We interpret these soils to be recessional outwash sands.

Borings
Our borings generally encountered interbedded sands and silts with occasional lenses of silty
sands. Layers of clean sands were at varying depths of each boring. Boring B-101 encountered soils
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throughout the boring that were in a loose to medium dense, moist condition to the full 31.5-foot
depth explored. We interpret the soils in the vicinity of this boring to be recessional outwash. Borings
B-102 to B-104 encountered deeper soils that were in a dense to very dense condition. We interpret
these soils to be consistent with advance outwash. Groundwater was observed in boring B-103 at 22.5
feet below the existing ground surface, and dense sandy and silty gravel in a wet condition was
observed from 25 to 31.5 feet below the existing ground surface.

Hand Augers

We generally observed medium dense to dense sands with variable silt contents and sand with
gravel in our hand auger explorations. In hand auger HA-2, we observed about 3 feet of dense brown
gravelly sand with a reworked texture before hitting undisturbed soils. The reworked soils are likely
from the utilities that had been installed in the area. We interpret these soils to be advance outwash.
Table 2 summarizes the approximate thicknesses, depths, and elevations of selected soil layers.

TABLE 2:
APPROXIMATE THICKNESS, DEPTHS, AND ELEVATION OF SOIL TYPES ENCOUNTERED IN
EXPLORATIONS
Exploration | Thickness of Thickness of Depth to Top of | Elevation of Top of
Number Topsoil (feet) | Undocumented fill (feet) | Outwash (feet) Outwash (feet)
B-1 ¥ NE ¥ 304%
B-2 Y NE ¥ 304%
B-101 Ya NE ¥ 309%
B-102 ¥ NE ¥ N1
B-103 ¥ 15 15 283
B-104 Y2 20 20 286
TP-1 ¥ NE Ya 315%
TP-2 Y NE ¥4 321%
TP-3 ¥ 11% + NE NE
TP-4 1% 3% 4% 294%
TP-5 % 12%+ NE NE
TP-6 1 NE 1 313
TP-7 Y NE 34 326%
TP-8 1 NE 1 324
TP-9 1% NE 1% 308%
TP-10 1 7 8 302
HA-1 1 NE 1 344
HA-2 Y2 2.5 3 341
HA-3 1 NE 1 349
HA-4 1 NE 1 334

Notes: 1 = Elevation datum: BHC Consultants Survey Data, datum unavailable
NE: Not encountered
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Laboratory Testing

Geotechnical laboratory tests were performed on select samples retrieved from the
explorations to determine soil index and engineering properties encountered. Laboratory testing
included visual soil classification per ASTM D: 2488, moisture content determinations per ASTM D:
2216, and grain size analyses per ASTM D: 422 standard procedures. The results of the laboratory
tests are included in Appendix B, and summarized above in Table 3.

TABLE 3:
LABORATORY TEST RESULTS FOR ON-SITE SOILS

Lab ID Gravel Sand SilthIay D10
Sample Soil Type Content Content Content Ratio

_ Number ‘ :
(percent) | (percent) | (percent) (mm)
TP-2, S-2, 3% -2%2' |Weathered outwash| 093766 0.7 85.7 13.6 <0.075
TP-7,S-1, 7-10' Outwash 093770 4.4 89.1 6.5 0.0970
TP-9, S-1, 11-11%' Outwash 093772 15.4 63.9 20.7 <0.075
B-101, S-6, 20’ Qutwash 098897 0.3 58.7 41.0 <0.075
B-102, S-4, 1%’ Outwash 098898 0.1 25.3 74.6 <0.075
B-104, S-5, 25’ Outwash 098899 0.6 95.2 4.2 0.1702
B-103, 5-3, 15 Outwash 099063 0.0 82.9 17.1 <0.075
B-103, 5-4,17.5' Outwash 099064 0.2 85.5 14.3 <0.075
B-103, S-6, 22.5' Qutwash 099065 0.2 91.4 8.4 0.0983
HA-1,S5-2,3 |Weathered outwash| 098900 0.0 92.0 8.0 0.1181
HA-3,5-1,1" |Weathered outwash| 098901 15.6 75 9.4 0.0794
HA-4, S-5, 7' Outwash 098902 0.1 96.2 3t 0.1332

Cation exchange capacity (CEC) and organic content testing was also performed by an
independent laboratory to evaluate the treatment capacity of the shallow on-site soils for LID
methods.

Groundwater Conditions

Groundwater was observed in test pit TP-5 at about Elevation 299 feet (February 2015), in
boring B-1 at about Elevation 269 feet (February 2018), and in boring B-103 at about Elevation 276 feet
(November 2019). Boring B-103 was completed as a monitoring well, groundwater level readings were
taken at the time of drilling (ATD), and on the dates indicated in Table 4. A complete summary of the
wet season groundwater monitoring will be provided in an addendum letter to be issued at the end of
the wet season, late April or early May. Groundwater seepage was not observed at the other
exploration locations at the time of exploration.

Evidence of mottling was observed in TP-1, TP-4, TP-5, and TP-8 from about 3 to 8 feet below
the existing ground surface, as well as in B-103 at an elevation of 276 feet. The orange staining and
mottling are generally indicative of seasonal perched groundwater. Perched groundwater typically
develops when the vertical infiltration of precipitation through a more permeable soil is slowed at

ﬁﬂ

GEORESOUR



OVAHIILLC.OrlandoSt.Phasell.RG.REV02.textonly.doc
January 21, 2020

page | 8

depth by a deeper, less permeable soil type. We anticipate fluctuations in the local groundwater
levels will occur in response to precipitation patterns, off-site construction activities, and site
utilization.

TABLE 4:
APPROXIMATE DEPTHS, AND ELEVATION OF GROUNDWATER ENCOUNTERED IN EXPLORATIONS
Exploration Depth to HERL B! Dated
Groundwater
Number Groundwater (feet) _ Measured
(feet)
22.0 276.0 ATD (11/26/2019)
B-103 24.3 2737 01/06/2020
242 273.8 01/17/2020
Notes:
'Elevations estimated by interpolating between contours on Site Survey provided by AP Consulting Engineers.
N/E: Not encountered ATD: At time of driiling/digsing
CONCLUSIONS

Based on our site observations and data review, subsurface explorations and our
engineering analysis, it is our opinion that the proposed multi-family residential development is
feasible from a geotechnical standpoint. Our subsurface explorations generally encountered silty
sand to sand with silt and variable amounts of gravel. We also encountered undocumented fill in
the lower southeast portion of the site. Based on the encountered subsurface soils, it is our opinion
that infiltration is feasible in the native outwash soils provided all vertical and horizontal setbacks
can be met per the 2012 Stormwater Management Manual for Western Washington (SWMMWW).
Pertinent conclusions and geotechnical recommendations regarding the design and construction of
the proposed development are presented below.

Geologically Hazardous Areas POMC 18.08.020
The POMC Title 20.162.076 defines geologically hazardous areas based on the following
indicators:

Geologically Hazardous Areas:

a) Areas with slopes greater than 30 percent and mapped by the Coastal Zone Atlas or
Quaternary Geology and Stratigraphy of Kitsap County as unstable (U), unstable old
landslides (UOS) or unstable recent slides (URS).

b) Areas with slopes greater than 30 percent in grade and deemed by a qualified geologist
or geotechnical engineer to meet the criteria of U, UOS, or URS.

Areas of Geologic Concern:
a) Areas designated U, UOS, or URS in the Coastal Zone Atlas or Quaternary Geology and
Stratigraphy of Kitsap County, with slopes less than 30 percent; or areas found by a
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qualified geologist to meet the criteria for U, URS, and UOS with slopes less than 30
percent; or

b) Slopes identified as intermediate (I) in the Coastal Zone Atlas or Quaternary Geology and
Stratigraphy of Kitsap County, or areas found by a qualified geologist to meet the criteria
of |; or

c) Slopes 15 percent or greater, not classified as |, U, UOS, or URS, with soils classified by
the Natural Resources Conservation Service as “highly erodible” or “potentially highly
erodible”; or

d) Slopes 15 percent or greater with springs or groundwater seepage not identified in
subsections (2) (a), (b), or (c) of this section; or

e) Seismic areas subject to liquefaction from earthquakes (seismic hazard areas) such as
hydric soils as identified by the Natural Resources Conservation Service, and areas that
have been filled to make a site more suitable. Seismic areas may include former
wetlands, which have been covered with fill.

The POMC Title 20.162.076 uses the above referenced checklist to define a geologic hazard
area. Based on our observations of the site and review of published information, we offer the
following comments.

No evidence of active or historic landslide activity, or ongoing erosion, was observed at the
site at the time of our site visit. No landslides are mapped on or in the vicinity of the site and the
Quaternary Geology and Stratigraphy of Kitsap County indicates that the majority of the site is
“stable” and the northwest corner of the site is mapped as "intermediate”. Slopes steeper than 30
percent were observed at the site and silt deposits underlying sand were observed, however, these
deposits do not appear to be continuous. Groundwater seepage was encountered in some of our
explorations, however, it was not observed daylighting on the slope below the site. The NRCS maps
the site as being underlain by Alderwood gravelly sandy loam, Indianola loamy sand, Indianola-
Kitsap complex, and Ragnar fine sandy loam. As previously stated, these soils have a “slight” to
“moderate” to “severe” erosion hazard. The site is underlain by normally consolidated soils and
glacially consolidated soils at depth that are in a medium dense to dense condition, making the
potential for liquefaction moderate as seismic shaking is not apt to produce a denser configuration.
No evidence of recent or ongoing slope instability or erosion was observed at the time of our site
visit.

Based on the above, the site does have some of the above hazard indicators for an area of
geologic concern per POMC Title 20.162.076. However, no evidence of landslide activity or active
landslide hazards were observed at the site at the time of our site visits. Therefore, no prescriptive
buffer should be required by the City of Port Orchard.

Slope Stability Analysis

We used the computer program SLIDE version 7.0, from RocScience, 2016, to perform the
slope stability analyses. The computer program SLIDE uses a number of methods to estimate the
factor of safety (FS) of the stability of a slope by analyzing the shear and normal forces acting on a
series of vertical “slices” that comprise a failure surface. Each vertical slice is treated as a rigid body;
therefore, the forces and/or moments acting on each slice are assumed to satisfy static equilibrium
(i.e., a limit equilibrium analysis). The FS is defined as the ratio of the forces available to resist
movement to the forces of the driving mass. An FS of 1.0 means that the driving and resisting forces
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are equal; an FS less than 1.0 indicates that the driving forces are greater than the resisting forces
(indicating failure). We used the Generalized Limit Equilibrium method using the Morgenstern-Price
analysis, which satisfies both moment and force equilibrium, to search for the location of the most
critical failure surfaces and their corresponding FS. The most critical surfaces are those with the
lowest FS for a given loading condition, and are therefore the most likely to move.

We analyzed the site conditions in both a pre-undeveloped and post-developed
configuration. The configurations were selected based on the proximity of the proposed structures
to the top of the greater-than-30 percent slope, in order to justify a reduction of the prescriptive
buffer/setback. Based on our analyses, the FS of the western slope at the site meets the prescribed
FS of 1.5 for static but does not meet the FS of 1.1 for seismic conditions in the existing
configuration. If a daylight basement configuration is utilized along the slope, the FS is 1.5 and 1.1
for static and seismic conditions. If pin piles are utilized, the FS is 1.5 and 1.2 for static and seismic
conditions. Details of the slope stability analyses are included in Appendix C.

Development Standards per POMC 20.162.078

According to POMC Chapter 20.162.078 Section 1(c), a native vegetation buffer should
extend from the toe of the slope to 25 feet beyond the top of the slope in geologically hazardous
areas or areas of geologic concern.

Any future structures will require a building setback per POMC Chapter 20.162.078 Section 1(d),
which states that buildings and impervious surface shall be setback from the top of the slope equal to
the height of the slope (1:1 horizontal to vertical) plus the greater of 1/3 the vertical slope height or 25
feet.

Based on our site observations and the results of our slope stability analyses, if the building
is properly supported, the site slope does not constitute a geologic hazard. Therefore, no
prescriptive setback should be required by the City of Port Orchard.

Recommended Setback

All structures will require a building setback from slopes steeper than 3H:1V (Horizontal:
Vertical) or 33 percent with greater than 10 feet of vertical height to satisfy requirements of the 2015
IBC, Section 1808.7. The prescriptive building setback can be evaluated and reduced, and/or a
structural setback may be provided, by a licensed geotechnical engineer. The setback distance is
calculated based on the vertical height of the slope. The typical IBC setback from the top of the
slope equals one third the height of the slope, with a maximum setback of 40 feet from the top of
the slope, while a setback from the toe of the slope equals one half the height of the slope, with a
maximum setback of 15 feet from the toe of the slope. If the setback from the top of the slope
cannot be met, a structural setback may be used. A structural setback consists of deepening the
foundation elements so that, when measured horizontally from the front of the footing to the face of
the slope, the minimum IBC setback is achieved.

As stated above, the steep slope at the site has a vertical height of about 24 to 40 feet. Per
the 2015 IBC, in its current configuration, the slope area should have a minimum setback of 8 to 14
feet from the top of the slope. If the setback from the top of the slope cannot be achieved, the IBC
allows for the use of a “structural setback”, as shown on Figure 7. The structural setback includes
deepening foundations and measuring from the bottom of the foundation to the face of the slope,
at the corresponding elevation. A daylight basement configuration could be used to meet this
setback and should provide additional housing units and higher density.
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Seismic Design

Based on our observations and the subsurface units mapped at the site, we interpret the
structural site conditions to correspond to a seismic Site Class “D” in accordance with the 2015 IBC
(International Building Code) documents and ASCE 7-Chapter 20 Table 20.3-1. This is based on the
range of SPT (Standard Penetration Test) blow counts for the soils encountered in our borings.
These conditions were assumed to be representative for the subsurface conditions for the site in
general.

For design of seismic structures using the IBC 2015, mapped short-period and 1-second
period spectral accelerations, SS and S1, respectively, are required. The U.S. Geological Survey
(USGS) completed probabilistic seismic hazard analyses (PSHA) for the entire country in November
1996, which were updated and republished in 2002 and 2008. The PSHA ground motion results can
be obtained from the USGS website. The results of the updated USGS PSHA were referenced to
determine SS and S1 for this site. The results are summarized in the following table (Table 5) with
the relevant parameters necessary for IBC 2015 design.

TABLE 5:
2015 IBC Parameters for Design of Seismic Structures
Spectral Response Acceleration (SRA) and Site i ‘
| Short Period 1 Second Period
Coefficients
Mapped SRA Ss = 1.581 S1=0.606
Site Coefficients (Site Class D) Fa=1.0 F,=1.50

Maximum Considered Earthquake SRA Sms = 1.581 Swmr = 0.909

Design SRA Sps = 1.054 Sp1 =0.606

Earthquake-induced geologic hazards may include liquefaction, lateral spreading, slope
instability, and ground surface fault rupture. In our opinion, the potential for liquefaction and lateral
spreading is not significant because of the depth to groundwater. The ground surface at the project
site slopes gently to moderately towards the west; therefore, the potential for earthquake-induced
slope instability is also low. According to the Department of Natural Resources Geologic Hazards
Map (Geologic Information Portal), the site is located south of the Seattle Fault Zone and southeast
of the Gold Creek fault, as shown on Figure 6. In our opinion, the potential for ground surface fault
rupture is also low.

Foundation Support

Based on the conceptual site plan, and the recommended setback, it is likely that any
structures constructed along the slope to the west will require deepened foundation elements. We
recommend using needle pin piles or other deepened foundation elements to support the proposed
apartment buildings in the setback area. Outside of the setback area, conventional foundations may
be utilized.

./-A

GEORESOURCE



OVAHIILLC.OrlandoSt.Phasell.RG.REV02.textonly.doc
January 21, 2020
page | 12

Spread Footings
Because of the height and inclination of the site slopes, the potential to use conventional

spread footings is likely only limited to the portion of the residence located outside of the
recommended setback. Based on the encountered subsurface soil conditions encountered across
the site, we recommend that spread footings be founded on the dense glacial till or on structural fill
that extends to suitable native soils.

The soil at the base of the footing excavations should be disturbed as little as possible. All
loose, soft or unsuitable material should be removed or recompacted per the Structural Fill section
of this report. If material is overexcavated below a footing, it should be replaced with controlled
density fill (CDF) or structural concrete. A rat slab of CDF could be placed after excavation to prevent
disturbance of the subgrade. A representative from our firm should observe the foundation
excavations to determine if suitable bearing surfaces have been prepared, particularly in the areas
where the foundation will be situated on fill material.

The undocumented fill encountered in the southeast portion of the site should be removed
from within the building footprints and replaced by structural fill. Over-excavation depths of more
than 12% feet may be required. Over-excavations should extend laterally out 1-foot for every 1-foot
of vertical over-excavation. Any over-excavations should be backfilled with structural fill as
described below in the “Structural Fill” section of this report. If Control Density Fill (CDF) is used as
backfill, the lateral over-excavation can be limited to 1/3-foot for each 1-foot of over-excavation.

We recommend a minimum width of 24 inches for isolated footings and at least 18 inches for
continuous wall footings. All footing elements should be embedded at least 18 inches below grade
for frost protection. Footings founded on the glacial till can be designed using an allowable soil
bearing capacity of 2,500 psf (pounds per square foot) for combined dead and long-term live loads.
The weight of the footing and any overlying backfill may be neglected. The allowable bearing value
may be increased by one-third for transient loads such as those induced by seismic events or wind
loads.

Lateral loads may be resisted by friction on the base of footings and floor slabs and as
passive pressure on the sides of footings. We recommend that an allowable coefficient of friction of
0.35 be used to calculate friction between the concrete and the underlying soil. Passive pressure
may be determined using an allowable equivalent fluid density of 300 pcf (pounds per cubic foot).
Passive resistance from soil should be ignored in the upper 1 foot. Factors of safety have been
applied to these values.

We estimate that settlements of footings designed and constructed as recommended will be
less than 1-inch, for the anticipated load conditions, with differential settlements between
comparably loaded footings of ¥%-inch or less. Most of the settlements should occur essentially as
loads are being applied. However, disturbance of the foundation subgrade during construction
could result in larger settlements than predicted. We recommend that all foundations be provided
with footing drains.

Pin Piles

Needle or pin piles consists of small to midsize diameter Schedule-80 steel pipe that are
driven into the underlying soils to refusal. Schedule 80 steel is used instead of schedule 40 for
corrosion resistance. The steel pipe diameters range from 2 to 6-inches. Individual pipe segments
typically range from about 5 to 21 feet long and are successively joined with external threaded
couplings, internal slip couplings, or butt welds as pile driving progresses. The large diameter piles
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use a pneumatic or hydraulic hammer mounted on the arm of a construction vehicle. The pin piles
have little to no lateral strength, unless battered. The pin piles must obtain adequate embedment to
provide support to the structure. We recommend a minimum embedment of 18 feet below the
ground surface at existing grades.

Regardless of diameter or installation method, we recommend that each pin pile be driven
to a point of refusal during sustained driving. Because refusal depths are difficult to predict and
because soil conditions could vary significantly across the site, we recommend a test pile be
installed. The contractor should be prepared for variable pile lengths. Also, it may be necessary to
modify pile layouts if rocks or other obstructions are encountered during pile-driving.

When refusal has been achieved, the pin piles can be cut to a predetermined height or
elevation. To provide a good bond between the piles and the existing foundation, a steel bracket is
typically installed on the foundation element, with an adjustable element to provide a pre-loaded
condition. A structural engineer should be responsible for designing the reinforced steel and
foundation elements. The minimum pile spacing (center to center) shall be determined by the
structural engineer.

For the proposed residence, we recommend that 3 to 4-inch needle piling be utilized. These
pilings will need to be installed by a larger, machine-mounted hammer. A properly installed needle
pile driven to refusal (defined by the required capacity, installation contractor, and/or accepted
construction practice) should provide the following allowable axial capacities.

Allowable Value

Design Parameter 3-inch 4-inch 6-inch
diameter diameter diameter
Static Compressive Capacity 12,000 pounds 20,000 pounds 30,000 pounds
Transient Compressive Capacity 16,000 pounds 26,000 pounds 40,000 pounds

We recommend that 3 percent of the piles (up to a maximum of 5 piles) be quick load tested
per ASTM: D 1143-81. In areas where the lengths of the pin piles are exposed and not directly
incorporated into the foundation grade beams, the area around the pin piles should be backfilled
with a well-draining material such as angular quarry spalls. Verification testing should be performed
in accordance with the ASTM Quick Test Method (ASTM D1143-81) on 5 percent of the installed piles,
or a minimum of 3, whichever is greater.

Floor Slab Support

Slab-on-grade floors, where constructed, should be supported on the medium dense
outwash soils or on structural fill prepared as described above. Any areas of old fill material should
be evaluated during grading activity for suitability of structural support. Areas of significant organic
debris should be removed.

We recommend that floor slabs be directly underlain by a minimum 6-inch thickness
capillary break material, such as pea gravel or clean crushed rock. The capillary break material
should be placed in one lift and compacted to an unyielding condition.

A synthetic vapor retarder is recommended to control moisture migration through the slabs
in enclosed and heated spaces. This is of particular importance where the foundation elements are
underlain by the silty glacial till or where moisture migration through the slab is an issue, such as
where adhesives are used to anchor carpet or tile to the slab.
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Subgrade/Basement Walls

Based on existing topography, we anticipate that the proposed structures may include
daylight basement configurations, and that retaining walls and vaults may be required. The lateral
pressures acting on subgrade and retaining walls (such as basement walls) will depend upon the
nature and density of the soil behind the wall. Itis also dependent upon the presence or absence of
hydrostatic pressure. If the walls are backfilled with granular well-drained soil, the design active
pressure may be taken as 35 pcf (equivalent fluid density). This design value assumes a level
backslope and drained conditions as described below. For the condition of a sloping back slope,
higher lateral pressures would act on the walls. For a 3H:1V (Horizontal to Vertical) slope above the
wall, the active pressure may be taken as 48 pcf; for a 2H:1V back slope condition, a wall design
pressure of 55 pcf may be assumed. If basement walls taller than 6 feet are required, a seismic
surcharge could be included.

Adequate drainage behind retaining structures is imperative. Positive drainage which controls
the development of hydrostatic pressure can be accomplished by placing a zone of drainage behind
the walls. Granular drainage material should contain less than 2 percent fines and at least 30%
greater than the US No. 4 sieve. Assuming properly compacted structural fill is used to backfill the
foundation walls, an allowable active fluid pressure of 35 pcf should be appropriate for design.
Typical wall drainage and backfilling details are shown in Figure 8.

A minimum 4-inch diameter perforated or slotted PVC pipe should be placed in the drainage
zone along the base and behind the wall to provide an outlet for accumulated water and direct
accumulated water to an appropriate discharge location. We recommend that a nonwoven
geotextile filter fabric be placed between the soil drainage material and the remaining wall backfill to
reduce silt migration into the drainage zone. The infiltration of silt into the drainage zone can, with
time, reduce the permeability of the granular material. The filter fabric should be placed such that it
fully separates the drainage material and the backfill, and should be extended over the top of the
drainage zone.

A geocomposite drain mat may also be used instead of free draining soils, provided it is
installed in accordance with the manufacturer's instructions. A soil drainage zone should extend
horizontally at least 18 inches from the back of the wall. The drainage zone should also extend from
the base of the wall to within 1 foot of the top of the wall. The soil drainage zone should be
compacted to approximately 90 percent of the MDD. Over-compaction should be avoided as this
can lead to excessive lateral pressures.

Lateral loads may be resisted by friction on the base of footings and as passive pressure on
the sides of footings and the buried portion of the wall, as described in the “Foundation Support”
section. We recommend that an allowable coefficient of friction of 0.35 be used to calculate friction
between the concrete and the underlying soil. Passive pressure may be determined using an
allowable equivalent fluid density of 350 pcf (pounds per cubic foot). Factors of safety have been
applied to these values.

Temporary Excavations

All job site safety issues and precautions are the responsibility of the contractor providing
services and work. The following cut and fill slope guidelines are provided for planning purposes
only. Temporary cut slopes will likely be necessary during grading operations or during utility
installation.
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All excavations at the site associated with confined spaces, such as utility trenches and
retaining walls, must be completed in accordance with local, state, or federal requirements. Based
on current Washington Industrial Safety and Health Act (WISHA, WAC 296-155-66401) regulations,
the outwash soils and undocumented fill soils on the site would be classified as Type C soils.

According to WISHA, for temporary excavations of less than 20 feet in depth, the side slopes
in Type C soils should be laid back at a slope inclination of 1.5H:1V or flatter from the toe to top of
the slope. It should be recognized that slopes of this nature do ravel and require occasional
maintenance. All exposed slope faces should be covered with a durable reinforced plastic
membrane, jute matting, or other erosion control mats during construction to prevent slope raveling
and rutting during periods of precipitation. These guidelines assume that all surface loads are kept
at a minimum distance of at least one half the depth of the cut away from the top of the slope and
that significant seepage is not present on the slope face. Flatter cut slopes will be necessary where
significant raveling or seepage occurs, or if construction materials will be stockpiled along the top of
the slope.

Where it is not feasible to slope the site soils back at these inclinations, a retaining structure
should be considered. Where retaining structures are greater than 4 feet in height, as measured
from the bottom of the footing to the top of the exposed wall face, or have slopes of greater than 15
percent above them, an engineered wall design should be prepared per Washington Administrative
Code (WAC 51-16-080 item 5).

This information is provided solely for the benefit of the owner and other design consultants,
and should not be construed to imply that GeoResources assumes responsibility for job site safety.
It is understood that job site safety is the sole responsibility of the project contractor.

Site Drainage

All ground surfaces, pavements and sidewalks at the site should be sloped away from
structures. The site should also be carefully graded to ensure positive drainage away from all
structures and property lines. Surface water runoff from the roof area, driveways, perimeter footing
drains, and wall drains, should be collected, tightlined, and conveyed to an appropriate discharge point.
Stormwater runoff from the proposed roof areas should be collected, tightlined, and routed away from
the buildings. Surface water should be collected in catch basins and tightlined with the downspout
runoff to an approved discharge point.

We recommend that all foundations be provided with a perimeter footing or foundation drain,
per Section 1805.4.2 of the 2015 IBC. The foundation drains should not be connected to the roof
drains.

STORMWATER INFILTRATION

The City of Port Orchard uses the 2012 (with 2014 updates) Stormwater Management Manual
for Western Washington (SWMMWW). Volume lll, Section 3.3.7 lists the site suitability criteria (SSC) for
infiltration facilities, including minimum setbacks and separation requirements. SSC-5 Depth to
Bedrock, Water Table, or Impermeable Layer states that the base of all infiltration basins or trenches
shall be 5 feet or more above the seasonal high-water mark, bedrock (or hardpan), or other low
permeability layer. The 2014 SWMMWW Glossary defines hardpan as “a cemented or compacted
and often clay-like layer of sail that is impenetrable by roots. Also known as glacial till.”
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Based on our site observations during the time of excavation of our subsurface explorations,
evidence of seasonal groundwater is present across portions of the site at 13 to 36 feet below the
existing ground surface. As previously stated, we did not observed seepage along the slope below
the site, and the groundwater appears discontinuous.

Soil gradation analyses were performed in accordance with ASTM D6913 and Volume llI,
Section 3.3.6, Method 3 of the 2014 SWMMWW to determine the preliminary infiltration rates in this
portion of the site. Based on these analyses, it is our opinion that stormwater infiltration via ponds
and trenches is feasible in portions of the site. Permeable pavement is also feasible, should you
wish to pursue that option.

We recommend that alternative stormwater management BMPs, such as detention vaults
and/or dispersion in accordance with the 2014 SWMMWW, Volume lIl, Section 3.2.3 be implemented
to manage the stormwater runoff generated by the proposed development. In our opinion,
dispersing stormwater is appropriate for the proposed development where vegetated flow paths
established and maintained in accordance with the 2014 SWMMWW are feasible. The flow paths
should remain well vegetated and free of bare spots or obstructions that could concentrate flows.

All minimum setback requirements and design criteria should be considered prior to the
selection of any stormwater management facility per the 2014 SWMMWW. All stormwater
management facilities should be designed and constructed per the 2014 SWMMWW.

Test Method
The 2014 SWMMWW, Volume I, Section 3.3.6 provides three approved methods to estimate

the long term design infiltration rate of site soils: 1) Large-Scale Pilot Infiltration Test (PIT), 2) Small-
Scale PIT, and 3) soil grain size analysis method. Restrictions do apply to the various methods based
on soil conditions and type of infiltration facility. Because our current scope is focused on assessing
infiltration feasibility we have used the soil grain size method analysis method.

Preliminary Design Infiftration Rate

The design infiltration rate is determined based on the procedure provided in Volume llI,
Section 3.3.6, Table 3.3.10f the 2014 SWMMWW. Three correction factors are applied to the
measured infiltration rate (/messured) to determine the design infiltration rate (leesign). The design
infiltration rate is determined as follows:

J‘n:fesl"g'n = Imeasured * CFv * CF¢ * CFm
Where:

laesign = Infiltration rate to be used for design of infiltration facility

Imeasured = Infiltration rate measured in the field or estimated by grain size analysis
CF, = Accounts for site variability and locations tested (0.33 to 1.0)

CF: = Test method used (0.4 to 0.75)
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Test Method Correction Factor (CFi)
Large Scale PIT 0.75
Small Scale PIT 0.50
Double-Ring Infiltrometer 0.50
Grainsize analysis 0.40

CFr = Degree of influent control to prevent siltation and bio-buildup (0.9)

Based on the definitions and criteria outlined above, we used a value of 0.5 for CF,, a value of
0.4 for CF, and a value of 0.9 for CFn. Applying these correction factors to the measured infiltration
rate, results in a long-term (design) infiltration rate at the specific location. For the purposes of
estimating a preliminary infiltration rate and to reflect the early design stages of the project, we
It is possible, that during the design process

selected relatively conservative correction factors.
these values may be increased potentially resulting in higher design infiltration rates.

TABLE 6:
PRELIMINARY DESIGN INFILTRATION RATES BASED ON GRAIN SIZE ANALYSIS
2
Sample Information Laboratory Data Preliminary
Design
Exploration EISe ?;Tlen, uscs D1o Do Do Frnes |INfiltration rate
ID (ft) Classification (mm) (mm) (mm) (in/hr)
B-101 290.0 SM 0.020 0AAF 0.232 0.410 1.00
B-101 280.0 SP-SM 0.118 0.314 0.591 0.061 8.25
B-102 297.0 ML 0.002 0.350 0.246 0.746 0.15
B-102 282.0 SM 0.040 0.315 0473 |0.125 425
B-103 278.0 SM 0.050 0.218 0.381 0.171 3.50
B-103 2755 SM 0.055 0.232 0.405 0.143 4.25
B-103 270.5 SP-SM 0.098 0.267 0.410 0.084 7.00
B-104 283.5 SP 0.170 0.360 0.570 0.042 115
HA-1 342.0 SP-SM 0.118 0.338 0.420 0.080 7.50
HA-3 349.0 SP-SM 0.079 0.431 9.365 0.094 4.50
HA-4 328.0 SP 0.132 0.297 0.415 |0.037 10.00
TP-2 320.5 SM 0.650 0.233 0.409 |0.136 4.50
TP-7 3185 SP-SM 0.097 0.336 0.777 |0.036 7.50
TP-9 299.0 SM 0.050 0.263 15.385 |0.207 2.00

otes:
Sample elevation based on surface elevation presented in Table 1 and depth of sample (Vertical Datum NAVD88)
Sample data obtained from grain size analysis performed in accordance with ASTM D6913, estimated values presented in red.
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We understand that two infiltration galleries, labeled as Infiltration System 1 and Infiltration
System 2, are proposed at the approximate locations indicated on Figure 2. The proposed bottom of
Infiltration System 1 will be at about Elevation 292 feet, and the proposed bottom of Infiltration
System 2 will be at about Elevation 294 feet.

Based on the information obtained from borings B-101, B-102, and B-103, which are near the
proposed facilities, infiltration appears feasible with the following constraints. The estimated
infiltration rates at approximately Elevation 292 feet are about 1.0 in/hr and 0.15 in/hr at the
locations of borings B-101 and B-102, respectively. At the location of boring B-103, undocumented
fill is present at Elevation 292 feet and extends to approximately Elevation 283 feet. Significantly
higher infiltration rates are estimated at lower elevations at the locations explored. Specifically, at
the location of B-101 the estimated preliminary infiltration rate is 8.25 in/hr below about Elevation
285 feet; at of the location B-102 the estimated preliminary infiltration rate is 4.25 in/hr below about
Elevation 287 feet; and at of the location B-103 the estimated preliminary infiltration rate is 4.25
in/hr below about Elevation 287 feet.

Infiltration is not permitted through undocumented fill. The existing fill can be removed
down to native soils and replaced with free draining soils that can provide a minimum infiltration
rate of 8 in/hr. Gravel Backfill for Drains or Gravel Backfill for Drywells as defined by WSDOT 9-03.12(4)
and WSDOT 9-03.12(5) can each provide an infiltration rate of at least 8 in/hr.

Because groundwater monitoring through the wet season has not been completed, we can
only offer a preliminary estimate to the seasonal high groundwater elevation. Based on the data
collected to date, we anticipate the seasonal high groundwater level will be between about Elevation
274 feet and 276 feet.

Construction Considerations

We recommend that a representative from our firm be onsite at the time of excavation of
the proposed infiltration facilities to verify that the soils encountered during construction are
consistent with the soils observed in our subsurface explorations. In-situ infiltration testing should
be performed at the time of construction to verify the recommended infiltration rate and to
determine if a different site specific infiltration rate would be more appropriate for the site.

It should be noted that special care is required during the grading and construction periods
to avoid fine sediment contamination. This may be accomplished using an alternative stormwater
management location during construction. All contractors, builders, and subcontractors working on
the site should be advised to avoid allowing “dirty” stormwater or excess sediment to enter the
proposed pervious pavement area during construction and landscaping activities. No concrete
trucks should be washed or cleaned onsite.

Suspended solids could clog the underlying soil and reduce the infiltration rate of the
facilities. To reduce potential clogging of the infiltration systems, the infiltration system should not
be connected to the stormwater runoff system until after construction is complete and the site area
is landscaped, paved or otherwise protected. Temporary systems may be utilized throughout
construction. Periodic sweeping of paved areas will help extend the life of the infiltration system.

Alternative stormwater management methods, such as permeable pavement may also be
considered. LID systems for water quality requires Cation Exchange Capacity (CEC) be at least
5mEq/100g and a minimum organic content of 1 percent in order for soils to be used as a treatment
layer beneath a water quality facility, such as permeable pavement. One representative soil sample
was tested by Spectra Laboratories. The results of this test indicate that the CEC for the site soils is
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about 14.5 mEq/100g and that the organic matter is about 3.5 percent, exceeding the required CEC
and organic matter content.

Permeable Pavement

Design guidance for permeable pavement is covered in Volume Ill, Section 3.4 of the 2014
SWMMWW. Minimum vertical separation from bottom of pavement section to bedrock, seasonal

high groundwater table, or other impermeable layer shall be greater than 1 foot.

observe any evidence of a shallow seasonal groundwater table in our explorations.

The design infiltration rate for permeable pavement is determined based on the procedure
provided in Volume Ill, Section 3.4. The preferred test method is small-scale PIT. Two correction
factors are applied to the influent control shape (CF»). The design infiltration rate is determined as

follows:

Idesign = Imeasured * CFy * CFm

Where:

laesign = Infiltration rate to be used for design of infiltration facility
Imeasurea = INfiltration rate measured in the field or estimated by grain size analysis
CF, = Accounts for site variability and locations tested (0.33 to 1.0)
CF = Quality of pavement aggregate base material (0.9 to 1.0)

We did not

TABLE 7:
PRELIMINARY DESIGN INFILTRATION RATES BASED ON GRAIN SIZE ANALYSIS
le Informati ' Laboratory Data? - T
~ Sample Information oratory Data Prelifinary
Sample ‘ Design
Exploration| ., = ont|  USCS D1o Deo Dso Fines |INfiltration rate|
ID (ft) CIassiﬂc;_ntIonn (mm) (mm) (mm) (in/hr)
HA-1 342.0 SP-SM 0.118 0.338 0.420 0.080 12.5
HA-3 349.0 SP-SM 0.079 0.431 9.365 0.094 45
HA-4 328.0 SP 0.132 0.297 0.415 0.037 16.5
Notes:

' Sample elevation based on surface elevation presented in table 1 and depth of sample (Vertical Datum NAVD8&8)
¥ Sample data obtained from grain size analysis performed in accordance with ASTM D6913

Based on the definitions and criteria outlined above, we used a value of 0.33 for CF, a value
of 0.9 for CF,. Applying these correction factors to the measured infiltration rate, results in a long-

term (design) infiltration rate at the specific location.
permeable pavement are different than those for infiltration ponds/trenches.

The infiltration rates presented for

For the

purposes of estimating a preliminary infiltration rate and to reflect the early design stages of the
project, we selected relatively conservative correction factors. It is possible, that during the design
process these values may be increased potentially resulting in higher design infiltration rates.
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LID systems for water quality requires Cation Exchange Capacity (CEC) be at least 5mEq/100g
and a minimum organic content of 1 percent in order for soils to be used as a treatment layer
beneath a water quality facility, such as permeable pavement. Two representative soil samples were
sent to an outside laboratory for testing, the test results are presented in Table 8, below. The results
indicate that the samples tested have CEC values less than 5 mEq/100g. The test results indicate
organic content between about 0.84 and 1.1 percent. Based on the indicated test results, the site
soils at the locations tested do not meet the required treatment criteria. Accordingly, amended soil
will be necessary as part of a permeable pavement design

TABLE 8:
Cation Exchange Capacity and Organic Content of Select Samples
Organic Cation Exchange
Sample ID
Content’ Capacity?
B-1, S-1, D=2.5ft 0.84 3.21
HA-3, S-2, D=3ft 1.1 4.85

Notes:

' Organic content presented as percent if dry weight, as determined by ASTM D2974-13

2 Cation exchange capacity (CEC) presented as miliequivalents per 100 grams mEq/100g as determined by SW846 9081

EARTHWORK RECOMMENDATIONS
Site Preparation

All structural areas on the site to be graded should be stripped of vegetation, organic
surficial soils, and other deleterious materials including any existing structures, foundations or
abandoned utility lines. Organic topsoil is not suitable for use as structural fill, but may be used for
limited depths in non-structural areas. Stripping depths ranging from % to 1% feet should be
expected to remove these unsuitable soils. Areas of thicker topsoil or organic debris may be
encountered in areas of heavy vegetation, in depressions, or near the wetlands.

In addition to the removal of topsoil, the undocumented fill soils across the site should be
removed. Recommendations regarding removal, processing and replacement of the undocumented
fill is discussed below in the “Suitability of On-Site Materials as Fill” section.

Where placement of fill material is required, the stripped and exposed subgrade areas
should be compacted to a firm and unyielding surface prior to fill placement. Excavations for debris
removal should be backfilled with structural fill compacted to the densities described in the
“Structural Fill” section of this report.

We recommend that a member of our staff evaluate the exposed subgrade conditions after
removal of vegetation and topsoil stripping is completed and prior to placement of structural fill.
The exposed subgrade soil should be proof-rolled with heavy rubber-tired equipment during dry
weather or probed with a %-inch diameter steel T-probe during wet weather conditions.

Any soft, loose or otherwise unsuitable areas delineated during proof-rolling or probing
should be recompacted, if practical, or over-excavated and replaced with structural fill. The depth
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and extent of overexcavation should be evaluated by our field representative at the time of
construction.

Structural Fill

All material placed as fill associated with mass grading, utility trench backfill, under building
areas, or under roadways should be placed as structural fill. The structural fill should be placed in
horizontal lifts of appropriate thickness to allow adequate and uniform compaction of each lift.
Structural fill should be compacted to at least 95 percent of maximum dry density (MDD) as
determined in accordance with ASTM D-1557.

The appropriate lift thickness will depend on the fill characteristics and compaction
equipment used. We recommend that the appropriate lift thickness be evaluated by our field
representative during construction. We recommend that our representative be present during site
grading activities to observe the work and perform field density tests, as necessary.

The suitability of material for use as structural fill will depend on the gradation and moisture
content of the soil. As the amount of fines (material passing US No. 200 sieve) increases, soil
becomes increasingly sensitive to small changes in moisture content and adequate compaction
becomes more difficult to achieve. During wet weather, we recommend use of well-graded sand
and gravel with less than 5 percent (by weight) passing the US No. 200 sieve, based on that fraction
passing the %-inch sieve, such as “Gravel Backfill for Walls" (WSDOT Standard Specification 9-03.12(2)).
If prolonged dry weather prevails during the earthwork and foundation installation phase of
construction, higher fines content (up to 10 to 12 percent) will be acceptable.

Material placed for structural fill should be free of debris, organic matter, trash, and cobbles
greater than 6-inches in diameter. The moisture content of the fill material should be adjusted as
necessary for proper compaction.

Fill placed on slopes that are steeper than 5H:1V (20 percent) should be "keyed" into the
undisturbed native soils by cutting a series of horizontal benches per the 2015 IBC, Appendix J. The
benches should be 1% times the width of the equipment used for grading and be a maximum of 3
feet in height. Subsurface drainage may be required in areas where significant seepage is
encountered during grading. Collected drainage should be directed to an appropriate discharge
point. Surface drainage should be directed away from all slope faces.

Suitability of On-Site Materials as Fill

During dry weather construction, any non-organic on-site soil may be considered for use as
structural fill, provided it meets the criteria described above in the “Structural Fill” section of this
report and can be compacted as recommended. If the soil material is over the optimum moisture
content when excavated, it will be necessary to aerate or dry the soil prior to placement as structural
fill. We generally did not observe the site soils to be excessively moist at the time of our subsurface
exploration program.

The previously placed fill encountered across the site consists of a mixture of sand, silt, and
gravel with construction debris and organic material. We not anticipate that these soils will be
suitable for use as structural fill because of the presence of construction debris and organic
material, unless they are processed. Screening the granular fill soils with a 3-inch sieve to remove
organics would be appropriate. Removal and procession of the undocumented fill soils should
include excavating down to native soils, and an appropriate level of processing to meet the
specification for common borrow WSDOT 9-03.14(3). GeoResources personnel should provide
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sufficient laboratory testing and monitoring to ensure the above specification is met and the
material is replaced as structural fill.

The native weathered glacial outwash glacial outwash soils encountered across the site
generally consisted of sand to silty sand with variable amounts of gravel. These soils are generally
comparable to “common borrow” material and will be suitable for use as structural fill provided the
moisture content is maintained within 2 percent of the optimum moisture content. Because of the
variable fines content, these soils may be moisture sensitive and may be difficult to impossible to
compact during wet weather conditions, or where seepage occurs.

We recommend that completed graded-areas be restricted from traffic or protected prior to
wet weather conditions. The graded areas may be protected by paving, placing asphalt-treated
base, placing a layer of free-draining material such as pit run sand and gravel or clean crushed rock
material containing less than 5 percent fines, or some combination of the above.

Erosion Control

Weathering, erosion and the resulting surficial sloughing and shallow land sliding are natural
processes that affect steep slope areas. As noted, no evidence of surficial raveling or sloughing was
observed at the site. To manage and reduce the potential for these natural processes, we
recommend the following:

1. No drainage of concentrated surface water or significant sheet flow onto or 50 feet of the
top of steep slope areas. ;

2. No fill should be placed within the buffer or setback zones unless retained by engineered
retaining walls or constructed as an engineered fill.

3. Grading should be limited to providing surface grades that promote surface flows away
from the top of slope to an appropriate discharge location.

Erosion protection measures will need to be in place prior to grading activity on the site.
Erosion hazards can be mitigated by applying BMPs outlined in the 2012 SWMMWW.

Wet Weather Earthwork Considerations

In the Puget Sound area, wet weather generally begins October 1% and continues through
April 30™, although rainy periods could occur at any time of year. It is encouraged that earthwork be
scheduled during the dry weather months of June through September. Some of the soils at the site
contain sufficient fines to produce an unstable mixture when wet. Such soil is highly susceptible to
changes in water content and tends to become unstable and impossible to proof-roll and compact if
the moisture content exceeds the optimum.

In addition, during wet weather months, the groundwater levels could increase, resulting in
seepage into site excavations. Performing earthwork during dry weather would reduce these
problems and costs associated with rainwater, construction traffic, and handling of wet soil.
However, should wet weather/wet condition earthwork be unavoidable, the following
recommendations are provided:

1. The ground surface in and surrounding the construction area should be sloped as much
as possible to promote runoff of precipitation away from work areas and to prevent
ponding of water.
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2. Work areas or slopes should be covered with plastic. The use of sloping, ditching, sumps,
dewatering, and other measures should be employed as necessary to permit proper
completion of the work.

3. Earthwork should be accomplished in small sections to minimize exposure to wet
conditions. That is, each section should be small enough so that the removal of
unsuitable soils and placement and compaction of clean structural fill could be
accomplished on the same day. The size of construction equipment may have to be
limited to prevent soil disturbance. It may be necessary to excavate soils with a backhoe,
or equivalent, and locate them so that equipment does not pass over the excavated area.
Thus, subgrade disturbance caused by equipment traffic would be minimized.

4. Fill material should consist of clean, well-graded, sand and gravel, of which not more than
5 percent fines by dry weight passes the US No. 200 sieve, based on wet-sieving the
fraction passing the 3-inch mesh sieve. The gravel content should range from between
20 and 50 percent retained on a US No. 4 mesh sieve. The fines should be non-plastic.

5. No exposed soil should be left uncompacted and exposed to moisture. A smooth-drum
vibratory roller, or equivalent, should roll the surface to seal out as much water as
possible.

6. In-place soil or fill soil that becomes wet and unstable and/or too wet to suitably compact
should be removed and replaced with clean, granular soil (see gradation requirements,
above).

7. Excavation and placement of structural fill material should be observed on a full-time
basis by a geotechnical engineer (or representative) experienced in wet weather/wet
condition earthwork to determine that all work is being accomplished in accordance with
the project specifications and our recommendations.

8. Grading and earthwork should not be accomplished during periods of heavy, continuous
rainfall.

We recommend that the above requirements for wet weather/wet condition earthwork be
incorporated into the contract specifications.

LIMITATIONS

We have prepared this report for use by OVAH I, LLC, and other members of the design team,
for use in the design of a portion of this project. The data used in preparing this report and this report
should be provided to prospective contractors for their bidding or estimating purposes only. Our
report, conclusions and interpretations are based on our subsurface explorations, data from others
and limited site reconnaissance, and should not be construed as a warranty of the subsurface
conditions.

Variations in subsurface conditions are possible between the explorations and may also occur
with time. A contingency for unanticipated conditions should be included in the budget and schedule.
Sufficient monitoring, testing and consultation should be provided by our firm during construction to
confirm that the conditions encountered are consistent with those indicated by the explorations, to
provide recommendations for design changes should the conditions revealed during the work differ
from those anticipated, and to evaluate whether earthwork and foundation installation activities
comply with contract plans and specifications.

/[ﬂ

GEORESOUR



OVAHIILLC.OrlandoSt.Phasell.RG.REV02.textonly.doc
January 21, 2020
page | 24

The scope of our services does not include services related to environmental remediation and
construction safety precautions. Our recommendations are not intended to direct the contractor's
methods, techniques, sequences or procedures, except as specifically described in our report for
consideration in design.

If there are any changes in the loads, grades, locations, configurations or type of facilities to be
constructed, the conclusions and recommendations presented in this report may not be fully
applicable. If such changes are made, we should be given the opportunity to review our
recommendations and provide written modifications or verifications, as appropriate.

* ¢ o
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We have appreciated the opportunity to be of service to you on this project. If you have any
questions or comments, please do not hesitate to call at your earliest convenience.

Respectfully submitted,
GeoResources, LLC

Undue Aty

Andrew Schnitger, EIT
Engineer in Training

L

[KEITH SCOTT SCHEMBS

Keith S. Schembs, LEG Eric W. Heller, PE, LG
Principal Senior Geotechnical Engineer
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SLOPED TO DRAIN

AWAY FROM STRUCTURE T-

P

PAVEMENT OR 18"
IMPERVIOUS SOIL

WALL BACKFILL
SEE NOTE

EXCAVATION SLOPE
CONTRACTOR'S REPSONSIBILITY

,ﬂ(/‘BELOW GRADE WALL

;| _—DRAINAGE SAND AND GRAVEL
' (SEE NOTE 3)

‘| —— DAMP PROOFING

; F‘WEEP HOLES (SEE NOTE 1)

/—-FLOOR SLAB

/‘VAPOH RETARDER

6" MIN ON SIDES OF PIPE;
2" BELOW

Notes

Washed pea gravel/crushed rock beneath floor slab could be
hydraulically connected to perimeter/subdrain pipe. Use of 1"
diameter weep holes as shown is one applicable method. Crushed
gravel should consist of 3/4” minus. Washed pea gravel should consist
of 3/8” to No. 8 standard sieve.

Wall backfill should meet WSDOT Gravel Backfill for walls Specification
9-03-12(2).

Drainage sand and gravel backfill within 18" of wall should be
compacted with hand-operated equipment. Heavy equipment should
not be used for backfill, as such equipment operated near the wall
could increase lateral earth pressures and possibly damage the wall.
The table below presents the drainage sand and gravel gradation.

All wall back fill should be placed in layers not exceeding 4" loose
thickness for light equipment and 8" for heavy equipment and should
be densely compacted. Beneath paved or sidewalk areas, compact to
at least 95% Modified Proctor maximum density (ASTM: 01557-70
Method C). In landscaping areas, compact to 90% minimum.

Drainage sand and gravel may be replaced with a geocomposite core
sheet drain placed against the wall and connected to the subdrain
pipe. The geocomposite core sheet should have a minimum
transmissivity of 3.0 gallons/minute/foot when tested under a gradient
of 1.0 according to ASTM 04716.

18" MIN

6" MIN

WASHED PEA GRAVEL/CLEAN
CRUSHED GRAVEL

PERIMETER / SUBDRAIN PIPE

6. The subdrain should consist of 4" diameter (minimum),
slotted or perforated plastic pipe meeting the requirements
of AASHTO M 304; 1/8-inch maximum slot width; 3/16- to 3/8-
inch perforated pipe holes in the lower half of pipe, with
lower third segment unperforated for water flow; tight joints;
sloped at a minimum of 6"/100' to drain; cleanouts to be
provided at regular intervals.

7. Surround subdrain pipe with 8 inches (minimum) of washed
pea gravel (2" below pipe” or 5/8” minus clean crushed gravel.
Washed pea gravel to be graded from 3/8-inch to No.8
standard sieve.

8. See text for floor slab subgrade preparation.

Materials
Drainage Sand and Gravel %" Minus Crushed Gravel
Sieve Size % Passing by Sieve Size % Passing by
Weight Weight
" 100 34" 100
No 4 28-56 %" 75 - 100
No 8 20-50 W 0-25
No 50 3-12 No 100 0-2
No 100 0-2 (by wet sieving) (non-plastic)
Not to Scale
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SOIL CLASSIFICATION SYSTEM

MAJOR DIVISIONS GROUP GROUP NAME
SYMBOL
GRAVEL CLEAN GW WELL-GRADED GRAVEL, FINE TO COARSE GRAVEL
GRAVEL
GP POORLY-GRADED GRAVEL
COARSE
GRAINED More than 50% GRAVEL GM SILTY GRAVEL
SOILS Of Coarse Fraction WITH FINES
Retained on GC CLAYEY GRAVEL
No. 4 Sieve
SAND CLEAN SAND SW WELL-GRADED SAND, FINE TO COARSE SAND
More than 50% SP POORLY-GRADED SAND
Retained on
No. 200 Sieve More than 50% SAND SM SILTY SAND
Of Coarse Fraction WITH EINES
Passes sC CLAYEY SAND
No. 4 Sieve
SILT AND CLAY INORGANIC ML SILT
FINE cL CLAY
GRAINED
SOILs Liquid Limit ORGANIC oL ORGANIC SILT, ORGANIC CLAY
Less than 50
SILT AND CLAY INORGANIC MH SILT OF HIGH PLASTICITY, ELASTIC SILT
More than 50% CH CLAY OF HIGH PLASTICITY, FAT CLAY
Passes
No. 200 Sieve Liquid Limit ORGANIC OH ORGANIC CLAY, ORGANIC SILT
50 or more
HIGHLY ORGANIC SOILS PT PEAT
NOTES: SOIL MOISTURE MODIFIERS:
i Field classification is based on visual examination of soil Dry- Absence of moisture, dry to the touch

in general accordance with ASTM D2488-90.
Moist-  Damp, but no visible water

2 Soil classification using laboratory tests is based on
ASTM D2487-90. Wet- Visible free water or saturated, usually soil is
obtained from below water table
3. Description of soil density or consistency are based on

interpretation of blow count data, visual appearance of
soils, and or test data.

Unified Soils Classification System
ﬁ Proposed Residential Development
P s i xxx - SE Orlando Street
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TOTAL DEPTH: 36.5' DRILLING METHOD: HSA LOGGED BY: AES/DC
TOP ELEVATION: 310 DRILLING COMPANY: Boretec 1, Inc HAMMER TYPE:
LATITUDE: DRILL RIG: RCT 60 Track Drill HAMMER WEIGHT: 140 Ibs
LONGITUDE: NOTES:
TEST RESULTS
Test Results
P é A 2 5 E Plastic Limit ———— Liquid Limit s E Ty
8| s SOIL DESCRIPTION vores: |STELE | tonan e 23| 328
|2 3| 8| & | % Fines (<0.075mm) o o3| §=
Penetration- A  (blows per foot)
1 30 40 50
i Gray sand with silt (SP-SM) (Medium dense, 1 T
moist)
4 -
Gray sand (SP) (Medium dense, moist) 2 788
1304
8-
+ 300 gray silty sand (SM) (Medium dense, moist) 3 1;3
1 8
12
T 296
i Silty Sand interbedded with sand lenses (SM) 4 4
| (Medium dense, moist) 6
16 5
1 ogo|9raY silty sand (SM) (Medium dense, moist) 5 15:)
13
20 gray silty sand (SM) (Medium dense, moist) 6l 17;}
1 6
T 288
1 gray sand with silt (SP-SM) (Medium dense, 17 9
moist) 9
10
24 =
| gray silty sand, more coarse (SM) (Medium 8 1%
+ 284 dense, moist) 5
28—
NOTES OVAHIILLC.OrlandoSt.Phll

1. Refer to log key for definition of symbols, abbreviations and codes
2. USCS designation is based on visual manual classification

and selected lab testing
3. Groundwater level, if indicated, is for the date shown and may vary
4. N.E. = Not Encountered
5. ATD = At the Time of Drilling

xxx - Orlando St
Port Orchard, Washington

LOG OF BORING B-101

JOB: OVAHIILLC.OrlandoSt.Phll sheet 1 or 2

GeoResources, LLC |

FIG.A-4




TOTAL DEPTH: 36.5' DRILLING METHOD: HSA LOGGED BY: AES/DC
TOP ELEVATION: 310 DRILLING COMPANY: Boretec 1, Inc HAMMER TYPE:
LATITUDE: DRILL RIG: RCT 60 Track Drill HAMMER WEIGHT: 140 1bs
LONGITUDE: NOTES:
TEST RESULTS
Test Results
o | & | 5| 5 |Plastic Limit F———— Liquid Limit szl s
5| 8 DRILLING |&| 2| 2 |9% Water Content ® S| 5&
§ _g eSS NOTES E g E* °/o Fines (<0.075mm) < % é £ g
] D(p| w|7° ! o
Penetration- A  (blows per foot)
10 20 30 40 50
280 gray poorly graded sand with silt (SP-SM) 6
i (Medium dense, moist) g
32
T 276
gray poorly graded sand with silt (SP-SM) 8
) (medium dense, moist) g
Bottom of Boring
Completed11.20.2019
1= 272
40—t
1- 268
44 -
1264
48
1260
521
1 256
NOTES OVAHIILLC.OrlandoSt.Phll

1. Refer to log key for definition of symbols, abbreviations and codes
2. USCS designation is based on visual manual classification

and selected lab testing
3. Groundwater level, if indicated, is for the date shown and may vary
4. N.E. = Not Encountered
5. ATD = At the Time of Drilling

xxx - Orlando St
Port Orchard, Washington

LOG OF BORING B-101

JOB: OVAHIILLC.OrlandoSt.Phll sheot 2 of 2

GeoResources, LLC | FIG. A-4




TOTAL DEPTH: 315 DRILLING METHOD: HSA LOGGED BY: AES/DC
TOP ELEVATION: 312 DRILLING COMPANY: Boretec 1, Inc HAMMER TYPE:
LATITUDE: DRILL RIG: RCT 60 Track Drill HAMMER WEIGHT: 1401bs
LONGITUDE: NOTES:

o0 TEST RESULTS

Test Results

= | g o| 5| g [PastoLmt ——— Uauiatmit| | o
a2l B DRILLING |2{ &| 2 |9 Water Content ® g sg
a | T SOIL DESCRIPTION & £ 3
8| 3 NOTES | &) & | 2 |9 Fines (<0.075mm) o 28| &=

Penetration- 4  (blows per foot)
10 20 30 40 50

Il gray sand (SP) (Loose, moist) gravelly
drilling
4-1-308
1 fine gray sand (SP) (Medium dense, moist)
8304
gray sand interbedded with silty sand (SP-SM) -
(medium dense, moist)
12 -1 300
i gray silt with sand (ML) (Soft, moist)
16 -1~ 296
Il gray silty sand (SM) (Medium dense, moist)
20 7 292 5jt with possible burnt wood fragment (SM) | 5" recovery |
1 (medium dense, moist)
| gray silty sand (SM) (medium dense, moist)
gray sand with some silt
24 288
gray sand with interbedded silt layers (SP)
(very dense, moist)
281284
NOTES OVAHIILLC.OrlandoSt.Phll

1. Refer to log key for definition of symbols, abbreviations and codes
2. USCS designation is based on visual manual classification

and selected lab testing
3. Groundwater level, if indicated, is for the date shown and may vary
4. N.E. = Not Encountered
5. ATD = At the Time of Drilling

xxx - Orlando St
Port Orchard, Washington

LOG OF BORING B-102

JOB: OVAHIILLC.OrlandoSt.Phll sneet 1 of 2

GeoResources, LLC | FiG.A-5




TOTAL DEPTH: 31.5 DRILLING METHOD: HSA LOGGED BY: AES/DC
TOP ELEVATION: 312 DRILLING COMPANY: Boretec 1, Inc HAMMER TYPE:

LATITUDE: DRILL RIG: RCT 60 Track Drill HAMMER WEIGHT: 140 1bs
LONGITUDE: NOTES:

TEST RESULTS
Test Results
- | 5 o| 5| 5 |Plastic Limit ———— LiquidLimit| _| o _
= = al & 0, c co
5|3 SOIL DESCRIPTION P 1Bl 2| 8 | YWl Coment, 8 £3| 2%
8| 8 3| &| & | % Fines (<0.075mm) o 3| &=
Penefration- 4  (blows per foot)
10 0 30 40 50
1 ‘gray silty sand (SM) (very dense, moist) 9 i
1 Bottom of Boring g

Bl=rgi Completed11/20/19
36 1276
401272
44 -1 268
48 1 264
52 1260

NOTES OVAHIILLC.OrlandoSt.Phll

1. Refer to log key for definition of symbols, abbreviations and codes
2. USCS designation is based on visual manual classification

and selected lab testing
3. Groundwater level, if indicated, is for the date shown and may vary
4. N.E. = Not Encountered
5. ATD = At the Time of Drilling
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