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Project Total Area: 23 acres
Project Development Area:
Number of Lots: 112

Summary Table

Drainage Basin Information Individual Basin Information
West East
On-Site Sub-Basin Area (acres) 15.988 6.349
Type of Storage Proposed Vault and rain Vaults
garden pond

Approx. Storage Volume (cu. ft.) 9,900 39,200

Soil Type(s) A/C and C A/B and C

Pre-developed Runoff Rates

Q (cfs) 2 yr. 0.109 0.082
10 yr. 0.216 0.160
100 yr. 0.353 0.259

Redevelopment Area
Post-development Runoff Rates

Q (cfs) 2 yr. 0.141 0.108
10 yr. 0.390 0.187
100 yr. 0.808 0.318

Offsite Upstream Area
Number of acres 19.473 0

Offsite Downstream Flow
Q (cfs) 100 yr. | Estimated 287 cfs at mouth of Picnic
Point Creek
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Executive Summary

This report has been prepared in support of a 112-lot subdivision on 23 acres
near Mukilteo. The project includes a mix of public and private on- site roads
as well as a series of pedestrian trails, some of which serve in lieu of on-
street sidewalks and the others as a network of more primitive recreational
trails.

Mature second-growth forest covers the site, most of which will be removed.
There is also significant elevation relief that will necessitate substantial re-
grading of the site to meet the maximum roadway grades. The soil profile on
the site consists of forest duff /topsoil over dense glacial till overlying sandy
gravel advance outwash. The degree of regrading on the site results in
significant areas where removal of the overlying glacial till exposes the
underlying, highly permeable sand layers. Conversely, filling existing low
areas will result in covering some of the permeable outwash soils with less
permeable till fill. Total flows from the site will continue to move as subsurface
flows to their natural locations.

Drainage Plan Description

Drainage on the developed site will be managed primarily by "Low Impact
Development" techniques supplemented by traditional storm sewer
conveyance system. The principal devices used to treat and attenuate
stormwater runoff are BRIAR swales (Bio-Retention, Infiltration and Recharge
Swales). These facilities are located along the edge of the roadway and serve
to collect, treat and convey runoff. During small rainfall events these swales
will effectively retain the runoff, allowing it to infiltrate through the compost-
amended soil and dissipate to groundwater and/or interflow. During larger or
prolonged events, the BRIAR system is designed to convey runoff to the
detention systems. . In addition to the BRIAR swales, a rain garden is
proposed for the central area of the West Basin and a biofiltration swale is
provided for treatment of runoff in the Northeast Basin.

Existing On-site Drainage Basins

There are two Threshold Discharge Areas on the site, West TDA and East
TDA. The West TDA, which is the larger of the two, encompasses roughly 16
acres with the East TDA containing approximately 7 acres. The West TDA
contains two ravines. Flows in the western ravine contribute to a wetland near
the northwest corner of the property. Flow from this wetland discharges via a
ditch to Picnic Point Creek. The eastern ravine's flow travels as groundwater
and/or interflows to Picnic Point Creek. Runoff in the East TDA likewise does
not appear as surface water. Runoff within this area is conveyed as
subsurface flows to Picnic Point Creek valley and ultimately to Picnic Point
Creek. Rainwater from the site infiltrates almost immediately, then travels as
groundwater and/or interflow toward Picnic Point Creek.
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Proposed

Proposed

Proposed

On-site Drainage Basins

The proposed system will maintain the two Threshold Discharge Areas, with
both TDA's being modeled using sub-basins. The largest of the West TDA
sub-basins and three of the four East TDA sub basins will be routed through
vaults. The remaining sub-basins will directly disperse runoff from the roof
downspouts, footing drains and yards.

Drainage System

The goal of the drainage system is to allow as much runoff to return as
subsurface flow as possible. The proposed drainage system will consist of
low-impact development techniques supplemented by catchbasins and pipes.
Alternative methods of managing storm water runoff from some individual
homes such as flow attenuation swales and amended soil infiltration systems
will be used. The proposal involves roadside BRIAR swales to collect street
and yard runoff. The driveways will permit drainage through a prism of
railroad ballast rather than traditional culverts. The driveways will also be
constructed with a shallow "V" profile to intercept driveway runoff and direct it
to the swales, as well as acting as an overflow channel for the swales.

Water Quality Measures
Infiltration through compost-amended soils and biofiltration will provide water

guality treatment. Water quality during construction will be ensured by
application and maintenance of appropriate water quality BMPs.

Downstream analysis

Upstream

The project is located in the Picnic Point Creek drainage basin. The easterly
basin will discharge to an existing storm sewer system in Picnic Point Road.
Flows from the westerly basin travel to a large wetland/stream system that
begins near the northwest corner of the site. This stream continues down the
west side of Picnic Point Road to discharge into Picnic Point Creek at the
Picnic Point Road crossing. The stream is not listed as a fish-bearing.
Snohomish County's Drainage Needs Report (DNR) analyzed this basin, and
these data were supplemented as part of this study with a survey of the creek
from the discharge of the Regatta Estates detention pond to the mouth of the
creek. The DNR did not identify significant erosion or flooding problems, and
this conclusion was corroborated by the recent survey. However, large woody
debris was identified as restricting flow in culverts under the BNSF railroad
and under the Picnic Point Road. This could lead to localized flooding,
particularly at Picnic Point County Park. The flow from the site will be
managed to maintain current flow conditions.

analysis
An area of 19.473 acres south of the site is developed as residential and

discharges to the head of the west ravine, based on a review of drawings
submitted to Snohomish County and site observations. However, discharge
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to the site does not appear to result in any concentrated surface flow. There
is no evidence of other surface flows entering the site from upstream areas.
The upstream subsurface flow to the west ravine will be collected and
conveyed by pipes and gravel drainage blankets constructed as part of this
project.
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1 Introduction

The Horseman'’s Trail Planned Residential Development (PRD) is a 112-lot
subdivision located near Mukilteo (Township 28N Range 4E Sections 32 and
33). The site occupies 23 acres south of Picnic Point Road and north of 136th
Place SW. The site is forested with mature second growth and has
considerable relief. Previous drainage studies for the site include a Targeted
Drainage Report for a proposed development of 67 townhouses (Higa
Engineering, Inc. 2000) and a Targeted Drainage Report for the currently
proposed development (Lervik Engineering 2006).

This Drainage Report has been prepared in accordance with the
requirements of Snohomish County UDC Chapter 30 and POL-3042.

2 Drainage System

2.1 Picnic Point Creek Basin
Picnic Point Creek basin has an area of about 1300 acres (approximately 2
square miles), of which about 1000 acres are upstream of the proposed
development (Figure 2-1). The maximum elevation within the basin is 580 ft
in the vicinity of Highway 99. Picnic Point Creek flows into Puget Sound at
Picnic Point County Park, and the site is located about three-quarters of a
mile from the mouth.

The geology and soils of the basin are dominated by Vashon till, a very
dense, low permeability silty fine sand that underlies the low relief, higher
elevation portions of the basin. Picnic Point Creek occupies a valley that is
deeply incised into the till plain. Advance outwash deposits of sand and
gravel that underlie the till form the valley sides in the middle and lower
sections of the valley. Older deposits underlie the valley bottom from the
mouth to about a mile upstream.

2.2 Site Existing Conditions
The site is on the south side of the Picnic Point Creek valley with elevations
ranging between 270 feet and 460 feet msl. The central and southern
portions of the site are relatively flat-lying, with elevations above about 400
feet msl. The northern portion of the site occupies the valley side. The site is
incised by two dry ravines running south to north. Areas south of the site and
to the north of the eastern portion of the northern boundary have been
developed with single-family residences. The remaining areas adjacent to the
site are currently undeveloped. The existing topography is shown on Figure
2-2.

The geology of the Horseman'’s Trail site is shown in Figure 2-3. The upland
central and southern portion of the site is underlain by Vashon till.
Recessional outwash overlying the till was observed locally. The upper 3to 5
feet of the till are frequently weathered and less dense than the underlying
unweathered till. The thickness of the till varies from zero in the sides of the
ravines and the slope above Picnic Point Road, to more than 50 feet where
the ground elevation is highest in the southeast corner of the site. The base
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of the till slopes to the northwest, from above 410 feet msl in the southeast to
below 360 feet msl in the northwest. The till is dense to very dense grey silt
and fine sand with occasional cobbles and boulders.

The advance outwash forms the sides of the ravines and the north-facing
slope above Picnic Point Road. This section of the advance outwash is a
brown coarse sand and gravel. Near surface, it is frequently loosened by tree
root growth and burrowing animals becoming dense to very dense with depth.

The lower sections of the north slope are locally mantled by colluvium. This is
soil that has been eroded, transported and deposited over geological time
from higher up the slope. The colluvium is similar to the advance outwash in
grain size, but is much less dense since it has not been subjected to
consolidation by ice loading.

Surficial soil conditions were evaluated by reviewing data available from the
USDA Natural Resources Conservation Service (2008). Site soils are
Alderwood gravelly sandy loam (2 to 8 percent slopes), and Alderwood-
Everett gravelly sandy loams (25 to 70 percent slopes). The Alderwood
gravelly sandy loam is formed where the underlying parent material is
Vashon till. It forms the mineral soil in the higher southern and central areas
of the site. The Alderwood-Everett gravelly sandy loams are a soil complex
(mixture) of Alderwood and Everett soil types. As noted above, the Alderwood
soils form on till, whereas the Everett soil type forms where the underlying
material is outwash. The Alderwood-Everett soils are found on the slopes of
the ravines and the sloping northern portion of the property.

Based on topography, the site has been divided into two Threshold Discharge
Areas (TDAs). A TDA is defined by Ecology as an “... onsite area draining to
a single natural discharge or multiple... locations that combine within one-
quarter mile downstream.” The West TDA is formed by the west basin, and
extends from the western property line to the topographic spine east of the
east ravine. The East TDA, formed by the northeast and southeast basins,
occupies the remainder of the site (Figure 2-4). All basins are forested with till
(soil type C) underlying the upland portions, and advance outwash (soil type
A/B) forming the ravine and valley slopes. Basin characteristics are
summarized in Table 2-1.

Table 2-1. Existing drainage basin characteristics.

Drainage Basin West Northeast | Southeast
Characteristics Basin Basin Basin
(acres) (acres) (acres)
A/B forest flat 0 0.002 0
A/B forest moderate 0.910 0.028 0.065
A/B Forest steep 6.936 0.202 0.229
C Forest flat 1.213 0.370
C Forest moderate 2.573 1.413 0.423
C Forest steep 4.357 1.929 1.690
Total areas 15.988 3.943 2.406
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A schematic of the drainage system is shown on Figure 2-5. Surface water
from the residential areas south of the site discharge to the west ravine (see
Section 4). The west TDA discharges by interflow to the wetland immediately
north of the property. This discharges via a roadside ditch to Picnic Point
Creek immediately downstream of the Picnic Point road crossing. Stormwater
from 133rd Avenue SW also discharges to this wetland based on a Regatta
Estates drawing (Trepanier Engineering 1993)).

The east TDA includes the northeast and southeast basins. The northeast
basin discharges by interflow to the

The only evidence of surface water flow on the Horseman'’s Trail site occurs
where the west ravine crosses the southern property line. The area was
visited shortly after a heavy rain on snow event in December 2007. For a
short distance north from the property line, the forest duff had been eroded
and washed sand and gravel was observed around vegetation clumps. The
course of the water was indistinct and disappeared about 100 feet north of
the property line. The source of the run-on to the property is believed to be
stormwater discharge form the developed area south of the site (see Section
4).

Over the remainder of the Horseman'’s Trail site, there is no evidence of
surface water. All precipitation infiltrates into the forest duff and underlying
mineral soil.

2.3 Site Developed Conditions
Grading the site to meet development requirements will result in changes to
existing drainage systems, and an increase in runoff since the interception
and evapotranspiration provided by the forest cover will be lost by clearing of
approximately 17.2 acres. Additionally, fill will be placed over some areas of
permeable soils, and in other areas, lower permeability till soils will be
removed exposing underlying more-permeable outwash soils. Site contours
and soil types following grading are shown on Figure 2-6. The principal
change from the existing conditions is the filling of the two ravines using soil
excavated from the central area of the site. It is anticipated that the excavated
soil will be primarily till, and therefore the resulting fill will be low permeability.
The hydraulic conductivity of compacted fill was determined in laboratory to
be of 0.011 ft/day (Anthony Burgess Consulting Inc. 2013b)

The stormwater management proposed for the development is a combination
of conventional and Low Impact Drainage (LID) technologies, including:

« Detention in ponds and vaults, with controlled discharge,

e Reduction of impervious area to minimize runoff generation,

e Use of compost-amended soil to promote storage and infiltration, and

reduce runoff,

« Dispersion of runoff from non-pollution generating surfaces,

e Swales to convey stormwater and allow infiltration,

e Rain gardens for storage and infiltration of runoff.

Page 10



Horseman'’s Trail PRD September 2013
Targeted Drainage Report

The drainage basins for the developed site are shown in Figure 2-7. The
West and East TDAs are described below. Details of calculations for
stormwater quantity and water quality treatment are provided in Attachment
A.

The West TDA consists of the basins identified as West 1 through 6,
Northwest and North. The West TDA will discharge via interflow and surface
flow to the west ravine and wetland and is shown schematically in Figure 2-8.
The north basin includes the roofs and backyards of lots 9 through 28. The
stormwater will infiltrate into compost-amended and native soil. Lots 9
through 15 will be located on the fill for the east ravine. As noted above, this
material will be predominately till and will have a low permeability. In order to
avoid introducing runoff into the fill retaining structure, drainage will be
provided to an infiltration trench to the west for runoff that exceeds the local
infiltration capacity. The northwest basin is a small area on the west side of
the west ravine. This area will not be changed from the existing conditions
and will remain forest.

Basins west 6 and west 1 cover lots 7 and 8, lots 29 through 47, the open
space east of lots 47 and 48, the front yards of lots 9 through 28, and 58th
Place W between lots 7 and 30. Basin west 6 represents the area underlain
by fill, whereas basin west 1 is underlain by advance outwash. Drainage is to
a BRIAR swale (Bio-retention, Infiltration and recharge Swale) along the
south side of 58th Place SW. The swale will discharge to a vault located on
the east side of the west ravine and behind lots 29 and 30. From the vault,
stormwater will discharged to the west ravine. The channel in the ravine will
include rock weirs and armoring to prevent erosion. Because of the potential
for erosion, alternatively, discharge could be reduced or eliminated by
additional infiltration or conveyed around the valley to Picnic Point Road
drainage along existing easements. The ravine channel discharges to the
wetland immediately north of the site property boundary, and ultimately to
Picnic Point Creek immediately downstream of the Picnic Point Road
crossing. Analyses of the BRIAR swale include infiltration and storage for the
section in basin west 1 located on the advance outwash, but only storage for
the section in basin west 6 located on fill. The swale will also provide water
guality treatment.

Basins west 3 and west 2 cover the roofs and backyards of lots 48 to 60 and
the open space to the north of these lots. Basin west 3 represents the area
underlain by fill, and till whereas basin west 2 is underlain by advance
outwash. Drainage is to a BRIAR swale along the northern side of the open
space. The swale will discharge to a rain garden at the western end of the
open space. This will provide storage and infiltration of runoff, with overflow
directed to the vault behind lots 29 and 30.

Basins west 5 and west 4 cover lots 61 through 85, the front yards of lots 48
through 60, and 60th Avenue W. Basin west 5 represents the area underlain
by till or fill. Basin 4 is predominately underlain by advance outwash, except
for the western portion where there is fill for the west ravine. Drainage is to a
BRIAR swale along the southern side 60th Avenue W. The swale will
discharge to a vault located on the east side of the west ravine and behind
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lots 29 and 30. Analyses of the BRIAR swale include infiltration and storage
for the section in basin west 4 located on the advance outwash, but only
storage for the sections in basins west 4 and 5 located on fill. The swale will
also provide water quality treatment.

The East TDA consists of basins northeast 1 and 2, east and southeast, and
is shown schematically in Figure 2-9. Basin northeast 2 covers lots 86
through 94, the section of 60th Avenue W adjacent to lots 92 through 94, the
front yards of lots 98 through 106 and the adjacent section of the private
road. The entire basin is underlain by till. Drainage from lots 86 through 94
will be to the east. A BRIAR swale along the east side of the private road will
convey runoff to basin northeast 1. Since the swale is located on till, it will
provide water quality treatment and storage, but not infiltration. Basin
northeast 1 covers lots 1 through 6, lots 95 through 97, the roofs and
backyards of lots 98 through 100, the eastern portion of the open area north
of lot 98, and adjacent sections of 60th Avenue W and 58th Place SW.
Drainage from 60th Avenue W and the BRIAR swale from the northeast 2
basin will be conveyed in a pipe to the head of a sinuous rock lined open
channel with weirs leading down the slope from 60th Avenue W to 58th Place
SW. The BRIAR swale along the southwest side of 58th Place SW will
convey this runoff together with runoff from lots 1 through 6 and the adjacent
section of 58th Place SW to a vault southeast of lot 1, and will provide water
guality treatment, storage and infiltration. The vault is located on advance
outwash and will be constructed to allow infiltration. From the vault,
stormwater will discharge to the roadside ditch on the south side of Picnic
Point Road that ultimately discharges to Picnic Point Creek immediately
downstream of the Picnic Point Road crossing.

The east basin covers the roofs and backyards of lots 101 through 110. The
stormwater will be dispersed and infiltrate into compost-amended and native
soil. Ground surface will be sloped to the northeast to direct any interflow to
the undisturbed forest area. From the forest area at the foot of the slope, any
remaining interflow will be intercepted by the drainage system for the
retaining structure on the west side of 58th Place W in Regatta Estates.
Drainage for this section of Regatta Estates is conveyed to the retention pond
on the north side of Picnic Point Road at 133rd Place SW.

The southeast basin covers the front yards of lots 107 through 110, lots 111
and 112, and the eastern end of the private road. Drainage will be provided
by a BRIAR swale along the northeastern side of the private road. Since the
basin is underlain by till, the swale will provide only water quality treatment
and stormwater storage. The swale will discharge to a vault between lots 111
and 112. The vault will discharge by a pipe to the drainage system for
Regatta Estates. Addition of this stormwater flow was included in the design
of the Regatta Estates drainage system.
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3 Analyses

3.1 Flow Control
The stormwater management system is designed to meet Minimum
Requirement #7 for flow control in the Stormwater Manual for Western
Washington (SMWW, 2005). Minimum Requirement #7 specifies that
stormwater discharges to streams shall match developed discharge durations
to predeveloped durations for the range of predeveloped discharge rates from
50% of the 2-year peak flow up to the full 50-year peak flow. In general,
matching discharge durations between 50% of the 2-year and 50-year will
result in matching the peak discharge rates in this range. Analyses were
performed using the Western Washington Hydrologic Model WWHM3
(Washington Department of Ecology 2007). Details of the analyses and
results are presented in Attachment A. The principal flow control features are:

e Infiltration of roof downspout flows for lots that are located on outwash
soils,

» BRIAR swales to convey stormwater and allow infiltration where the
swales are located on outwash soils,

e Avrain garden in the western part of the site (east of lots 31 and 32)
with dimensions 50 feet by 42 feet and a depth of 2.1 feet to the top of
the riser,

e Aninfiltration vault (West Vault) west of lots 29 and 30, with
dimensions 20 feet by 20 feet and depth of 5 feet to the top of the
riser,

e Aninfiltration vault (Northeast Vault) southeast of lot 1, with
dimensions 80 feet by 40 feet and depth of 10 feet to the top of the
riser,

e A vault (Southeast Vault) in the cul-de-sac adjacent to lots 110, 111,
and 112, with dimensions 40 feet by 20 feet and depth of 9 feet to the
top of the riser.

3.2 Water Quality
Water quality treatment will be provided by the BRIAR swales. Where swales
are located over till or fill soils, infiltration will be negligible and the swales will
provide biofiltration treatment. Swales located on outwash soils will provide
infiltration as well as biofiltration. Design of the swales follows the approach in
the Surface Water Manual for Western Washington (Department of Ecology
2005). Detailed calculations are presented in Attachment B.

A typical swale cross-section is shown in Figure 3-1. The base width of all
swales will be 2 feet, except for the swale for the southeast basin which will
have a base width of 2.5 feet. This additional width is required to provide
adequate treatment and compensate for the short available length of the
swale. The swales are designed for continuous inflow along the length of the
swale, with an average residence time of 18 minutes.
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4 Erosion

The erosion hazard for the site is evaluated based upon the criteria identified
in Snohomish County Rule 3044 (2006). The site soils are Alderwood and
Everett, with erosion hazard values of Medium and Low respectively. The
parent materials are Vashon till and advance outwash, with the steepest
slopes in the range of 15 to 25 percent, for an erosion hazard value of
Medium. Overall, the site therefore has an erosion hazard value of Medium.
The area of the site that will be disturbed for construction is 17.2 acres
(Snohomish County 2008 Table 2.6-1). For the disturbed area, the maximum
average slope is less than 15 percent and the steepest slope is less than 33
percent. A critical area (wetland) is located with in one-quarter mile
downstream of the stormwater discharge from the West TDA. The site is
upstream of a stormwater path that does not flow directly into an ESA stream,
and additional BMPs can be implemented as corrective measures. The site is
therefore assessed as in the High Risk category for erosion. Winter grading
of the site may be considered and therefore a Level 2-3 Stormwater Pollution
Prevention Plan (SWPPP) is required. The SWPPP for the site is presented
in Attachment C.

5 Upstream Analysis

Stormwater runoff from about 10.5 acres of the residential area south of the
site discharges to the head of the west ravine (Figure 4-1). Review of
drawings submitted to Snohomish County identified four drainage basins:

e Offsite basin 1. This basin covers 61st Place W and 139th Place SW
(Forest Landing Divisions 1 and 2) and is based on Kegel &
Associates (1981). The basin has an area of 5.996 acres and contains
18 single family residences. The drawing shows drainage to a pond
and depression in the northwest corner of the plat, and then north to a
drainage easement on Windsound Division 5 (offsite basin 2).

e Offsite basin 2. This basin covers the western portion of 137th Place
SW and is based on Lovell-Sauerland & Associates, Inc. (1983). The
basin has an area of 7.769 acres and contains 25.5 single family
residences. The drawing shows drainage from offsite basin 1 entering
the plat with an intake and trash screen to a 12-inch CMP located
between lots 25 and 26. Discharge from offsite basin 2 is a manifold
outfall near the northern plat boundary between lots 11 and 12.

e Offsite basin 3. This basin covers 136th Place SW and is based on
Columbia Land Surveying and Engineering (1987). The basin has an
area of 4.190 acres and contains 10 single family residences. The
drawing shows drainage collection by a 12-inch CMP with discharge
to the west ravine between lots 7 and 8. Drainage from offsite basin 2
enters this basin at the head of the west ravine on lot 8 as surface
flow.

- Offsite basin 4. This basin covers the east end of 136" Place SW and
is based on Lovell-Sauerland & Associates, Inc. (1983). The basin
has an area of 1.518 acres and contains 5 single family residences.
The drawings indicate that the basin discharges from a pipe to the
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head of the west ravine on lot 7, where surface flow from offsite basin
3 enters.

Estimates of runoff from the offsite basins has been estimated using WWHM3

(Washington Department of Ecology 2007). Details are provided in
Attachment A and summarized in Table 4-1.
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Table 4-1. Estimated flows and frequency for off-site area discharging to west ravine

within Horseman'’s Trail.

Flow Frequency Flow
(years) (cfs)

2 1.5459

5 2.2471

10 2.7663

25 3.4859

50 4.0691

100 4.6933

6 Downstream Analysis

The downstream analysis for the proposed site development is contained in a

separate report (Anthony Burgess Consulting 2013c)

7 Geotechnical Reports and Other Analyses

A number of geotechnical studies have been undertaken for the site by
Associated Earth Sciences, Inc. (1998, 2005, 2006a and 2006b). Based on
these studies it was concluded that the site could be developed for single
family residential development. The geology and geotechnical properties of
the subsurface was investigated and documented in these reports.

In late 2007, Snohomish County retained Anthony Burgess Consulting Inc. to
provide a peer review of geological, groundwater and surface water related to
the proposed development. The results of the reviews are presented in
reports to Snohomish County (Anthony Burgess Consulting Inc. 2013a,

2013b and 2013c)
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