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Walsh Hills Stormwater Site Plan

SECTION 1 — PROJECT OVERVIEW

This drainage report is provided to describe the existing stormwater conditions and proposed drainage
improvements associated with the Walsh Hills PRD and Unit Lot Subdivision project. The project site is
comprised of a single property (Snohomish County tax parcel no. 280607001-03600) with a total area of
approximately 19.3 acres. The project proposes to re-develop the property site into 19 detached single-
family residential lots and 94 fee-simple single-family residential lots, private tracts, and public right-of-way
dedication. This report is provided to identify the applicable storm drainage standards and to summarize the
analysis and design provisions proposed for the project to comply with the 2012 Department of Ecology
Stormwater Management Manual for Western Washington, as amended in December 2014, as specified by
the Snohomish Municipal Code (SMC), section 15.16.020.

The vicinity map provided below as Figure 1 illustrates the general location of the property. The site is
located at 1705 and 1711 Terrace Avenue, Snohomish WA, 98290. More generally the site is
located in a portion of the NE V4, Section 7, Township 28 North, Range 6 East, W.M. and a portion
of the NW V4, Section 7, Township 28 North, Range 6 East, W.M. in Snohomish County, Washington.
(see Vicinity Map below).

K

VICINITY MAP SCALE. 122000

Figure 1 — Vicinity Map
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The project site is currently comprised of 1 tax parcel (Snohomish County tax parcel no. 280607001-03600)
totaling approximately 19.3 acres adjacent to the east side of Terrace Avenue. Steep slopes encumber the
eastern portions of the site and development will be restricted to the western portion of the property. The
developable area of the site slopes moderately away from a topographic high near its central region. This
central area is currently occupied by a series of paved driveways and an assemblage of buildings. It contains
a number of buildings supporting the Snohomish Chalet and Delta Foundation, a retirement and assisted living
community. The north and east perimeters of the site are heavily forested and the western frontage has a
sparse grouping of trees and open lawn areas. A number of trees of varying type, age, and health conditions
exist on portions of the site.

The west 230 feet and approximately 3.5 acres of the site is zoned Single Family Residential (SF) and the
remaining 15.8-acre portion east of that line is zoned Medium Density Multifamily Residential (MD). Detached
single-family residences are the principal land use for the SF zone according to Snohomish Municipal Code
(SMC) 14.205.020. The MD zone permits both single-family and multifamily residential uses at an allowable
density of 18 dwelling units per acre per SMC 14.205.020. This stormwater report addresses the stormwater
requirements for the entire parcel, which will include a separate Subdivision and PRD application for the
western portion and a Unit Lot Subdivision for the eastern portion of the site. The proposed development will
subdivide a 19.3-acre property to create 113 new single-family residential lots. 19 lots will be single family
homes and 94 lots will be fee-simple single family homes.

The eastern portion of the site contains steep slopes and will remain undeveloped and contained in a
Critical Area tract. The Walsh Hills project will create and/or replace a total of approximately 8.73 acres of
impervious surfaces. Approximately 3.88 acres of impervious surface currently exist onsite and will be
removed and or replaced with the development . The site has two basins that flow primarily as sheet and
shallow concentrated flows. The east basin flows from higher elevations near the center of the project site to
lower elevations in the east, flowing over steeps slopes adjacent to Machias Road. Runoff from the site then
flows through a culvert that runs beneath Machias road to an existing wetland to the east. The west basin
flows from the high point near the center of the project site to lower elevations to the west, and are collected
by the roadside ditch along Terrace Avenue.

The developed site is required to provide Basic Water Quality treatment in addition to flow control
standards in accordance with 2014 Department of Ecology Stormwater Management Manual for Western
Washington (SMMWW) criteria and Snohomish County Drainage Manual for portions discharging outside of
the City limits. Flow control will be provided by a detention vault for each onsite basin. The vaults will be
located in the southeast and southwest portions of the developed area. The below-grade vault proposed in
the southeastern portion of the site will have a control structure discharging to an existing culvert located
adjacent to the west side of Machias Road. The culvert runs to the east below Machias Road and conveys
stormwater to an existing wetland. Basic water quality tfreatment will be provided by a Contech water quality
treatment manhole located downstream of the detention vault. The below-grade vault proposed in the
southwestern portion of the site will have a control structure discharging to the proposed storm drainage
system located in the western portion of the Terrace Avenue frontage and a wetpool for water quality
treatment. A small portion of Terrace Avenue near the southwest corner of the site will bypass detention, this
area will be treated by a Contech stormfilter catch basin located along the east side of Terrace Avenue and
conveyed to the existing storm system.
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On-site Soil Conditions

The soils of the project area are characterized generally by the Natural Resource Conservation Services
(NRCS) as Tokul gravelly medial loam, O to 8 percent slopes and Tokul-Winston gravelly loam, 25 to 65
percent slopes.

A site-specific investigation of the existing geotechnical conditions was performed by Terra Associates, Inc.
A copy of their Geotechnical Engineering Report (May 15, 2020) and the NRCS soils data is provided in
Appendix A of this report for reference.

CPH Project No. 035-19-030 November 6, 2020
C|P|H CONSULTANTS Page 4



Walsh Hills Stormwater Site Plan

SECTION 2 — CONDITIONS AND REQUIREMENTS SUMMARY

Compliance with Project Drainage Requirements

The storm drainage analysis and facilities design for this project are proposed in general accordance with the
2012 Department of Ecology Stormwater Management Manual for Western Washington, as amended in
December 2014, as specified by current Snohomish Municipal Code (SMC), section 15.16.020 and Snohomish
County Drainage Manual, whichever is more stringent. The project is classified as a re-development and will
result in greater than 5,000 square-feet of new impervious surface, therefore all nine Minimum Requirements
for stormwater management specified by the manual are applicable.

Minimum Requirements

1. Preparation of Stormwater Site Plans: Stormwater site plans and storm drainage report herein have
been prepared for the subject project. Refer to Section 7 and Appendix F of this report for the
downstream analysis.

2. Stormwater Pollution Prevention Plan (SWPPP): The SWPPP is summarized in Section 5. A detailed
SWPPP in accordance with Department of Ecology General Construction Stormwater Permit conditions
will be available on the job site prior to construction.

3. Source Control of Pollution: Source control Best Management Practices (BMPs) will be installed on
site to the maximum extent practicable. These will include educational information in the CC&Rs for
the residences regarding limiting use of phosphate fertilizers and recommendations to wash vehicles
offsite at commercial car wash centers.

4. Preservation of Natural Drainage Systems and Outfalls: The site has two basins; one that discharges
to the east with an ultimate discharge to Pilchuck River. The west basin discharges to the southwest
towards Johnson Road NE and has an ultimately discharges to Pilchuck River.

5. On-site Storm Water Management: Storm water will be detained, treated, and released at a
controlled rate by the two onsite vaults with a wetpool or water quality treatment vault located
downstream. BMPs were evaluated and Post-Construction Soil Quality and Depth will be
implemented.

6. Runoff Treatment: Basic Water Quality Treatment is required for this project. A proprietary water
quality filtration facility located downstream of the detention vault will provide treatment to runoff
from the east basin while a wetpool within the west vault will provide treatment for the western basin.
A stormfilter catch basin will treat a small portion of the runoff from Terrace Avenue which will bypass
detention. Figures 3 and 4 illustrate the developed site plan for the project.

7. Flow Control: Stormwater will be detained and released at a controlled rate by two onsite vaults
located in the southeast and southwest portion of the developed site area. Design details of the flow
control facilities are described in Section 6 of this report and is as required by current storm drainage
requirements. Figures 3 and 4 illustrate the developed site plan for the project.

8. Wetlands Protection: No wetland protection is proposed with or required by this project.

9. Operation and Maintenance: The on-site storm drainage facilities within the right-of-way are
proposed to be publicly maintained. The vaults are also proposed to be publicly owned and
maintained. Section 8 further describes these requirements. A site-specific operations and
maintenance is provided in Appendix E.
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SECTION 3 - EXISTING SITE CONDITIONS

The project site is currently comprised of a single tax parcel (Snohomish County tax parcel no.
280607001-03600) totaling approximately 19.3 acres adjacent to the east side of Terrace Avenue. Steep
slopes encumber the eastern limits of the site and development will be restricted to the western portion of the
property. The developable area of the site slopes moderately away from a topographic high near its central
region. This central area is currently occupied by a series of paved driveways and an assemblage of
buildings. It contains a number of buildings supporting the Snohomish Chalet and Delta Foundation, a
retirement and assisted living community. The north and east perimeters of the site are heavily forested and
the western frontage has a sparse grouping of trees and open lawn areas. A number of trees of varying
type, age, and health conditions exist on portions of the site. The front approximately 230 feet of the site
along the east frontage of Terrace Avenue is currently zoned Single Family Residential (SF). The majority and
remaining portion of the site is zoned Medium Density Residential (MD).

The site is comprised of two drainage sub-basins that flow primarily as sheet and shallow concentrated
flows. The east basin flows from a ridge running through the project site north to south, to lower elevations in
the east, flowing down steep slopes towards Machias Road. The west basin flows from that same ridge to
lower elevations in the west, towards Terrace Avenue. Steep topography in the eastern portion of the site will
be contained in a Critical Area tract and will remain undeveloped with the proposed project. Appendix F of
this report contains a detailed analysis/description of the offsite and downstream drainage systems.

Soils are Tokul gravelly medial loam with slopes ranging from O to 8 percent and Tokul-Winston gravelly
loam, 25 to 65 percent slopes. Appendix A contains a copy of the site-specific geotechnical report for the
project along with the applicable NRCS data.
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SECTION 4 — UPSTREAM SITE CONDITIONS

The site is bordered by Terrace Avenue to the west, Machias Road to the east, and single-family
residences in the north and south. Due to the existing topography it is minimal sheet flow runoff from
surrounding properties could flow onsite given the existing topography. A ridge exists on the project site
allowing all runoff to flow away from the site. Thus, there are no existing upstream drainage subbasins
expected to contribute runoff to the site.
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SECTION 5 - SWPPP

Storm Water Pollution Prevention Plan (SWPPP)

1. Mark Clearing Limits
To prevent disturbance of project areas not designated for construction, a construction clearing limits
fence or silt fence will be installed by the Contractor. These fences will be installed in accordance with
the details and specifications provided in the Plans prior to any clearing and grading activities.

2. Establish Construction Access
Primary access to the site will be limited from the Terrace Avenue rights-of-way during construction.
The contractor shall limit the amount of sediment transported by motor vehicles and track equipment
onto paved roads or other offsite areas by the use of quarry spall construction entrance(s).

3. Control Flow Rates
The proposed detention vault will serve stormwater runoff from the project site. This facility may be
used in conjunction with other temporary erosion control BMP’s to control the release rate and water
quality of surface water from active construction areas.

4. Install Sediment Controls
On-site sediment retention will be controlled by a combination of silt fence, temporary interceptor
trenches, sediment traps or ponds, and inlet protection for existing catch basins as shown on the Plans.
The contractor shall inspect and provide regular maintenance of these facilities throughout the
duration of construction to ensure maximum sediment control. In addition, existing permanent storm
drainage collection and conveyance facilities may be used to direct runoff from construction work
areas to the on-site vault in the southeastern portion of the site to contain or provide additional
capacity for storm water runoff volumes from construction areas.

5. Stabilize Soils
Temporary and permanent cover measures will be provided by the Contractor to protect disturbed
areas. Straw mulching is typically used to provide temporary protection from erosion at exposed soil
areas. Plastic covering may also be used in order to protect cut and fill slopes, and/or to encourage
grass growth in newly seeded areas. Disturbed areas that remain unworked for at least 7 days will
be seeded and mulched to provide permanent cover measure and to limit erosion potential.

Woater will be used by the Contractor as allowed by local agency regulations and applicable SCDM
standards to prevent wind transport of exposed soils. Exposed soils will be sprayed until wet and re-
sprayed as needed during dry weather periods.

6. Protect Slopes
The project does not require any disturbance of soils within steep slope or erosion hazard areas.
Temporary and permanent seeding to stabilize exposed soil areas is expected to be sufficient for
protecting on-site slopes—whether constructed or at disturbed native areas. Plastic covering may also
be used to protect cut and fill slopes if seasonal limitations warrant and/or to encourage grass
growth in newly seeded areas. The contractor shall take all practical efforts including installation of
temporary interceptor ditches to direct potential storm water runoff away from the top of on-site
slopes.

7. Protect Drain Inlet
All storm drain inlets made operable during construction or otherwise existing in the vicinity of work
areas shall be protected using pre-manufactured filter fabric catch basin inserts to protect against
construction storm water runoff entering the conveyance system. The Contractor will be responsible

CPH Project No. 035-19-030 November 6, 2020
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for maintenance of all temporary sediment control BMP’s during construction, including removal of
accumulated sediment, as well as for the ultimate removal of these controls and remaining
accumulated sediment upon completion of construction.

8. Stabilize Channels and Outlets
Methods of protection may include silt fence installation and maintenance, catch basin inserts, and
temporary interceptor ditches. Stormwater runoff will generally be conveyed to the existing storm
drainage system on-site for conveyance to the detention and treatment facility. Vegetated areas shall
be maintained whenever possible or practical to provide for natural filtration of construction storm
water discharges.

9. Control Pollutants
Special provisions shall be taken to reduce the risk of pollutant contamination from the construction
access, concrete handling/wash areas, and sawcutting /surfacing activities. Vehicle maintenance shall
only be performed at approved on-site areas and only after proper containment devices are in
place downstream of those areas. Any flammable or otherwise hazardous liquids shall be stockpiled
only at the approved construction staging area.

10. Control Dewatering
Runoff from dewatering operations shall be suitably filtered using approved areas of native
vegetation, setting tanks or other mechanical filtration facilities, or direct discharge to the existing on-
site drainage facilities if volumes meet permit standards.

11. Maintain BMPs
All TESC measures will be inspected and maintained on a regular basis following the maintenance
requirements identified for each in the Plans and/or the project’s Storm Water Pollution Prevention
Plan (SWPPP). An ESC supervisor will be designated by the Contractor and the name, address and
phone number of the ESC supervisor will be given to the regulatory jurisdiction prior to the start of
construction.

The ESC supervisor will inspect the site at least once a month during the dry season, weekly during the
wet season, and within 24 hours of each runoff-producing storm event. An ESC maintenance report
will be used as a written record of all maintenance in accordance with the project SWPPP

12. Manage the Project
The Contractor will be responsible for the phasing of erosion and sediment controls during construction
so that they are adequately coordinated with all construction activities. The Contractor will be
responsible for maintenance of all temporary sediment control BMP’s during construction, including
removal of accumulated sediment, as well as for the ultimate removal of these controls and cleaning
of existing permanent storm drainage facilities upon completion of construction.
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SECTION 6 — DEVELOPED SITE CONDITIONS

The hydrologic analysis of the runoff conditions for this project is based on drainage characteristics such
as basin areq, soil type, and land use (i.e., pervious vs. impervious) in accordance with the applicable
standards of the 2012 Department of Ecology Stormwater Management Manual for Western Washington
(SMMWW), as amended in December 2014. The 2012 Western Washington Hydrology Model (WWHM)
software was used to evaluate the stormwater runoff conditions for the project site and to design the on-site
flow control facilities. The following is a summary of the results of the analysis and the proposed drainage
facility improvements for this project.

Existing Site Hydrology

The existing conditions of the site are shown by Figure 2. The existing drainage basins are shown in Figure
5. Historic site conditions (i.e., fully forested) were considered in the WWHM analysis of the pre-developed
site to establish allowable target release rates for the developed project in accordance with SWMMWW
standards for Conservation (i.e., Stream Protection Duration) Flow Control. The predeveloped land
characteristics used in the WWHM model analysis are summarized in Table 6.1

Table 6.1 — Land Use Cover, Pre-Developed Site Conditions

Sub-basin Total Basin Land Cover (Acres)

Descripti
Name ST Area (ATes) | imperviovs | _Lawn €| Forest ___

East Pre'd‘;‘; :'°'°e°' 7.59 0.00 0.00 7.59
East Pre-developed 7.57 0.61 0.00 6.96
Downstream site
West Pre'd:ivt:bped 5.82 0.00 0.00 5.82
Offsite North _
Pre-developed 0.93 0.45 0.48 0.00
(Flow Through) site

The project site was analyzed as two onsite drainage basins to determine the pre-developed runoff
conditions based on the site topography and natural ridge through the central region of the site. An offsite
basin, adjacent to the northwest property boundary, was also included due to offsite runoff being collected
by the west vault in the developed condition. This offsite basin was modelled as existing conditions in both
pre-developed and developed scenarios as it will remain undisturbed during construction.

Runoff from the east basin travels primarily as sheet and shallow concentrated flow from the center of the
project site towards Machias Road. An existing culvert conveys runoff from the east basin below Machias
Road easterly to a wetland which acts as the point of compliance for this basin. This wetland is located on a
portion of a vacant property also owned by applicant for this project, although this parcel is not a part of the
subdivision. Water collected on this parcel is temporarily impounded on this parcel by an old railroad
embankment which now serves as the Centennial Trail and by Three Lakes Road. There was no outlet pipe
observed on the property and ponded water is believed to move laterally through the porous fill of the
Centennial Trail embankment or subsurface to a lower, vacant parcel east of the trail.

CPH Project No. 035-19-030 November 6, 2020
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Stormwater runoff from the west basin flows primarily west from the same central ridge of the site to a
shallow ditch along Terrace Avenue. These existing conditions were evaluated with the WWHM software and
a report showing input and results is provided in Appendix B.

Developed Site Hydrology

The site is planned to be improved with paved public roads, storm drainage systems, and public and
private utility infrastructure in support of 113 individual single-family residential lots. Primary and emergency
access to the site will be provided by Terrace Avenue. Maximum lot coverages of 55% and 60% were
assumed for all lots located within the Single-Family Residential (SF) and Medium Density Residential (MDR)
zones respectively. Flow control for the east basin will be provided by a vault located in the southeast portion
of the site, with a discharge to an existing culvert on the west side of Machias Road which leads to an existing
wetland on the east side of Machias Road.

Flow control for the west basin will be provided by a vault located in the southwest portion of the site
which will discharge to the proposed storm system in Terrace Avenue. This proposed public storm system
continues southerly along Terrace Avenue and discharges to an existing culvert on the east side of Terrace
Avenue approximately 450 feet downstream of the project site. A small portion of Terrace Avenue near the
southwest corner of the site will bypass detention, this area has been designated as the southwest bypass
basin.

Figure 6 shows the developed site sub-basin. The developed land use conditions displayed in Table 6.2
were used as the developed site conditions for the WWHM model.

Table 6.2 — Land Use Cover, Developed Conditions

Total Area Land Cover (Acres)

Sub-basin Name Description
(Acres) | imporvious | Forest | __Lawn |

East Basin Developed site 9.84 6.36 0.38 3.10
East Downstream Developed Site 7.57 0.61 0.00 6.96
West Basin Developed site 3.39 2.23 0.00 1.16
Southwest Bypass Developed Site 0.18 0.14 0.00 0.04
Offsite North .
(Flow Through) Developed site 0.93 0.45 0.48 0.00

The results of the developed site runoff analysis and hydrologic model are summarized in Table 6.4 and
6.5 below, and the detailed WWHM report is provided in Appendix B.

Flow Control

The storm drainage analysis and facilities design for this project are proposed in general accordance with
the 2012 Department of Ecology Stormwater Management Manual for Western Washington, as amended in
December 2014. The hydrologic analysis of the runoff conditions for the project site is based on drainage
area characteristics such as basin area, soil type, and land use (i.e., pervious, impervious). WWHM software
was used to evaluate the storm water hydrology /runoff conditions for the detention vault.

CPH Project No. 035-19-030 November 6, 2020
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The onsite storm drainage vaults have been designed to provide flow control for both the east and west
basins of the site. Discharge from the facilities is released at a controlled rate in accordance with SWMMWW
standards. A two-orifice flow control riser is proposed for the outlet control structure for the west basin vault
to achieve conformance with the release to downstream system in Terrace Avenue. A two-orifice flow control
riser is proposed for the outlet control structure for the east basin vault to achieve conformance with the
release to downstream system off site. The sizes of the orifices on the risers have been designed to control the
release durations to match the historic, pre-developed site conditions from 50% of the 2-year event up to the
50-year event. Tables 6.4, 6.5, 6.6a and 6.6b summarizes the WWHM results for the flow control analysis
for the project. The full WWHM results are provided in the report in Appendix B.

Table 6.4 — Predeveloped Peak Design Flows

Land-Use Peak Flows at Point of Compliance (cfs)
St
East Basin Pre-Developed 0.87 1.76 2.90
West Basin | Pre-Developed 0.45 0.87 1.37

Table 6.5 — Developed Peak Design Flows

Land-Use Peak Flows at Point of Compliance (cfs)

Condition
East Basin Developed 0.66 1.12 1.64
West Basin Developed 0.27 0.46 0.82

Table 6.6a —Walsh Hills East Vault Detention Volumes

Vault Live Storage Surface Area 13,104 SF
Live Storage Depth (incl. freeboard) 13.0°
Detention Volume 163,800 CF
Riser Height 12.5’
‘Riser Diam. 18”
Orifice 1 Diam. @ 0.00’ 1.90”
Orifice 2 Diam. @ 6.75’ 2.25”
Table 6.6b —Walsh Hills West Vault Detention Volumes

Vault Live Storage Surface Area 4,524 SF
Live Storage Depth (incl. freeboard) 6.4’
Detention Volume 26,692 CF
Riser Height 5.9’
Riser Diam. 18”
Orifice 1 Diam. @ 0.00’ 2.2188"
Orifice 2 Diam. @ 3.20° 2.25”
Orifice 3 Diam. @ 4.20° ™"

CPH Project No. 035-19-030 November 6, 2020

C|P|H CONSULTANTS Page 12



Walsh Hills Stormwater Site Plan

Water Quality

The SWMMWW requires all proposed projects that create greater than 5,000 sf of pollution-generating
impervious surfaces (PGIS) provide water quality facilities to treat runoff of these surfaces. The project is a
single-family residential project with detached homes located within both Single Family and Medium Density
Residential (MD) zones. This moderate density residential project requires Basic Water Quality treatment.
Basic water quality standards will be met via a Contech water quality manhole with PSorb media cartridges
for the east basin and a wetpool located within the detention vault for the west basin. A small portion of
Terrace Avenue near the southwest corner of the site will bypass detention, this area will be treated by a
Contech stormfilter catch basin (also with PSorb media) located along the east side of Terrace Avenue and
conveyed to the existing storm system. Additional details for these facilities are provided in Appendix C.

Conveyance Facilities

The project proposes to collect on-site runoff from the east basin and convey it to the stormwater detention
vault located in the southeast portion of the site. Controlled discharges will be conveyed via an 18-inch HDPE
tightline down the steep slope area and released to an existing culvert on the west side of Machias Road.

Runoff from the west basin will be collected and conveyed to a combined detention and water quality vault
located in southwest portion of the site. The controlled storm water discharge from this vault will then be
conveyed to the south within a proposed conveyance system which will discharge to an existing drainage ditch
along the east side of Terrace Avenue approximately 450 feet downstream of the site. Surface runoff will be
collected by roof drains, roadway and yard inlets, and a system of below grade pipes on the site. These
systems convey runoff to the onsite vaults for flow control and water quality treatment as needed.

The pavement widening and improved pedestrian (i.e., sidewalk) facilities required along the Terrace Avenue
frontage will eliminate existing driveway culverts and drainage diches. These drainage facilities will be
replaced by continuous concrete vertical curb and gutter, catch basin inlets, and below grade pipes. These
new facilities will collect and convey runoff south to the west storm drainage vault. Conveyance calculations
will be provided with final engineering.

CPH Project No. 035-19-030 November 6, 2020
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OnSite Stormwater Management

Per Section 1-2.5.5 of the 2014 SWMWW, projects triggering Minimum Requirements #1-9 are required to
meet the Low Impact Performance Standard and BMP T5.1 3: Post-Construction Soil Quality and Depth; or List
#2. Per List #2, the applicable BMPs have been evaluated below in Table 6.8:

Table 6.8 — BMP Analysis

Post-Construction BMPT5.13 will be implemented for
Lawn T5.13 Soil Quality and Yes both basins of the project site.
Depth
Dispersion infeasible due to steep
Roof T5.30 Full dispersion No slopes and insufficient flowpaths
available onsite
Roof T15.10A I?own-spout Full No Infll.trq'rl?n |nfe05|ble due to g-;!qcml
Infiltration Systems till soils with low permeability
Roof 17.30 Bioretention No B.lore'r?n'hon |nfe.0|5|b|e due to
insufficient available space
Downspout Dispersion infeasible due to steep
Roof T5.10B . R P No slopes and insufficient flowpaths
Dispersion Systems . .
available onsite
Roof 15.10C Perforated .s'rub No Inf||'1rc1'r|<'>n |nfe05|b|e due to g!qcml
out connections till soils with low permeability
Other Dispersion infeasible due to steep
Hard T5.30 Full dispersion No slopes and insufficient flowpaths
Surfaces available onsite
Other Permeable Permeable pavement infeasible
Hard T5.15 No due to glacial till soils with low
Pavement .
Surfaces permeability.
Other Bioretention infeasible due to
Hard T7.30 Bioretention No insufficient available space
Surfaces
Other Dispersion infeasible due to steep
heet fl
Hard T5.12 S -ee 'ow No slopes and insufficient flowpaths
dispersion . .
Surfaces available onsite

Individual lot BMPs will be further evaluated with Building Permit once final building products are determined.
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SECTION 7 — DOWNSTREAM ANALYSIS

An investigation of the current storm drainage conditions downstream of the site was performed to
evaluate potential runoff contributions to the onsite storm water systems as well as to identify any downstream
constraints. Appendix F contains the complete Offsite Drainage Analysis report detailing that analysis and
findings.
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SECTION 8 — OPERATIONS AND MAINTENANCE MANUAL

The on-site storm drainage facilities that are the subject of this report and that are being proposed with
the project will be publicly maintained. These drainage systems include catch basins, storm conveyance pipes,
treatment facilities, and detention vaults located on the east and west side of the site. These drainage systems
have been designed in accordance with the applicable provisions of the SWMMWW, a site-specific
Operations and Maintenance Manual addressing the maintenance of these facilities is provided in Appendix
E.
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EXISTING BOUNDARY, TOPOGRAPHIC, AND PLANIMETRIC INFORMATION SHOWN ON THIS PLAN AND OTHERS IN THIS SET WERE USED AS A BASIS FOR DESIGN AND REPRESENT FIELD SURVEY
DATA AND MAPPING PREPARED BY AXIS SURVEY & MAPPING, AS PROVIDED BY THE PROJECT OWNER, AND DOES NOT REPRESENT WORK BY CPH CONSULTANTS. THE FOLLOWING SURVEY

DATA WAS PROVIDED WITH THE TOPOGRAPHIC MAP BY AXIS SURVEY AND MAPPING:

LEGAL DESCRIPTION

BEGINNING AT THE NORTHEAST CORNER OF SECTION 7, TOWNSHIP 28 NORTH, RANGE € EAST
WM., KING COUNTY, WASHINGTON.

THENCE WEST ALONG THE NORTH LINE OF SECTION 7 TO THE NORTHWEST CORNER OF THE
NORTHWEST QUARTER OF THE NORTHEAST QUARTER OF THE NORTHEAST QUARTER OF SAID
SECTION 7;

THENCE SOUTH ALONG THE WEST LINE OF THE NORTHWEST QUARTER OF THE NORTHEAST
QUARTER OF THE NORTHEAST QUARTER TO THE SOUTHWEST CORNER OF SAID NORTHWEST
QUARTER OF THE NORTHEAST QUARTER OF THE NORTHEAST QUARTER;

THENCE EAST TO THE SOUTHEAST CORNER OF THE NORTHEAST QUARTER OF THE NORTHEAST
QUARTER OF THE NORTHEAST QUARTER, SAID POINT BEING ON THE WEST LINE OF SECTION 8,
TOWNSHIP 28 NORTH, RANGE 6 EAST, W.M.;

THENCE SOUTH ALONG THE WEST LINE OF SECTION 8 TO A POINT IN THE CENTERLINE OF THE
COUNTY ROAD, SAID POINT BEING 824.7 FEET SOUTH OF THE NORTHWEST CORNER OF SECTION
8

THENCE NORTHERLY ALONG THE CENTERLINE OF THE COUNTY ROAD TO THE NORTH LINE OF
SECTION 8;

THENCE WEST ALONG THE NORTH LINE OF SAID SECTION 8 TO THE TRUE POINT OF BEGINNING;
EXCEPT ANY PORTION WMITHIN COUNTY ROADS.
SITUATE IN THE COUNTY OF SNOHOMISH, STATE OF WASHINGTON.

VERTICAL DATUM
NAVD '88 PER WGS SURVEY CONTROL POINT DESIGNATION SS04.

HORIZONTAL DATUM
NAD '83/11

BASIS OF BEARING
ORIGINATING BENCHMARK: WGS SURVEY CONTROL POINT SS04
FOUND 4"x4” CONCRETE POST WITH LEAD PLUG LEANING EASTERLY, ELEV.: 149.87.

IEMPORARY BENCHMARKS:
TBM ‘A’ SET MAG NAIL AND AXIS CONTROL WASHER ON WEST SIDE OF TERRACE AVE £113.6"

SOUTHWESTERLY OF NORTHWEST BOUNDARY CORNER; ELEV.: 285.
TBM B’ TOP OF FOUND REBAR AND CAP AT SOUTHWEST BOUNDARY CORNER, ELEV. 284.88.

TBM 'C' SET REBAR AND RED CONTROL CAP ON EASTERLY SIDE OF MACHIAS RD +241.7°
SOUTHEASTERLY OF THE SECTION CORNER, ELEV. 58.35.

NOTES

THE INFORMATION DEPICTED ON THIS MAP REPRESENTS THE RESULTS OF A SURVEY MADE ON
JANUARY 30, 2020 AND CAN ONLY BE CONSIDERED AS INDICATING THE GENERAL CONDITIONS
EXISTING AT THAT TIME.

THIS SURVEY MEETS UNITED STATES NATIONAL MAP ACCURACY STANDARDS FOR VERTICAL
ACCURACY OF ONE HALF THE CONTOUR INTERVAL.

s ////

o / =
o s 1% ///////,5 g //
,;3 i / / ;/ 4/,;@/ M, a1 4}577;%//” / /

B2 2 LY

)
///// ;H)/// )//17/'

i

i
Il ////////’/ 7,

////// //////(

60 120
™, |
PLAN IN FEET

FIGURE 2 - EXISTING SITE CONDITIONS
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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Custom Soil Resource Report

Area of Interest (AOIl)

MAP LEGEND

= Spoil Area

Area of Interest (AOI)

& Stony Spot
Soils A Very Stony Spot
Soil Map Unit Polygons =
bl Wet Spot
— Soil Map Unit Lines !
A Other
o Soil Map Unit Points

Special Point Features

Special Line Features

Water Features

(] Blowout

Streams and Canals
Borrow Pit

Transportation

-1 Clay Spot Rails
o Closed Depression — Interstate Highways
;H; Gravel Pit US Routes
S Gravelly Spot Major Roads
@ Landfil Local Roads
n Lava Flow Background
o Marsh or swamp - Aerial Photography
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Iy Slide or Slip
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Snohomish County Area, Washington
Survey Area Data: Version 21, Sep 16, 2019

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Sep 26, 2018—Oct
16, 2018

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.




Custom Soil Resource Report

Map Unit Descriptions (Walsh Hills)

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
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shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Snohomish County Area, Washington

72—Tokul gravelly medial loam, 0 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2t61k
Elevation: 160 to 1,150 feet
Mean annual precipitation: 45 to 70 inches
Mean annual air temperature: 46 to 52 degrees F
Frost-free period: 140 to 200 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Tokul and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tokul

Setting
Landform: Till plains, hillslopes
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Side slope, tread
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Volcanic ash mixed with loess over glacial till

Typical profile
Oi - 0 to 1 inches: slightly decomposed plant material
Oa - 1 to 2 inches: highly decomposed plant material
A - 2to 6 inches: gravelly medial loam
Bs1 - 6to 9inches: gravelly medial loam
Bs2 - 9to 17 inches: gravelly medial loam
Bs3 - 17 to 24 inches: gravelly medial loam
BC - 24 to 33 inches: gravelly medial fine sandy loam
2Bsm - 33 to 62 inches: cemented material

Properties and qualities

Slope: 0 to 8 percent

Depth to restrictive feature: 20 to 39 inches to cemented horizon; 20 to 39 inches
to densic material

Natural drainage class: Moderately well drained

Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)

Depth to water table: About 18 to 36 inches

Frequency of flooding: None

Frequency of ponding: None

Available water storage in profile: Moderate (about 8.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3s
Hydrologic Soil Group: B
Forage suitability group: Limited Depth Soils (GO02XN302WA), Limited Depth
Soils (GO02XF303WA)
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Hydric soil rating: No

Minor Components

Pastik
Percent of map unit: 5 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Barneston
Percent of map unit: 5 percent
Landform: Kames, eskers, moraines
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Crest, interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Norma
Percent of map unit: 3 percent
Landform: Depressions, drainageways
Landform position (three-dimensional): Dip
Down-slope shape: Concave, linear
Across-slope shape: Concave
Hydric soil rating: Yes

Mckenna
Percent of map unit: 2 percent
Landform: Depressions, drainageways
Landform position (three-dimensional): Dip
Down-slope shape: Concave, linear
Across-slope shape: Concave
Hydric soil rating: Yes

77—Tokul-Winston gravelly loams, 25 to 65 percent slopes

Map Unit Setting
National map unit symbol: 2j08
Elevation: 150 to 1,900 feet
Mean annual precipitation: 40 to 80 inches
Mean annual air temperature: 46 to 50 degrees F
Frost-free period: 140 to 200 days
Farmland classification: Not prime farmland

Map Unit Composition
Tokul and similar soils: 60 percent
Winston and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

11
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Description of Tokul

Setting
Landform: Till plains, escarpments
Parent material: Volcanic ash over basal till

Typical profile
H1 - 0to 4 inches: gravelly medial loam
H2 - 4to 22 inches: gravelly medial loam
H3 - 22 to 31 inches: gravelly medial fine sandy loam
H4 - 31 to 60 inches: gravelly sandy loam

Properties and qualities
Slope: 25 to 65 percent
Depth to restrictive feature: 20 to 40 inches to densic material
Natural drainage class: Moderately well drained

Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

low (0.00 to 0.06 in/hr)
Depth to water table: About 18 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 5.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Hydric soil rating: No

Description of Winston

Setting
Landform: Escarpments
Parent material: Volcanic ash and glacial outwash

Typical profile
H1 - 0 to 3 inches: gravelly ashy loam
H2 - 3 to 25 inches: gravelly fine sandy loam
H3 - 25 to 60 inches: extremely gravelly coarse sand

Properties and qualities

Slope: 25 to 65 percent

Depth to restrictive feature: 20 to 40 inches to strongly contrasting textural
stratification

Natural drainage class: Somewhat excessively drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water storage in profile: Moderate (about 7.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: B
Hydric soil rating: No

12
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D.R. Horton

11241 Slater Avenue NE, Suite 200
Kirkland, Washington 98033

Subject: Geotechnical Report
Terrace Avenue Development
1711 Terrace Avenue
Snohomish, Washington

Dear Ms. Hulquist:

As requested, we conducted a geotechnical engineering study for the subject project. The attached report presents
our findings and recommendations for the geotechnical aspects of project design and construction.

The site soils generally consist of approximately six to eight inches of organic topsoil overlying medium dense to
very dense silty sand with varying amounts of gravel (weathered and unweathered glacial till). The test borings
showed the glacial till soils to the termination of the test borings. We did not observe groundwater seepage in the
test pits although light to moderate groundwater seepage was observed in the test borings.

In our opinion, the native and existing inorganic fill soils on the site will be suitable for support of the proposed
construction, provided the recommendations presented in this report are incorporated into project design and
construction.

We trust the information presented in this report is sufficient for your current needs. If you have any questions or
require additional information, please call.

Sincerely yours,
TERRA ASSOCIATES, INC.
/7 )

W/ 5-15-2020

12220 113th Avenue NE, Ste. 130, Kirkland, Washington 98034
Phone (425) 821-7777 » Fax (425) 821-4334
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Geotechnical Report
Terrace Avenue Development
1711 Terrace Avenue
Snohomish, Washington

1.0 PROJECT DESCRIPTION

The project consists of redeveloping the site with 19 single-family residences in the western portion of the site and
94 townhome units in the central portion of the site along with two stormwater detention vaults, associated utilities,
landscaping, and access. The eastern steep slope would remain undeveloped. Based on the grading plan prepared
by CPH Consultants, dated May 12, 2020 grading to achieve building lot and roadway elevations will consist of
cuts and fills from 1 to 20 feet. Part of the grading consists of constructing a maximum 18-foot retaining wall near
the top of the steep slope. Other vertical grade transitions will be supported with retaining walls as well.

Site stormwater will be collected and direct to one of two stormwater detention vaults located in the southeast and
southwest corners of the site. The discharge pipe for the southeast vault will extend to the east down the steep slope
and connect to the existing stormwater system.

We expect that the single-family residences and townhome units will be two- to three-story, wood-frame buildings
with the main floors framed over a crawlspace with an attached garage constructed at grade. The structural loading
carried by building foundations for the single-family residences and townhome buildings are expected to be
relatively light, in the range of 2 to 6 kips per foot for bearing walls and 30 to 60 kips for isolated columns.

The recommendations contained in the following sections of this report are based on our understanding of the above
design features. We should review design drawings as they become available to verify that our recommendations
have been properly interpreted and incorporated into project design and to amend or supplement our
recommendations, if required.

2.0 SCOPE OF WORK

On August 29, 2019, we observed the soil and groundwater conditions in 8 test pits excavated with a track-mounted
mini-excavator to depths of approximately three to ten feet below existing surface grades. On September 17,2019
and September 18, 2019, we supplemented this data by drilling 2 borings to depths of 100 feet below existing
surface grades. Using the results of our field study and laboratory testing, analyses were undertaken to develop
geotechnical recommendations for project design and construction. Specifically, this report addresses the
following:

e Soil and groundwater conditions.

e Geologic Hazards per the City of Snohomish Municipal Code.

e Seismic Design Parameters per the current International Building Code (IBC).
e Site preparation and grading.

e Relative slope stability.

e Excavations
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e Foundations
e Floor slabs.
e Stormwater facilities.
o Infiltration feasibility.
e Drainage
e Utilities
e Pavements

It should be noted that recommendations outlined in this report regarding drainage are associated with soil strength,
design earth pressures, erosion, and stability. Design and performance issues with respect to moisture as it relates
to the structure environment are beyond Terra Associates’ purview. A building envelope specialist or contactor
should be consulted to address these issues, as needed.

3.0 SITE CONDITIONS

3.1 Surface

The site is an approximately 19-acre parcel located at 1711 Terrace Avenue in Snohomish, Washington. The
approximate site location is shown on Figure 1.

The majority of the site is currently developed with a single-family residential structure, an office building, eight
warehouse buildings, and associated access and landscaping. The eastern portion of the site is undeveloped and
covered with a moderate forest and associated understory. Site topography is generally flat with a slight slope from
west to east that transitions to a steep slope in the eastern, undeveloped portion of the site. The relatively flat portion
of the site has an overall relief of approximately 30 feet. The eastern steep slopes have an overall relief of
approximately 210 feet.

3.2 Soils

In general, the soil conditions observed consist of approximately six to eight inches of organic topsoil overlying
medium dense to very dense silty sand with varying amounts of gravel (weathered and unweathered glacial till) to
the termination of the test pits. The exception to this general condition was observed in Test Pit TP-3 where we
observed approximately nine feet of medium dense till-like and organic fills overlying the unweathered glacial till
deposits.

The test borings showed the glacial till soils are present to the termination of the test borings. We observed an
approximately 4- to 8-foot thick layer of hard silt with sandy interbeds at approximately 45 to 55 feet below current
site grades.
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May 15, 2020
Project No. T-8204

The Geologic Map of the Snohomish Quadrangle, Snohomish County, Washington by J.P. Minard (1985) maps the
site as Till (Qvt). The native soils observed in the test pits and test borings are generally consistent with this mapped

geology.

The preceding is intended to be a general review of the soil conditions encountered. For more detailed descriptions,
please refer to the Test Pit and Test Boring Logs in Appendix A.

3.3 Groundwater

No groundwater seepage was observed in the test pits. We observed light to moderate groundwater seepage in Test
Boring B-1 at depths of 23 feet and 50 feet, and in Test Boring B-2 at depths of 6 and 56 feet. The shallow seepage
at Test Boring B-2 was observed at the contact between the upper weathered till and underlying unweathered till.
Additionally, we did observe mottled soils, which is typically an indication that shallow, perched, groundwater
seepage develops during the wet winter months. We expect that perched groundwater levels and flow rates at the
site will fluctuate seasonally with the highest levels occurring during and shortly following the winter months
(November through May).

The deeper points of seepage observed in the test borings were observed within coarsely-grained zones at the
interface between the unweathered till and hard silts as well as atop silt interbeds. This groundwater seepage would
not be significantly affected by seasonal weather variations and will be present during the drier summer and fall
months.

34 Geologic Hazards

We evaluated site conditions for the presence of geologic hazards including erosion hazard areas, landslide hazard
areas, and seismic hazard areas in accordance with the City of Snohomish Municipal Code, specifically Section
14.275.

3.4.1 Erosion Hazard Areas

Section 14.275.010.B.1 of the City of Snohomish Municipal Code (SMC) defines erosion hazard areas as “areas
identified by the U.S. Department of Agriculture’s Natural Resources Conservation Service as having a moderate-
to-severe, severe, or very severe rill and inter-rill (sheet wash) erosion hazard.”

The soils observed in the western and central portions of the site are classified as Tokul gravelly medial loam, zero
to eight percent slopes by the United States Department of Agriculture Natural Resources Conservation Service
(NRCS). Over these portions of the site with the existing slope gradients, these soils will have a slight potential for
erosion when exposed. The soils observed in the eastern, steep slope portion of the site are classified as Tokul-
Winston gravelly loams, 25 to 65 percent slopes by the NRCS. Over this portion of the site with the existing slope
gradients, these soils will have a severe potential for erosion when exposed and; therefore, meet the above criteria
for an erosion hazard area per the SMC.

However, as only the western and central portions of the site are to be developed, it is our opinion that provided the
eastern portion of the site remains in its current condition, the site is not an erosion hazard area per the SMC.
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Regardless, erosion protection measures as required by the City of Snohomish will need to be in place prior to the
start of construction activities.

3.4.2 Landslide Hazard Areas

Section 14.275.010.B.2 of the SMC defines landslide hazard areas as “areas subject to landslides based on
geology, soils, topography, and hydrology, including:

a. Areas delineated by the U.S. Department of Agriculture’s Natural Resources Conservation Service as
having a severe limitation for building site development.

b. Areas mapped by the Washington Department of Ecology (Coastal Zone Atlas) or the Washington
State Department of Natural Resources (slope stability mapping) as unstable (U or class 3), unstable old
slides (UOS or class 4), or unstable recent slides (URS or class 5).

c. Areas designated as quaternary slumps, earthflows, mudflows, lahars, or landslides on maps published
by the U.S. Geological Survey or Washington State Department of Natural Resources.

d. Areas where the following coincide: slopes steeper than fifteen percent, relatively permeable sediment
overlying a relatively impermeable sediment or bedrock, and ground water seepage.

e. Areas that have shown movement in the past ten thousand years or that are underlain or covered by
mass wastage debris of that time frame.

f. Slopes that are parallel or sub-parallel to planes of weakness (such as bedding planes, joint systems,
and fault planes) in subsurface materials.

g. Slopes steeper than eighty percent subject to rock fall during seismic shaking.

h. Areas potentially unstable because of rapid stream incision, stream bank erosion, and undercutting by
wave action.

i. Areas at risk from snow avalanches.
j. Canyons or active alluvial fans subject to debris flows or catastrophic flooding.

k. Slopes of 40 percent or steeper with a vertical relief of 10 or more feet except areas composed of
consolidated rock.”

Existing site topography in the western and central portions of the site consists of a slight slope with little to no risk
of mass movement due to geologic, topography, or hydrologic factors. The steep slope located in the eastern portion
of the site has an overall relief of approximately 210 feet with grades of up to 85 percent, meeting condition ‘k’
listed above. Therefore, the eastern portion of the site would be considered a landslide hazard area per the SMC.
As such, the code-required setbacks and buffers will need to be included in the drawings. Section 4.3 below details
our analysis of the slope’s stability and includes a determination of the appropriate setbacks and buffers.
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3.4.3 Seismic Hazard Areas

Section 14.275.010.B.3 of the SMC defines seismic hazard areas as “areas subject to severe risk of damage as a
result of earthquake induced ground shaking, slope failure, settlement, soil liquefaction, lateral spreading, or surface
faulting. One indicator of potential earthquake damage is a record of past earthquake damage. Settlement and soil
liquefaction occur in areas underlain by cohesionless, loose, or soft-saturated soils of low density, typically in
association with a shallow groundwater table.”

Liquefaction is a phenomenon where there is a reduction or complete loss of soil strength due to an increase in
water pressure induced by vibrations. Liquefaction mainly affects geologically recent deposits of fine-grained sands
underlying the groundwater table. Soils of this nature derive their strength from intergranular friction. The
generated water pressure or pore pressure essentially separates the soil grains and eliminates this intergranular
friction; thus, eliminating the soil’s strength.

Based on the soil and groundwater conditions observed, it is our opinion that the risk of liquefaction-related impacts
to the proposed structures would be negligible. It is also our opinion that there is little to no risk for severe damage
resulting from seismically induced settlement. Therefore, in our opinion, the site does not contain seismic hazard
areas as defined by the SMC.

3.5 Seismic Design Parameters

Based on the site soil conditions and our knowledge of the area geology, per the current International Building Code
(IBC), Site Class C should be used in structural design.

4.0 DISCUSSION AND RECOMMENDATIONS

4.1 General

Based on our study, there are no geotechnical conditions that would preclude development of the site, as currently
planned. The residential and townhome structures can be supported on conventional spread footings bearing on
competent native soils, competent existing fill, or on structural fill placed on the competent soils underlying the
organic topsoil. Floor slabs and pavements can be similarly supported.

The native and existing fill soils encountered at the site contain a significant amount of fines and will be difficult to
compact as structural fill when too wet. The ability to use these soils from site excavations as structural fill will
depend on their moisture content and the prevailing weather conditions at the time of construction. If grading
activities will take place during winter, the owner should be prepared to import clean granular material for use as
structural fill and backfill.
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Any development in the vicinity of Test Pit TP-3 should take into account the presence of the organic fill material
below the till-like fills. Any organic fill material would not present a suitable bearing surface due to the potential
for settlement following the decay of organic material over time. As site grading progresses, it may be necessary
to improve the upper ground conditions by excavation and re-compaction where organic soils are encountered to
achieve a suitable bearing surface. The need for overexcavation and replacement should be determined by
observations in the field during grading.

Detailed recommendations regarding these issues and other geotechnical design considerations are provided in the
following sections of this report. These recommendations should be incorporated into the final design drawings
and construction specifications.

4.2 Site Preparation and Grading

To prepare the site for construction, all vegetation, organic surface soils, and other deleterious materials should be
stripped and removed from the site. We expect surface stripping depths of about six to eight inches will be required
to remove the organic surficial soils. Organic soils will not be suitable for use as structural fill but may be used for
limited depths in nonstructural areas or for landscaping purposes. Demolition of existing structures should include
removal of existing foundations and abandonment of underground septic systems and other buried utilities.
Abandoned utility pipes that fall outside of new building areas can be left in place provided they are sealed to
prevent intrusion of groundwater seepage and soil.

As noted above, the existing organic fill material observed in Test Pit TP-3 would not be suitable for support of
building elements. The need for and lateral extent of over excavation and replacement should be determined in the
field during grading.

Once clearing and grubbing operations are complete, cut and fill operations to establish desired building grades can
be initiated. A representative of Terra Associates, Inc. should examine all bearing surfaces to verify that conditions
encountered are as anticipated and are suitable for placement of structural fill or direct support of building and
pavement elements. Our representative may request proofrolling exposed surfaces with a heavy rubber-tired vehicle
to determine if any isolated soft and yielding areas are present. If unstable yielding areas are observed, they should
be cut to firm bearing soil and filled to grade with structural fill. If the depth of excavation to remove unstable soils
is excessive, use of geotextile fabric such as Mirafi 500X or equivalent in conjunction with structural fill can be
considered in order to limit the depth of removal. In general, our experience has shown that a minimum of 18
inches of clean, granular structural fill over the geotextile fabric should establish a stable bearing surface.

The native soils observed at the site contain a sufficient amount of fines (silt and clay size particles) that will make
them difficult to compact as structural fill if they are too wet or too dry. Accordingly, the ability to use these soils
from site excavations as structural fill will depend on their moisture content and the prevailing weather conditions
when site grading activities take place. Soils that are too wet to properly compact could be dried by aeration during
dry weather conditions or mixed with an additive such as cement or lime to stabilize the soil and facilitate
compaction. If an additive is used, additional Best Management Practices (BMPs) for its use will need to be
incorporated into the Temporary Erosion and Sedimentation Control (TESC) plan for the project. Soils that are dry
of optimum should be moisture conditioned by controlled addition of water and blending prior to material
placement.
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If grading activities are planned during the wet winter months, or if they are initiated during the summer and extend
into fall and winter, the owner should be prepared to import wet weather structural fill. For this purpose, we
recommend importing a granular soil that meets the following grading requirements:

U.S. Sieve Size Percent Passing
6 inches 100
No. 4 75 maximum
No. 200 5 maximum#*

*Based on the 3/4-inch fraction.

Prior to use, Terra Associates, Inc. should examine and test all materials imported to the site for use as structural
fill.

Structural fill should be placed in uniform loose layers not exceeding 12 inches and compacted to a minimum of 95
percent of the soil’s maximum dry density, as determined by American Society for Testing and Materials (ASTM)
Test Designation D-1557 (Modified Proctor). The moisture content of the soil at the time of compaction should be
within two percent of its optimum, as determined by this ASTM standard. In nonstructural areas, the degree of
compaction can be reduced to 90 percent.

4.3 Relative slope stability

Part of our investigation was to determine the appropriate buffers and setbacks for the proposed development from
the eastern steep slope. In order to determine the buffers and setbacks, we have completed three slope stability
analyses. The analyses were performed at locations designated as Cross Sections A-A’, B-B’, and C-C’ using the
computer program Slide 2018. The approximate cross section location is shown on Figure 2.

Our analysis considered both static and pseudostatic (seismic) conditions. A horizontal acceleration of 0.15g was
used in the pseudostatic analysis to simulate slope performance under earthquake loading. This value is based on
the maximum considered earthquake (MCE) peak ground acceleration (PGA) adjusted for pseudostatic analysis
following procedures outlined in Section 6.2.2 of the FHWA-NHI-11-032 Seismic Design — Geotechnical Features
Manual.

Based on our field exploration, laboratory testing, and previous experience with similar soil types, we chose the
following parameters for our analysis:

Table 1 — Slope Stability Analysis Soil Parameters

Soil Type Umt(l}zl;;lght Frl(g:g;é::)gle Cohesion (psf)
Dense to very dense silty
SAND with gravel 125 40 500
(unweathered till)
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The results of our slope stability analysis, as shown by the lowest safety factors for each condition, are presented in
the following table:

Table 2 — Slope Stability Analysis Results

Cross Section Minimum Safety Factors

Existing Conditions

Post Construction

AA° 1.88 1.88
(Seismic FS =1.37) | (Seismic FS =1.37)
B.B’ 1.57 1.57
(Seismic FS =1.20) | (Seismic FS = 1.20)
C-C’ 2.15 1.91

(Seismic FS = 1.54)

(Seismic FS = 1.38)

Based on our analysis, the proposed construction must maintain a 10-foot buffer with a 15-foot building setback
from the crest of the steep slope. No clearing should occur on the slope areas that are steeper than 40 percent or
within their respective 10-foot buffer areas. In our opinion, a slope monitoring and inspection program would not
be necessary as construction activities are not planned to take place on the steep slopes. The results of our analysis
are attached in Appendix B.

4.4 Excavations

All excavations at the site associated with confined spaces, such as utility trenches, must be completed in accordance
with local, state, and federal requirements. Based on regulations outlined in the Washington Industrial Safety and
Health Act (WISHA), the upper medium dense soils would be classified as Type C soil. The dense silty sand and
silty sand with gravel soils would be classified as Type A soil.

Accordingly, temporary excavations in Type C soils should have their slopes laid back at an inclination of 1.5:1
(Horizontal:Vertical) or flatter, from the toe to the crest of the slope. Side slopes in Type A soils can be laid back
at a slope inclination of 0.75:1 or flatter. For temporary excavation slopes less than 8 feet in height in Type A soils,
the lower 3.5 feet can be cut to a vertical condition, with a 0.75:1 slope graded above. For temporary excavation
slopes greater than 8 feet in height up to a maximum height of 12 feet, the slope above the 3.5-foot vertical portion
will need to be laid back at a minimum slope inclination of 1:1. No vertical cut with a backslope immediately above
is allowed for excavation depths that exceed 12 feet. In this case, a four-foot vertical cut with an equivalent
horizontal bench to the cut slope toe is required. All exposed temporary slope faces that will remain open for an
extended period of time should be covered with a durable reinforced plastic membrane during construction to
prevent slope raveling and rutting during periods of precipitation.

Perched groundwater seepage may be observed within excavations extending to the dense till deposits during the
winter months. In our opinion, the volume of water and rate of flow into the excavation should be relatively minor
and would not be expected to impact the stability of the excavations when completed, as described above.
Conventional sump pumping procedures along with a system of collection trenches should be capable of
maintaining a relatively dry excavation for construction purposes in these soils, if necessary.

Page No. 8



May 15, 2020
Project No. T-8204

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

4.5 Foundations

The residential and townhome structures may be supported on conventional spread footing foundations bearing on
competent native soils, competent existing fill, or on structural fill placed above the competent soils. Foundation
subgrades should be prepared, as recommended in Section 4.2 of this report.

Perimeter foundations exposed to the weather should bear at a minimum depth of 1.5 feet below final exterior grades
for frost protection. Interior foundations can be constructed at any convenient depth below the floor slab.

We recommend designing foundations bearing on competent material for a net allowable bearing capacity of 2,500
pounds per square foot (psf). For short-term loads, such as wind and seismic, a one-third increase in this allowable
capacity can be used in design. With the anticipated loads and this bearing stress applied, building settlements
should be less than one-half inch total and one-fourth inch differential.

For designing foundations to resist lateral loads, a base friction coefficient of 0.35 can be used. Passive earth
pressure acting on the sides of the footings may also be considered. We recommend calculating this lateral
resistance using an equivalent fluid weight of 350 pounds per cubic foot (pcf). We recommend not including the
upper 12 inches of soil in this computation because they can be affected by weather or disturbed by future grading
activity. This value assumes the foundations will be constructed neat against competent native soil or the
excavations are backfilled with structural fill, as described in Section 4.2 of this report. The recommended passive
and friction values include a safety factor of 1.5.

4.6 Floor slabs

Slab-on-grade floors may be supported on a subgrade prepared as recommended in Section 4.2 of this report.
Immediately below the floor slab, we recommend placing a four-inch thick capillary break layer composed of clean,
coarse sand or fine gravel that has less than three percent passing the No. 200 sieve. This material will reduce the
potential for upward capillary movement of water through the underlying soil and subsequent wetting of the floor
slab.

The capillary break layer will not prevent moisture intrusion through the slab caused by water vapor transmission.
Where moisture by vapor transmission is undesirable, such as covered floor areas, a common practice is to place a
durable plastic membrane on the capillary break layer and then cover the membrane with a layer of clean sand or
fine gravel to protect it from damage during construction, and aid in uniform curing of the concrete slab. It should
be noted that if the sand or gravel layer overlying the membrane is saturated prior to pouring the slab, it will be
ineffective in assisting uniform curing of the slab and can actually serve as a water supply for moisture seeping
through the slab and affecting floor coverings. Therefore, in our opinion, covering the membrane with a layer of
sand or gravel should be avoided if floor slab construction occurs during the wet winter months and the layer cannot
be effectively drained.
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4.7 Stormwater facilities

As noted above, site stormwater will be collected and directed to one of two stormwater detention vaults located in
the southeast or southwest corners of the site. The southeast vault is near the top of the steep slope. Stormwater
plans were not available at the time of this report.

Detention Vault

We expect that the bottom of the excavations for the detention vaults will expose native, dense to very dense silty
sand with gravel soils. Vault foundations supported by these native soils may be designed for an allowable bearing
capacity of 6,000 psf provided that the foundation subgrade is at least 6 feet below current site grades. For short-
term loads, such as seismic, a one-third increase in this allowable capacity can be used.

Vault walls should be designed as below-grade retaining walls. The magnitude of earth pressure development on
engineered retaining walls will partly depend on the quality of the wall backfill. We recommend placing and
compacting wall backfill as structural fill as described in Section 4.2 of this report. To prevent overstressing the
walls during backfilling, heavy construction machinery should not be operated within five feet of the wall. Wall
backfill in this zone should be compacted with hand-operated equipment. To prevent hydrostatic pressure
development, wall drainage must also be installed. A typical wall drainage detail is shown on Figure 3.

With wall backfill placed and compacted as recommended and drainage properly installed, we recommend
designing unrestrained walls for an active earth pressure equivalent to a fluid weighing 35 pounds per cubic foot
(pcf). For restrained walls, an additional uniform load of 100 pounds per square foot (psf) should be added to the
35 pcf. To account for typical traffic surcharge loading, the walls can be designed for an additional imaginary
height of two feet (two-foot soil surcharge). For evaluation of below-grade walls under seismic loading, an
additional uniform lateral pressure equivalent to 8H psf, where H is the height of the below-grade portion of the
wall in feet, can be used. These values assume a horizontal backfill condition and that no other surcharge loading
such as traffic, sloping embankments, or adjacent buildings will act on the wall. If such conditions will exist, then
the imposed loading must be included in the wall design. Friction at the base of foundations and passive earth
pressure will provide resistance to these lateral loads. Values for these parameters are given in Section 4.5 of this
report.

If it is not possible to discharge collected water at the footing invert elevation, the invert elevation of the wall
drainpipe could be set equivalent to the outfall invert. For any portion of the wall that falls below the invert elevation
of the wall drain, an earth pressure equivalent to a fluid weighing 85 pcf should be used.

Pipe Anchors

The discharge pipe for the southeast detention vault will extend down the eastern steep slope and connect to the
existing storm system at the base of the slope.
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As we understand, the pipe that will be used for the outfall will consist of an 18-inch diameter HDPE pipe. The
pipe would be anchored or secured at the top and would then be placed on the slope surface. HDPE pipe will move
on the slope due to thermal expansion and contraction. To limit movement, hillside anchors or guides need to be
installed at set intervals on the installation alignment. Based on a preliminary analysis using a relatively straight
alignment, we expect the hillside anchors will need to be placed approximately every 15 feet. We should re-evaluate
this spacing based on the actual pipe alignment when it is finalized. This installation is similar to stormwater outfalls
installed on steep slopes throughout the Puget Sound area.

Analysis indicates the 18-inch diameter HDPE pipe can be secured at the top using a cast-in-place concrete block
or anchor. For the estimated 400 feet of pipe a concrete block with a weight equal to 233 cubic feet of unreinforced
concrete will be needed. A typical concrete anchor design detail is shown on Figure 4.

The HDPE alignment down the slope must limit impact to the existing vegetation and trees. We recommend all
trees that are currently on the slope remain and the HDPE pipe bend around the trunks of the trees, if necessary. To
limit vegetation removal and maintain low vegetation surface cover, we recommend suspending the HDPE pipe a
minimum distance of six inches (plus or minus two inches) above the slope surface using pipe anchor guides as
shown on Figure 5. Removal of existing vegetation should be limited with vegetation only removed as needed to
install the guide anchors. Areas disturbed by construction must be restored by planting or reseeding and covering
with long-term erosion control matting.

4.8 Infiltration Feasibility

The native glacial till soils composed of silty sand characteristically exhibit low permeability and would not be a
suitable receptor soil for discharge of development stormwater using infiltration/retention facilities. Conventional
stormwater detention with controlled release to the drainage basin should be used to manage development
stormwater.

4.9 Drainage

Surface

Final exterior grades should promote free and positive drainage away from the building areas. We recommend
providing a positive drainage gradient away from the building perimeter. If a positive gradient cannot be provided,
provisions for collection and disposal of surface water adjacent to the structure should be provided.

Subsurface

We recommend installing a continuous drain along the outside lower edge of the perimeter building foundations.
The drains can be laid to grade at an invert elevation equivalent to the bottom of footing grade. The drains can
consist of four-inch diameter perforated PVC pipe that is enveloped in washed '4- to %-inch gravel-sized drainage
aggregate. The aggregate should extend six inches above and to the sides of the pipe. The foundation drains and
roof downspouts should be tightlined separately to an approved point of controlled discharge. All drains should be
provided with cleanouts at easily accessible locations. These cleanouts should be serviced at least once each year.
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4.10 _ Utilities

Utility pipes should be bedded and backfilled in accordance with American Public Works Association (APWA) or
local jurisdictional requirements. At minimum, trench backfill should be placed and compacted as structural fill as
described in Section 4.2 of this report. As noted, soils excavated on-site should generally be suitable for use as
backfill material. However, the site soils are fine grained and moisture sensitive; therefore, moisture conditioning
may be necessary to facilitate proper compaction. If utility construction takes place during the winter, it may be
necessary to import suitable wet weather fill for utility trench backfilling.

4.11 Pavements

Pavements should be constructed on subgrades prepared as recommended in Section 4.2 of this report. Regardless
of the degree of relative compaction achieved, the subgrade must be firm and relatively unyielding before paving.
Proofrolling the subgrade with heavy construction equipment should be completed to verify this condition.

The pavement design section is dependent upon the supporting capability of the subgrade soils and the traffic
conditions to which it will be subjected. As we understand, traffic will mainly consist of light passenger and
commercial vehicles with only occasional heavy traffic in the form of moving trucks and trash removal vehicles.
Based on this information, with a stable subgrade prepared as recommended, we recommend the following
pavement sections:

e Two inches of hot mix asphalt (HMA) over four inches of crushed rock base (CRB)

e Three and one-half inches full depth HMA

All paving materials should conform to Washington State Department of Transportation (WSDOT) specifications
for HMA and CRB.

Long-term pavement performance will depend on surface drainage. A poorly-drained pavement section will be
subject to premature failure as a result of surface water infiltrating into the subgrade soils and reducing their
supporting capability. For optimum performance, we recommend surface drainage gradients of at least two percent.
Some degree of longitudinal and transverse cracking of the pavement surface should be expected over time. Regular
maintenance should be planned to seal cracks when they occur.

5.0 ADDITIONAL SERVICES

Terra Associates, Inc. should review the final designs and specifications in order to verify that earthwork and
foundation recommendations have been properly interpreted and implemented in project design. We should also
provide geotechnical services during construction in order to observe compliance with our design concepts,
specifications, and recommendations. This will allow for design changes if subsurface conditions differ from those
anticipated prior to the start of construction.
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6.0 LIMITATIONS

We prepared this report in accordance with generally accepted geotechnical engineering practices. This report is
the copyrighted property of Terra Associates, Inc. and is intended for specific application to the Terrace Avenue
Development project in Snohomish, Washington. This report is for the exclusive use of D.R. Horton and their
authorized representatives. No other warranty, expressed or implied, is made.

The analyses and recommendations presented in this report are based on data obtained from the subsurface
explorations completed on-site. Variations in soil conditions can occur, the nature and extent of which may not
become evident until construction. If variations appear evident, Terra Associates, Inc. should be requested to
reevaluate the recommendations in this report prior to proceeding with construction.
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APPENDIX A
FIELD EXPLORATION AND LABORATORY TESTING

Terrace Avenue Development
Snohomish, Washington

On August 29, 2019, we investigated subsurface conditions at the site by excavating 8 test pits with a track-mounted
mini-excavator to depths of about three to ten feet below existing grades. On September 17, 2019 and September
18, 2019, we supplemented this data by observing soil conditions at 2 borings drilled to depths of about 100 feet
below existing surface grades. The test pit and boring locations were approximately determined in the field by
sighting and pacing from existing surface features. The approximate test pit and test boring locations are shown on
Figure 2. The Test Pit and Test Boring Logs are presented as Figures A-2 through A-11.

A geotechnical engineer from our office conducted the field exploration. Our representative classified the soil
conditions encountered, maintained a log of each test pit and test boring, obtained representative soil samples, and
recorded water levels observed during excavation. During drilling, soil samples were obtained in general accordance
with ASTM Test Designation D-1586. Using this procedure, a 2-inch (outside diameter) split barrel sampler is
driven into the ground 18 inches using a 140-pound hammer free falling a height of 30 inches. The number of
blows required to drive the sampler 12 inches after an initial 6-inch set is referred to as the Standard Penetration
Resistance value or N value. This is an index related to the consistency of cohesive soils and relative density of
cohesionless materials. N values obtained for each sampling interval are recorded on the Test Boring Logs, Figures
A-10 and A-11. All soil samples were visually classified in accordance with the Unified Soil Classification System
(USCS) described on Figure A-1.

Representative soil samples obtained from the test pits and test borings were placed in sealed plastic bags and taken
to our laboratory for further examination and testing. The moisture content of each sample was measured and is
reported on the Test Pit and Test Boring Logs. Grain size analyses were performed on select soil samples. The
results are shown on Figures A-12 through A-14.

Project No. T-8204



MAJOR DIVISIONS

LETTER

TYPICAL DESCRIPTION

SYMBOL
G Cllear(Il GW Well-graded gravels, gravel-sand mixtures, little or no fines.
ravels (less
- GRAVELS than 5%
<ﬂ oy More than 50% fines) GP Poorly-graded gravels, gravel-sand mixtures, little or no fines.
5 &8 |ofcoarse fraction
»n T ? |[islargerthan No. ) GM Silty gravels, gravel-sand-silt mixtures, non-plastic fines.
a 59 4 sieve Gravels with
w g2 fines
Z g g GC Clayey gravels, gravel-sand-clay mixtures, plastic fines.
X =9
o 3 S Clean Sands SW Well-graded sands, sands with gravel, little or no fines.
n 5Z SANDS (less than
Et = .E:% More than 50% 5% fines) SP Poorly-graded sands, sands with gravel, little or no fines.
8 g ** | of coarse fraction
= is smaller than . SM Silty sands, sand-silt mixtures, non-plastic fines.
. Sands with
No. 4 sieve p
Ines SC Clayey sands, sand-clay mixtures, plastic fines.
% ML Inorganic silts, rock flour, clayey silts with slight plasticity.
] £ SILTS AND CLAYS
4 2% | ic clays of low t ium plasticity. (L |
5 S § Liquid Limit is less than 50% CL norganic clays of low to medium plasticity. (Lean clay)
w —
a ‘é -% oL Organic silts and organic clays of low plasticity.
o
Z - O
< g N MH Inorganic silts, elastic.
5 23
= SILTS AND CLAYS
© c i i ici
% £§ Liquid Limit is greater than 50% CH Inorganic clays of high plasticity. (Fat clay)
T o~
<§D OH Organic clays of high plasticity.
HIGHLY ORGANIC SOILS PT Peat.
DEFINITION OF TERMS AND SYMBOLS
a , Standard Penetration I 2" OUTSIDE DIAMETER SPILT SPOON SAMPLER
|__||J Density Resistance in Blows/Foot
2z :|I 2.4" INSIDE DIAMETER RING SAMPLER OR
o) Very Loose 0-4 SHELBY TUBE SAMPLER
ﬂ Loose 4-10
Medium Dense 10-30
T WATER LEVEL (Date
S Dense 30-50 \ 4 (Date)
Very Dense >50 Tr  TORVANE READINGS, tsf
Standard Penetration Pp PENETROMETER READING, tsf
Consistancy Resistance in Blows/Foot
'-'>J DD DRY DENSITY, pounds per cubic foot
n Very Soft 0-2
% Soft 2.4 LL  LIQUID LIMIT, percent
(@] Medium Stiff 4-8
(&) Stiff 8-16 PI PLASTIC INDEX
Very Stiff 16-32
Hard >32 N STANDARD PENETRATION, blows per foot

Terra

and

Associates, Inc.

Consultants in Geotechnical Engineering
Geology
Environmental Earth Sciences

UNIFIED SOIL CLASSIFICATION SYSTEM
TERRACE AVENUE DEVELOPMENT
SNOHOMISH , WASHINGTON

Date: MAY 2020 Figure A-1
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LOG OF TEST PIT NO. TP-1

FIGURE A-2

PROJECT NAME: Terrace Avenue Development PROJ. NO: T-8204 LOGGED BY: MJX

LOCATION: Snohomish, Washington SURFACE CONDITIONS: Grass

APPROX. ELEV: NA

DATE LOGGED: August 29, 2019 DEPTH TO GROUNDWATER: NA

DEPTH TO CAVING:NA

o

o~ pd . —
Elo Description Con5|stency/. =
..-Ed CEI- Relative Density | =
Q ©
Q|lw
0

(7-inches organic TOPSOIL)

Light brown silty SAND with gravel, fine sand, fine to coarse gravel, moist, scattered

rootlets, trace cobbles, occasional boulder. (SM)
1 p—

1 Medium dense | 12.5

2._.
B 2 b m e 9.5

Gray silty SAND with gravel, fine to coarse sand, fine to coarse gravel, dry to moist,

mottled, trace cobbles, occasional boulder, light cementation. (SM)
4— Dense
5— 3 11.6

Test Pit terminated at approximately 5 feet.

No groundwater seepage observed.

No caving observed.
6

NOTE: This subsurface information pertains only to this test pit location and should not be
interpreted as being indicative of other locations at the site.

' Associates, Inc.

Consultants in Geotechnical Engineering
Geology and
Environmental Earth Sciences




LOG OF TEST PIT NO. TP-2

PROJECT NAME: Terrace Avenue Development

LOCATION: Snohomish, Washington SURFACE CONDITIONS: Brush & muich

PROJ. NO: T-8204 LOGGED BY:MJX

FIGURE A-3

APPROX.ELEV:NA

DATE LOGGED: August 29, 2019 DEPTH TO GROUNDWATER: NA

DEPTH TO CAVING:NA

o)
—_ 4 . 5
f’ %_ Description Rclor:.s |steDncy/. =
| g elative Density =
)} ]
ol w
0
(8-inches organic TOPSOIL)
Light brown transitioning to reddish-brown silty SAND with gravel, fine sand, fine to
coarse gravel, moist, scattered rootlets, occasional cobble, occasional boulder. (SM)
1
1 Medium dense | 15.5
2__
B 2 brmmmm e o m o e 12.6
Gray silty SAND with gravel, fine to medium sand, fine to coarse gravel, moist, trace
cobbles, light cementation. (SM)
4— Dense
5—4 3 11.4
Test Pit terminated at approximately 5 feet.
No groundwater seepage observed.
No caving observed.
6

NOTE: This subsurface information pertains only to this test pit location and should not be
interpreted as being indicative of other locations at the site.

1 Terra
" Associates, Inc.

Consultants in Geotechnical Engineering

Geology and
Environmental Earth Sciences




LOG OF TEST PIT NO. TP-3

PROJECT NAME: Terrace Avenue Development

PROJ. NO: T-8204 LOGGED BY: MJX

LOCATION: Snohomish, Washington SURFACE CONDITIONS: Blackberry bushes

FIGURE A-4

APPROX. ELEV: NA

DATE LOGGED: August 29, 2019 DEPTH TO GROUNDWATER: NA

DEPTH TO CAVING:NA

[}
—_ zZ A ’;
i—’ %. Description RCIc;r;istteDncy/. &
2| E elative Density | =
D ©
alw
0
(8-inches organic TOPSOIL)
1 FILL: Grayish-brown to gray silty SAND with gravel, fine to coarse sand, fine to coarse
gravel, dry to moist, some mottling, trace organics, trace cobbles, occasional asphalt
1 debris, occasional glass fragments, occasional plastic waste. (SM) 9.6
2—
Medium dense
3_
4— 2 12.0
54 3 18.2
6— 4 16.9
A I e e ; 42.8
Med dense to
FILL: Black silty SAND, fine sand, moist, scattered organics, trace glass fragments. (SM) © '”d";nse
8_
6 38.1
g_. ______________________________________________________________________
Gray silty SAND with gravel, fine to medium sand, fine to coarse gravel, moist to wet, D
mottled. (SM) M5
10— 7 19.2
11— Test Pit terminated at approximately 10 feet.
No groundwater seepage observed.
No caving observed.
12

NOTE: This subsurface information pertains only to this test pit location and should not be

interpreted as being indicative of other locations at the site.

| Terra
' Associates, Inc.

Consultants in Geotechnical Engineering
Geology and
Environmental Earth Sciences




LOG OF TEST PIT NO. TP-4

PROJECT NAME: Terrace Avenue Development PROJ. NO: T-8204 LOGGED BY: MJX

LOCATION: Snohomish, Washington

DATE LOGGED: August 29, 2019 DEPTH TO GROUNDWATER: NA DEPTH TO CAVING:NA

FIGURE A-5

SURFACE CONDITIONS: Grass APPROX. ELEV: NA

o
P 4 . —
S Descriti Consistency/ ®
£ ption . . ~
£Q g, Relative Density | =
[] o
0w
0
(7-inches organic TOPSOIL)
Light brown silty SAND with gravel, fine sand, fine to coarse gravel, moist, scattered
rootlets, trace cobbles, occasional boulder. (SM)
=
1 Medium dense | 12.9
2_
B 2 Frmmmmmmm e e 8.3
Gray silty SAND with gravel, fine to medium sand, fine to coarse gravel, dry to moist,
mottled, trace cobbles, light cementation. (SM)
Dense
4— 3 11.5
Test Pit terminated at approximately 4 feet.
No groundwater seepage observed.
No caving observed.
5

1 Terra

NOTE: This subsurface information pertains only to this test pit location and should not be
interpreted as being indicative of other locations at the site.

Geology and

' Associates, Inc.

Consultants in Geotechnical Engineering

Environmental Earth Sciences




LOG OF TEST PIT NO. TP-5

PROJECT NAME: Terrace Avenue Development

LOCATION: Snochomish, Washington SURFACE CONDITIONS: Grass

PROJ. NO: T-8204

FIGURE A-6

LOGGED BY:MJX

APPROX. ELEV: NA

DATE LOGGED: August 29, 2019 DEPTH TO GROUNDWATER: NA

DEPTH TO CAVING:NA

S
— 4 . ?
Elo Description Con.s |stency/. =
% E- Relative Density | =
[ )
0|l w
0
(6-inches organic TOPSOIL)
Light brown silty SAND with gravel, fine sand, fine to coarse gravel, dry to moist,
scattered rootlets. (SM)
1 —
1 Medium dense | 11.8
2_.
b I B et 9.8
Gray silty SAND with gravel, fine to medium sand, fine to coarse gravel, dry to moist,
mottled, scattered cobbles, light cementation. (SM)
Dense
4— 3 13.5
Test Pit terminated at approximately 4 feet.
No groundwater seepage observed.
No caving observed.
5

NOTE: This subsurface information pertains only to this test pit location and should not be
interpreted as being indicative of other locations at the site.

1 Terra

Associates, Inc.

Consultants in Geotechnical Engineering
Geology and
Environmental Earth Sciences




FIGURE A-7

LOG OF TEST PIT NO. TP-6

PROJECT NAME: Terrace Avenue Development PROJ. NO: T-8204 LOGGED BY: MJX

SURFACE CONDITIONS: Brush APPROX. ELEV: NA

LOCATION: Snohomish, Washington

DEPTH TO GROUNDWATER: NA DEPTH TO CAVING:NA

DATE LOGGED: August 29, 2019

]
— 4 . e
Ele Description Con§ |stency/. =
g E- Relative Density | =
[ 3]
8| w
0
(8-inches organic TOPSOIL)
Light brown silty SAND, fine sand, dry to moist, scattered rootlets, trace gravel. (SM)
1— 1 Medium dense | 12.3
2_ ______________________________________________________________________
Light gray silty SAND with gravel, fine sand, fine to coarse gravel, dry, light cementation.
(SM)
Dense
34 2 6.7
Test Pit terminated at approximately 3 feet.
No groundwater seepage observed.
No caving observed.

S Th . ) ) ) ) ) N =
NOTE: This subsurface information pertains only to this test pit location and should not be . ASSOC|ates 5 I nc.
Consultants in Geotechnical Engineering

interpreted as being indicative of other locations at the site. v,
Geology and
Environmental Earth Sciences




LOG OF TEST PIT NO. TP-7 FIGUREA-8

PROJECT NAME: Terrace Avenue Development PROJ. NO: T-8204 LOGGED BY:MJX
LOCATION: Snohomish, Washington SURFACE CONDITIONS: Grass & brush APPROX. ELEV: NA
DATE LOGGED: August 29, 2019 DEPTH TO GROUNDWATER: NA DEPTH TO CAVING:NA
g . _—
= 2 Description Con§ |stency/. E
£l a Relative Density | =
a | E
[0 [}
0| w»
0
(7-inches organic TOPSOIL)
Brown transitioning to gray silty SAND, fine sand, moist, scattered rootlets, trace gravel.
(SM)
1 —
1 26.2
2_
2 15.0
33— Medium dense
4— 3 10.9
*Mottling observed below approximately 4.5 feet*
5_
L B B 12.9
Gray silty SAND with gravel, fine to coarse sand, fine to coarse gravel, moist, trace
cobbles, light cementation. (SM) Dense
7- 5 1.4
Test Pit terminated at approximately 7 feet.
No groundwater seepage observed.
8 No caving observed.

1 Terra
| Associates, Inc.

Consultants in Geotechnical Engineering

NOTE: This subsurface information pertains only to this test pit location and should not be
interpreted as being indicative of other locations at the site.

Geology and
Environmental Earth Sciences




LOG OF TEST PIT NO. TP-8

FIGURE A-9

PROJECT NAME: Terrace Avenue Development PROJ. NO: T-8204 LOGGED BY:MJX

APPROX. ELEV: NA

LOCATION: Snohomish, Washington SURFACE CONDITIONS: Brush

DATE LOGGED: August 29, 2019 DEPTH TO GROUNDWATER: NA

DEPTH TO CAVING:NA

o
— zZ = =y
€lo Description Con§ |stency/_ <
£ Relative Density | =
al| E
[ w
O | w
0
(8-inches organic TOPSOIL)
Brown to reddish-brown silty SAND with gravel, fine sand, fine to coarse gravel, moist,
1— scattered rootlets, trace cobbles. (SM)
1 18.8
2_.
3— Medium dense
e e i 16.0
Brownish-gray silty SAND, fine to medium sand, moist, trace gravel. (SM)
4_
5_
3 11.9
I B e 15.0
Gray silty SAND with gravel, fine to medium sand, fine to coarse gravel, moist, mottled,
trace cobbles, occasional boulder. (SM) Dense
74 5 13.7
Test Pit terminated at approximately 7 feet.
No groundwater seepage observed.
8— No caving observed.

NOTE: This subsurface information pertains only to this test pit location and should not be
interpreted as being indicative of other locations at the site.

" Terra
" Associates, Inc.

Consultants in Geotechnical Engineering
Geology and
Environmental Earth Sciences




LOG OF BORING NO. B-1

Figure No. A-10

Project: Terrace Avenue Development Project No: T-8204 Date Drilled: Septermber 18, 2019
Client: D.R. Horton Driller: _Boretec Logged By: MJX
Location: Snohomish, Washington Depth to Groundwater:23 Feet, 50 Feet  Approx. Elev:_~255 Feet
©
g —~
—~ | E Consistency/ SPT (N) X
i’ 2 Soil Description Relative Density Blows/foot g =
8|5 2%
ald 10 30 50 =0
0
i Black silty SAND, fine sand, moist, scattered organics.
i (SM) (Organic TOPSOIL) Dense
. 31 30.9
7 47
i I Brown SAND with silt, fine to medium sand, moist, trace organics.
(SP-SM)
5 Medium Dense ° 28 160'?2
] Gray silty SAND with gravel, fine to medium sand, fine to coarse
- gravel, moist, occasional sand with silt layer. (SM)
i I ¢ 50/6" 9.8
*Mottling observed in 5-foot sample*
7 Very Dense
10+ — ® 76 5.7
- e 46 10.4
_ Dense
15— — | Brownish-gray sandy SILT to SILT with sand, fine sand, moist, ° 32 15.8
i scattered gravel. (ML) Hard
— 2 .
20 i I Very Stiff * 6 | 88
b 4 S,
_ Gray silty SAND with gravel, fine to coarse sand, fine to coarse
25 _ I gravel, moist to wet, slightly mottled. (SM) Dense ol 46 125
30 — I ¢ 50/6" 15.3
E Very Dense
| | 506" | 11.1

NOTE: This borehole log has been prepared for geotechnical purposes. This information
pertains only to this boring location and should not be interpeted as being indicative of

other areas of the site

Terra

Associates, Inc.

Geology and

I Consultants in Geotechnical Engmeerlng

Environmental Earth Sciences




LOG OF BORING NO. B-1 Figure No. A-10

Project: Terrace Avenue Development Project No: T-8204 Date Drilled: Septermber 18, 2019
Client: D.R. Horton Driller: _Boretec Logged By: MJX
Location: Snohomish, Washington Depth to Groundwater:23 Feet, 50 Feet  Approx. Elev:_~255 Feet
©
g —~
—~| E Consistency/ SPT (N) X
i’ ° Soil Description Relative Density Blows/foot g =
5|5 35
ol o 10 30 50 =0
""" S . . ) )
_ Gray silty SAND with gravel, fine to coarse sand, fine to coarse
i gravel, moist to wet, slightly mottled. (SM)
40— T ¢ 50/5" 10.7
B Very Dense
45— 1 e 50/4" 11.0
»50 I ® 50/6" 16.4
_ Gray SILT, moist, occasional sand with silt seam. (ML)
55 — I Hard ¢ 50/6" 20.0
_ Gray silty SAND, fine to medium sand, moist to wet. (SM)
60 — s 92 14.8
7 I Very Dense
65 — ¢ 93/6" 17.2
7 I Gray SILT, moist. (ML) 28.1
i ' Hard
i Brown silty SAND, fine to medium sand, moist, occasional silt Very Dense
inclusions. (SM) 1 50/4" 14.3

.- Terra

I Cﬁs?ltgtgn%!maeiscg&g!rgegg

Geology and
Environmental Earth Sciences

NOTE: This borehole log has been prepared for geotechnical purposes. This information
pertains only to this boring location and should not be interpeted as being indicative of

other areas of the site




LOG OF BORING NO. B-1 Figure No. A-10

Project: Terrace Avenue Development Project No: T-8204 Date Drilled: Septermber 18, 2019
Client: D.R. Horton Driller: _Boretec Logged By: MJX
Location: Snohomish, Washington Depth to Groundwater:23 Feet, 50 Feet  Approx. Elev:_~255 Feet
©
g —~
—~ | E Consistency/ SPT (N) X
i’ ° Soil Description Relative Density Blows/foot g =
55 )
ol o 10 30 50 =0
70—+ 1
7 Brown silty SAND, fine to medium sand, moist, occasional silt
_ inclusions. (SM)
[Chulin ¢ 50/4" 16.7
80— T ¢ 50/6" 15.5
85 — 50/4" 19.
5 | I Very Dense 1 6
90 — I ¢ 50/6" 17.5
95 — I ¢ 50/6" 20.3
_ *Material becomes dark gray.
100 — I ¢ 50/6" 21.5
- Test boring terminated at approximately 100 feet.
| Light to moderate perched groundwater seepage observed at
approximately 23 feet and 50 feet.

105

Terra

I Cﬁs?ltgtgn%!maeiscg&g!rgegg

Geology and
Environmental Earth Sciences

NOTE: This borehole log has been prepared for geotechnical purposes. This information
pertains only to this boring location and should not be interpeted as being indicative of

other areas of the site




LOG OF BORING NO. B-2

Figure No. A-11

Project: Terrace Avenue Development Project No: T-8204 Date Drilled: September 17, 2019
Client: D.R. Horton Driller: _Boretec Logged By: MJX
Location: Snohomish, Washington Depth to Groundwater:6 Feet, 56 Feet Approx. Elev:_~240 Feet
©
g —~
—~ | E Consistency/ SPT (N) X
i’ ° Soil Description Relative Density Blows/foot g =
8|5 2%
ald 10 30 50 =0
0
i Black silty SAND, fine sand, moist, scattered organics.
i (SM) (Organic TOPSOIL)
Dense o | 42 | 274
_ 5.5
_ I Light brown silty SAND with gravel, fine sand, fine to coarse gravel,
5] dry. (SM) * 51 7.8
T 4 I Gray silty SAND with gravel, fine to medium sand, fine to coarse
- gravel, moist. (SM)
¢ 50/6" 9.8
7 I Very Dense
10 ] ® 71 104
IE: o | 42 | 131
15— 1 Dense ° 41 10.9
20 — I s 91 6.9
25— I ¢ 50/5" 9.1
: Very Dense
30— 1 ¢ 50/6" 71
351 L 50/ 9.9

NOTE: This borehole log has been prepared for geotechnical purposes. This information
pertains only to this boring location and should not be interpeted as being indicative of

other areas of the site

Terra

Associates, Inc.

Geology and

I Consultants in Geotechnical Engmeenng

Environmental Earth Sciences




LOG OF BORING NO. B-2

Figure No. A-11

Project: Terrace Avenue Development Project No: T-8204 Date Drilled: September 17, 2019
Client: D.R. Horton Driller: _Boretec Logged By: MJX
Location: Snohomish, Washington Depth to Groundwater:6 Feet, 56 Feet Approx. Elev:_~240 Feet
©
g —~
—~ | E Consistency/ SPT (N) X
i’ ° Soil Description Relative Density Blows/foot 2 E
8|5 2%
ald 10 30 50 =0
35—
_ I Gray silty SAND with gravel, fine to medium sand, fine to coarse
i gravel, moist. (SM)
40 — I ¢ 50/4" 77
E Very Dense
45 — I ¢ 50/6" 8.4
_ Gray SILT, moist to wet, occasional sand with silt interbeds. (ML)
50 — ® 77 231
7 I Hard
¥ 7 I Gray silty SAND, fine to medium sand, moist, occasional interbedded 19.2
- silt layer. (SM)
60 I *Occasional organic in 80-foot sample* ¢ 50/5" | 10.9
_ Very Dense
65 — I ¢ 50/5" 7.5
1 50/5" 71

NOTE: This borehole log has been prepared for geotechnical purposes. This information
pertains only to this boring location and should not be interpeted as being indicative of

other areas of the site

Terra
Associates, Inc.

I Consultants in Geotechnical Engmeerlng

Geology and
Environmental Earth Sciences




LOG OF BORING NO. B-2 Figure No. A-11

Project: Terrace Avenue Development Project No: T-8204 Date Drilled: September 17, 2019
Client: D.R. Horton Driller: _Boretec Logged By: MJX
Location: Snohomish, Washington Depth to Groundwater:6 Feet, 56 Feet Approx. Elev:_~240 Feet
©
g —~
—~ | E Consistency/ SPT (N) X
i’ ° Soil Description Relative Density Blows/foot 2 E
g5 zc
ol o 10 30 50 =0
,,,,, 70 .
_ I Grayish-brown silty SAND, fine to medium sand, moist, scattered silt
i inclusions. (SM)
75— I ¢ 50/6" 8.0
80 — I e 83 9.0
85— I Very Dense ¢ 50/5" 8.9
90 — I ¢ 93/6" 7.9
95 — I ¢ 50/4" 71
100 — ¢ 50/6" 6.1
_ I Test boring terminated at approximately 100 feet.
i Light perched groundwater seepage observed at approximately 6
feet and 56 feet.

105

Terra

I Cﬁs?ltgtgn%!maeiscg&g!rgegg

Geology and
Environmental Earth Sciences

NOTE: This borehole log has been prepared for geotechnical purposes. This information
pertains only to this boring location and should not be interpeted as being indicative of

other areas of the site




Particle Size Distribution Report

O Location: Test Pit TP-4
A Location: Test Pit TP-7

Depth: -1.5 feet
Depth: -4 fect

Sample Number: 1

Sample

Number: 3

Terra Associates, Inc.

Kirkland, WA

Figure
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| | R | | I | if {r] i
| I I T | | | 1 A A A R
0 | | I | | | | 1 1
100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
o +3" % Gravel % Sand % Fines
i Coarse Fine  [Coarse| Medium Fine Silt | Clay
o) 0.0 10.0 15.5 6.8 17.5 154 34.8
O 0.0 10.9 15.9 8.3 14.9 13.8 36.2
A 0.0 0.0 0.0 0.5 23 474 49.8
LL PL Dgs Dgo Dsg Dag D45 D4g Cc Cy
o) 13.3443 0.8966 0.4195
| 14.4649 1.2153 0.4250
A 0.2631 0.1732 0.0787
Material Description USCS AASHTO
o silty SAND with gravel SM
O silty SAND with gravel SM
A silty SAND SM
Project No. T-8204 Client: D.R. Horton Remarks:
Project: Terrace Avenue Development o Tested on September 10, 2019
OTested on September 10, 2019
O Location: Test Pit TP-3 Depth: -4 feet Sample Number: 2 ATested on September 10, 2019

A-12

Tested By: FQ




Particle Size Distribution Report
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I | I I I i {r A
I | (I O (I | | | 1 L I 1
0 | | | O | S | | l | | |- A
100 10 L 0. 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
° Coarse Fine Coarse| Medium Fine Silt | Clay
O 0.0 0.0 2.0 1.4 4.6 52.1 39.9
O 0.0 0.0 0.0 0.4 24.6 57.7 17.3
A 0.0 0.0 1.0 4.5 61.7 19.3 13.5
LL PL Dgs Dgo Dsq Dag D4s D4g Ce Cy
) 0.3448 0.2133 0.1765
0O 0.5627 0.3082 0.2566 0.1805
A 1.4424 0.8090 0.6511 0.3896 0.1469
Material Description USCS AASHTO
o silty SAND SM
o Silty SAND SM
A Silty SAND SM
Project No. T-8204 Client: D.R. Horton Remarks:
Project: Terrace Avenue Development O Tested on September 10, 2019
OTested on October 1, 2019
O Location: Test Pit TP-8 Depth: -3.5 feet Sample Number: 2 A Tested October 1, 2019
|lo Location: Test Boring B-1 Depth: -3 feet Sample Number: 2
A Location: Test Boring B-1 Depth: -60 feet Sample Number: 13
Terra Associates, Inc.
Kirkland, WA Figure  A-13

Tested By: FQ




Particle Size Distribution Report
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100 10 1 0.1 0.01 0.001
GRAIN SIZE - mm.
% +3" % Gravel % Sand % Fines
) Coarse Fine Coarse| Medium Fine Silt | Clay
O 0.0 0.0 0.0 0.0 1.7 64.2 34.1
O 0.0 0.0 1.2 2.7 32.7 48.5 149
A 0.0 0.0 0.0 0.0 0.7 68.8 30.5
LL PL Dgs Dgan Dsg D3ag D45 D4g Ce Cy
) 0.2647 0.1935 0.1726
| 0.6963 0.4038 0.3516 0.2619 0.0780
A 0.3318 0.2408 0.2101
Material Description USCS AASHTO
o Silty SAND SM
O Silty SAND
A Silty SAND SM
Project No. T-8204 Client: D.R. Horton Remarks:
Project: Terrace Avenue Development o Tested on October 1, 2019
OTested on October 1, 2019
o Location: Test Boring B-1 Depth: -100 feet Sample Number: 27 ATested on October 1, 2019
|o Location: Test Boring B-2 Depth: -70 feet Sample Number: 20
& Location: Test Boring B-2 Depth: -80 fect Sample Number: 22
Terra Associates, Inc.
Kirkland, WA Figure A-14

Tested By: FQ




APPENDIX B

SLIDE OUTPUT
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i . Unit Weight Cohesion | Phi | Water

| Material Name | Color (Ibs/#t3) Strength Type (psf) | e Ru
2 Glacial Till | [ ] 125 Mohr-Coulomb | 250 | 38 | None | 0

i Structural Fill . 125 Mohr-Coulomb 0 34 None 0
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Walsh Hills - Land Use

Basins

Basin Total Area Forest, Flat Forest, Mod Forest, Steep Lawn, Flat Lawn, Mod Lawn, Steep Rooftops Roads, Flat Roads, Mod Flat Mod

SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC
East 330758 7.593 75248 1.727 56436 1.296 33124 0.760 45129 1.036 30086 0.691 0 0.000 45634 1.048 32485 0.746 0 0.000 12616 0.290 0 0.000
East Downstream 329889 7.573 13068 0.300 0 0.000| 290105 6.660 0 0.000 0 0.000 0 0.000 0 0.000 26716 0.613 0 0.000 0 0.000 0 0.000
West 253592 5.822 27182 0.624 18120 0.416 0 0.000 84580 1.942 56386 1.294 0 0.000 9055 0.208 52357 1.202 1913 0.044/ 5912 0.136 0 0.000
Offsite North 40344 0.926 0 0.000 0 0.000 0 0.000 20960 0.481 0 0.000 0 0.000 0 0.000 8147 0.187 0 0.000 11237 0.258 0 0.000

Predeveloped Basins

Basin Total Area Forest, Flat Forest, Mod Forest, Steep Lawn, Flat Lawn, Mod Lawn, Steep Rooftops Roads, Flat Roads, Mod Flat Mod

SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC
East 330758 7.593| 132303 3.037 115546 2.653 82909 1.903 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000
East Downstream 329889 7.573 13068 0.300 0 0.000| 290105 6.660 0 0.000 0 0.000 0 0.000 0 0.000 26716 0.613 0 0.000 0 0.000 0 0.000
West 253592 5.822| 152155 3.493 101437 2.329 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000
Offsite North 40344 0.926 0 0.000 0 0.000 0 0.000 20960 0.481 0 0.000 0 0.000 0 0.000 8147 0.187 0 0.000 11237 0.258 0 0.000

Developed Basins

Onsite Basin Total Area Forest, Flat Forest, Mod Forest, Steep Lawn, Flat Lawn, Mod Lawn, Steep Rooftops Roads, Flat Roads, Mod Sidewalks, Flat Sidewalks, Mod

SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC SF AC
East 428500 9.837 16508 0.379 0 0.000 0 0.000 86111 1.977 48777 1.120 0 0.000| 172222 3.954 40003 0.918 38929 0.894 12975 0.298 12975 0.298|
East Downstream 329889 7.573 13068 0.300 0 0.000| 290105 6.660 0 0.000 0 0.000 0 0.000 0 0.000 26716 0.613 0 0.000 0 0.000 0 0.000
West 147827 3.394 0 0.000 0 0.000 0 0.000 29841 0.685 20635 0.474/ 0 0.000 47633 1.094 21943 0.504 17930 0.412 5906 0.136 3938 0.090
Southwest Bypass 7896 0.181 0 0.000 0 0 0 0 1267 0.029 845 0.019 0 0.000 0 0.000 3059 0.070 2039 0.047 686 0.016 0 0.000
Offsite North 40344 0.926 0 0.000 0 0.000 0 0.000 20960 0.481 0 0.000 0 0.000 0 0.000 8147 0.187 0 0.000 11237 0.258 0 0.000]
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General Model Information

Project Name: Vault_West

Site Name: Walsh Hills

Site Address:

City:

Report Date: 11/6/2020

Gage: Everett

Data Start: 1948/10/01

Data End: 2009/09/30

Timestep: 15 Minute

Precip Scale: 1.200

Version Date: 2019/09/13

Version: 4.2.17

POC Thresholds

Low Flow Threshold for POC1: 50 Percent of the 2 Year
High Flow Threshold for POC1: 50 Year

Low Flow Threshold for POC2: 50 Percent of the 2 Year
High Flow Threshold for POC2: 50 Year
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Landuse Basin Data

Predeveloped Land Use

West
Bypass:

GroundWater:
Pervious Land Use
C, Forest, Flat

C, Forest, Mod
Pervious Total
Impervious Land Use
Impervious Total
Basin Total

Element Flows To:
Surface

Vault West

No
No
acre
3.493
2.329
5.822

acre

5.822

Interflow

Groundwater

11/6/2020 9:01:08 AM
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North Offsite
Bypass:

GroundWater:

Pervious Land Use
C, Lawn, Flat

Pervious Total
Impervious Land Use
ROADS FLAT
SIDEWALKS FLAT
Impervious Total
Basin Total

Element Flows To:
Surface

Vault West

No
No

acre
0.481

0.481
acre

0.187
0.258
0.445

0.926

Interflow

Groundwater

11/6/2020 9:01:08 AM
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East
Bypass:

GroundWater:
Pervious Land Use
C, Forest, Flat

C, Forest, Mod

C, Forest, Steep
Pervious Total
Impervious Land Use
Impervious Total
Basin Total

Element Flows To:
Surface

Vault West

No
No
acre
3.037
2.653
1.903
7.593

acre

7.593

Interflow

Groundwater

11/6/2020 9:01:08 AM
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East Downstream
Bypass:

GroundWater:
Pervious Land Use
C, Forest, Flat

C, Forest, Steep
Pervious Total

Impervious Land Use
ROADS FLAT

Impervious Total

Basin Total

Element Flows To:
Surface

Vault West

No
No
acre
6.66
6.96

acre
0.613

0.613
7.573

Interflow

Groundwater

11/6/2020 9:01:08 AM
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Mitigated Land Use

West
Bypass:

GroundWater:

Pervious Land Use
C, Lawn, Flat
C, Lawn, Mod

Pervious Total

Impervious Land Use
ROADS FLAT
ROADS MOD
ROOF TOPS FLAT
SIDEWALKS FLAT
SIDEWALKS MOD

Impervious Total

Basin Total

Element Flows To:
Surface
Vault 1

Vault West

No
No

acre
0.685
0.474

1.159

acre
0.504
0.412
1.094
0.136
0.09

2.236
3.395

Interflow
Vault 1

Groundwater

11/6/2020 9:01:08 AM
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Offsite North
Bypass:

GroundWater:

Pervious Land Use
C, Lawn, Flat

Pervious Total
Impervious Land Use
ROADS FLAT
SIDEWALKS FLAT
Impervious Total
Basin Total

Element Flows To:

Surface
Vault 1

Vault West

No
No

acre
0.481

0.481
acre

0.187
0.258
0.445

0.926

Interflow
Vault 1

Groundwater

11/6/2020 9:01:08 AM
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Southwest Bypass
Bypass:

GroundWater:
Pervious Land Use
C, Lawn, Flat

C, Lawn, Mod
Pervious Total
Impervious Land Use
ROADS FLAT
ROADS MOD
SIDEWALKS FLAT
Impervious Total
Basin Total

Element Flows To:
Surface

Vault West

Yes
No
acre
0.029
0.019
0.048
acre
0.07
0.047
0.016
0.133

0.181

Interflow

Groundwater

11/6/2020 9:01:08 AM
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East
Bypass:

GroundWater:

Pervious Land Use
C, Forest, Flat

C, Lawn, Flat

C, Lawn, Mod

Pervious Total

Impervious Land Use
ROADS FLAT
ROADS MOD
ROOF TOPS FLAT
SIDEWALKS FLAT
SIDEWALKS MOD

Impervious Total

Basin Total

Element Flows To:
Surface
Vault 2

Vault West

No
No

acre
0.379
1.977
1.12

3.476

acre

0.918
0.894
3.954
0.298
0.298

6.362
9.838

Interflow
Vault 2

Groundwater

11/6/2020 9:01:08 AM
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East Downstream
Bypass:

GroundWater:
Pervious Land Use
C, Forest, Flat

C, Forest, Mod
Pervious Total

Impervious Land Use
ROADS FLAT

Impervious Total

Basin Total

Element Flows To:
Surface

Vault West

Yes
No

acre
6.66
6.96

acre
0.613

0.613
7.573

Interflow

Groundwater

11/6/2020 9:01:08 AM
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Routing Elements
Predeveloped Routing
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Mitigated Routing

Vault 1

Width: 39 ft.

Length: 116 ft.

Depth: 6.4 ft.

Discharge Structure

Riser Height: 5.9 ft.

Riser Diameter: 18 in.

Orifice 1 Diameter: 2.2188 inElevation:0 ft.
Orifice 2 Diameter: 2.25in. Elevation:3.2 ft.
Orifice 3 Diameter: 1lin. Elevation:4.2 ft.
Element Flows To:

Outlet 1 Outlet 2

Vault Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.103 0.000 0.000 0.000
0.0711 0.103 0.007 0.035 0.000
0.1422 0.103 0.014 0.050 0.000
0.2133 0.103 0.022 0.061 0.000
0.2844 0.103 0.029 0.071 0.000
0.3556 0.103 0.036 0.079 0.000
0.4267 0.103 0.044 0.087 0.000
0.4978 0.103 0.051 0.094 0.000
0.5689 0.103 0.059 0.100 0.000
0.6400 0.103 0.066 0.106 0.000
0.7111 0.103 0.073 0.112 0.000
0.7822 0.103 0.081 0.118 0.000
0.8533 0.103 0.088 0.123 0.000
0.9244 0.103 0.096 0.128 0.000
0.9956 0.103 0.103 0.133 0.000
1.0667 0.103 0.110 0.138 0.000
1.1378 0.103 0.118 0.142 0.000
1.2089 0.103 0.125 0.146 0.000
1.2800 0.103 0.132 0.151 0.000
1.3511 0.103 0.140 0.155 0.000
1.4222 0.103 0.147 0.159 0.000
1.4933 0.103 0.155 0.163 0.000
1.5644 0.103 0.162 0.167 0.000
1.6356 0.103 0.169 0.170 0.000
1.7067 0.103 0.177 0.174 0.000
1.7778 0.103 0.184 0.178 0.000
1.8489 0.103 0.192 0.181 0.000
1.9200 0.103 0.199 0.185 0.000
1.9911 0.103 0.206 0.188 0.000
2.0622 0.103 0.214 0.191 0.000
2.1333 0.103 0.221 0.195 0.000
2.2044 0.103 0.228 0.198 0.000
2.2756 0.103 0.236 0.201 0.000
2.3467 0.103 0.243 0.204 0.000
2.4178 0.103 0.251 0.207 0.000
2.4889 0.103 0.258 0.210 0.000
2.5600 0.103 0.265 0.213 0.000
2.6311 0.103 0.273 0.216 0.000
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2.7022 0.103 0.280 0.219 0.000

2.7733 0.103 0.288 0.222 0.000
2.8444 0.103 0.295 0.225 0.000
2.9156 0.103 0.302 0.228 0.000
2.9867 0.103 0.310 0.230 0.000
3.0578 0.103 0.317 0.233 0.000
3.1289 0.103 0.325 0.236 0.000
3.2000 0.103 0.332 0.239 0.000
3.2711 0.103 0.339 0.278 0.000
3.3422 0.103 0.347 0.296 0.000
3.4133 0.103 0.354 0.310 0.000
3.4844 0.103 0.361 0.322 0.000
3.5556 0.103 0.369 0.333 0.000
3.6267 0.103 0.376 0.344 0.000
3.6978 0.103 0.384 0.353 0.000
3.7689 0.103 0.391 0.363 0.000
3.8400 0.103 0.398 0.371 0.000
3.9111 0.103 0.406 0.380 0.000
3.9822 0.103 0.413 0.388 0.000
4.0533 0.103 0.421 0.395 0.000
4.1244 0.103 0.428 0.403 0.000
4.1956 0.103 0.435 0.410 0.000
4.2667 0.103 0.443 0.424 0.000
4.3378 0.103 0.450 0.434 0.000
4.4089 0.103 0.457 0.444 0.000
4.4800 0.103 0.465 0.452 0.000
45511 0.103 0.472 0.460 0.000
4.6222 0.103 0.480 0.468 0.000
4.6933 0.103 0.487 0.476 0.000
4.7644 0.103 0.494 0.483 0.000
4.8356 0.103 0.502 0.491 0.000
4.9067 0.103 0.509 0.498 0.000
4.9778 0.103 0.517 0.505 0.000
5.0489 0.103 0.524 0.512 0.000
5.1200 0.103 0.531 0.518 0.000
5.1911 0.103 0.539 0.525 0.000
5.2622 0.103 0.546 0.531 0.000
5.3333 0.103 0.553 0.538 0.000
5.4044 0.103 0.561 0.544 0.000
5.4756 0.103 0.568 0.550 0.000
5.5467 0.103 0.576 0.556 0.000
5.6178 0.103 0.583 0.562 0.000
5.6889 0.103 0.590 0.568 0.000
5.7600 0.103 0.598 0.574 0.000
5.8311 0.103 0.605 0.580 0.000
5.9022 0.103 0.613 0.587 0.000
5.9733 0.103 0.620 0.907 0.000
6.0444 0.103 0.627 1.466 0.000
6.1156 0.103 0.635 2.168 0.000
6.1867 0.103 0.642 2.957 0.000
6.2578 0.103 0.649 3.774 0.000
6.3289 0.103 0.657 4.561 0.000
6.4000 0.103 0.664 5.263 0.000
6.4711 0.103 0.672 5.839 0.000
6.5422 0.000 0.000 6.272 0.000
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Vault 2

Width: 84 ft.

Length: 156 ft.

Depth: 13 ft.

Discharge Structure

Riser Height: 12.5 ft.

Riser Diameter: 18 in.

Orifice 1 Diameter: 1.875 in. Elevation:O ft.
Orifice 2 Diameter: 1.65in. Elevation:6.8 ft.
Element Flows To:

Outlet 1 Outlet 2

Vault Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.300 0.000 0.000 0.000
0.1444 0.300 0.043 0.036 0.000
0.2889 0.300 0.086 0.051 0.000
0.4333 0.300 0.130 0.062 0.000
0.5778 0.300 0.173 0.072 0.000
0.7222 0.300 0.217 0.081 0.000
0.8667 0.300 0.260 0.088 0.000
1.0111 0.300 0.304 0.095 0.000
1.1556 0.300 0.347 0.102 0.000
1.3000 0.300 0.391 0.108 0.000
1.4444 0.300 0.434 0.114 0.000
1.5889 0.300 0.478 0.120 0.000
1.7333 0.300 0.521 0.125 0.000
1.8778 0.300 0.564 0.130 0.000
2.0222 0.300 0.608 0.135 0.000
2.1667 0.300 0.651 0.140 0.000
2.3111 0.300 0.695 0.145 0.000
2.4556 0.300 0.738 0.149 0.000
2.6000 0.300 0.782 0.153 0.000
2.7444 0.300 0.825 0.158 0.000
2.8889 0.300 0.869 0.162 0.000
3.0333 0.300 0.912 0.166 0.000
3.1778 0.300 0.956 0.170 0.000
3.3222 0.300 0.999 0.173 0.000
3.4667 0.300 1.042 0.177 0.000
3.6111 0.300 1.086 0.181 0.000
3.7556 0.300 1.129 0.184 0.000
3.9000 0.300 1.173 0.188 0.000
4.0444 0.300 1.216 0.191 0.000
4.1889 0.300 1.260 0.195 0.000
4.3333 0.300 1.303 0.198 0.000
4.4778 0.300 1.347 0.201 0.000
4.6222 0.300 1.390 0.205 0.000
4.7667 0.300 1.433 0.208 0.000
49111 0.300 1.477 0.211 0.000
5.0556 0.300 1.520 0.214 0.000
5.2000 0.300 1.564 0.217 0.000
5.3444 0.300 1.607 0.220 0.000
5.4889 0.300 1.651 0.223 0.000
5.6333 0.300 1.694 0.226 0.000
5.7778 0.300 1.738 0.229 0.000
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5.9222 0.300 1.781 0.232 0.000

6.0667 0.300 1.825 0.235 0.000
6.2111 0.300 1.868 0.237 0.000
6.3556 0.300 1.911 0.240 0.000
6.5000 0.300 1.955 0.243 0.000
6.6444 0.300 1.998 0.245 0.000
6.7889 0.300 2.042 0.248 0.000
6.9333 0.300 2.085 0.278 0.000
7.0778 0.300 2.129 0.292 0.000
7.2222 0.300 2.172 0.304 0.000
7.3667 0.300 2.216 0.314 0.000
7.5111 0.300 2.259 0.323 0.000
7.6556 0.300 2.303 0.332 0.000
7.8000 0.300 2.346 0.340 0.000
7.9444 0.300 2.389 0.347 0.000
8.0889 0.300 2.433 0.355 0.000
8.2333 0.300 2.476 0.362 0.000
8.3778 0.300 2.520 0.368 0.000
8.5222 0.300 2.563 0.375 0.000
8.6667 0.300 2.607 0.381 0.000
8.8111 0.300 2.650 0.388 0.000
8.9556 0.300 2.694 0.394 0.000
9.1000 0.300 2.737 0.399 0.000
9.2444 0.300 2.781 0.405 0.000
9.3889 0.300 2.824 0.411 0.000
9.5333 0.300 2.867 0.416 0.000
9.6778 0.300 2911 0.422 0.000
9.8222 0.300 2.954 0.427 0.000
9.9667 0.300 2.998 0.432 0.000
10.111 0.300 3.041 0.437 0.000
10.256 0.300 3.085 0.442 0.000
10.400 0.300 3.128 0.447 0.000
10.544 0.300 3.172 0.452 0.000
10.689 0.300 3.215 0.457 0.000
10.833 0.300 3.259 0.462 0.000
10.978 0.300 3.302 0.467 0.000
11.122 0.300 3.345 0.471 0.000
11.267 0.300 3.389 0.476 0.000
11.411 0.300 3.432 0.480 0.000
11.556 0.300 3.476 0.485 0.000
11.700 0.300 3.519 0.489 0.000
11.844 0.300 3.563 0.494 0.000
11.989 0.300 3.606 0.498 0.000
12.133 0.300 3.650 0.502 0.000
12.278 0.300 3.693 0.507 0.000
12.422 0.300 3.736 0.511 0.000
12.567 0.300 3.780 0.789 0.000
12.711 0.300 3.823 2.039 0.000
12.856 0.300 3.867 3.659 0.000
13.000 0.300 3.910 5.167 0.000
13.144 0.300 3.954 6.181 0.000
13.289 0.000 0.000 6.830 0.000
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Analysis Results
POC 1
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+ Predeveloped x Mitigated

Predeveloped Landuse Totals for POC #1

Total Pervious Area: 6.303
Total Impervious Area: 0.445
Mitigated Landuse Totals for POC #1
Total Pervious Area: 1.688
Total Impervious Area: 2.814

Flow Frequency Method:  Log Pearson Type Il 17B
Flow Frequency Return Periods for Predeveloped. POC #1

Return Period Flow(cfs)
2 year 0.446369
5 year 0.681813
10 year 0.866804
25 year 1.135996
50 year 1.363813
100 year 1.616337
Flow Frequency Return Periods for Mitigated. POC #1
Return Period Flow(cfs)
2 year 0.268949
5 year 0.376072
10 year 0.461463
25 year 0.587486
50 year 0.695708
100 year 0.817278

Annual Peaks
Annual Peaks for Predeveloped and Mitigated. POC #1

Year Predeveloped Mitigated
1949 0.583 0.226
1950 0.625 0.264
1951 0.376 0.235
1952 0.427 0.221
1953 0.491 0.219
1954 1.268 0.284
1955 0.599 0.318
1956 0.360 0.263
1957 0.606 0.343
1958 1.072 0.356
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1959 0.373 0.244

1960 0.488 0.308
1961 1.519 0.417
1962 0.451 0.272
1963 0.772 0.286
1964 0.416 0.237
1965 0.241 0.216
1966 0.238 0.193
1967 0.484 0.320
1968 0.486 0.399
1969 1.462 0.317
1970 0.318 0.204
1971 0.516 0.233
1972 0.572 0.323
1973 0.443 0.215
1974 0.711 0.284
1975 0.511 0.223
1976 0.286 0.260
1977 0.264 0.239
1978 0.303 0.202
1979 0.884 0.410
1980 0.419 0.227
1981 0.324 0.218
1982 0.326 0.424
1983 0.579 0.256
1984 0.356 0.250
1985 0.504 0.327
1986 0.928 0.609
1987 0.417 0.393
1988 0.357 0.239
1989 0.467 0.206
1990 0.306 0.223
1991 0.303 0.238
1992 0.408 0.219
1993 0.305 0.225
1994 0.244 0.230
1995 0.287 0.233
1996 0.631 0.388
1997 1.121 1.625
1998 0.457 0.262
1999 0.281 0.223
2000 0.612 0.273
2001 0.176 0.196
2002 0.262 0.229
2003 0.220 0.205
2004 0.548 0.384
2005 0.273 0.249
2006 0.832 0.432
2007 0.709 0.266
2008 0.642 0.904
2009 0.316 0.227

Ranked Annual Peaks
Ranked Annual Peaks for Predeveloped and Mitigated. POC #1

Rank Predeveloped Mitigated
1 1.5188 1.6252
2 1.4620 0.9038
3 1.2679 0.6092
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4 1.1211 0.4317
5 1.0720 0.4244
6 0.9278 0.4166
7 0.8845 0.4100
8 0.8317 0.3991
9 0.7719 0.3931
10 0.7115 0.3880
11 0.7094 0.3835
12 0.6423 0.3561
13 0.6308 0.3428
14 0.6245 0.3268
15 0.6120 0.3226
16 0.6060 0.3197
17 0.5994 0.3176
18 0.5828 0.3171
19 0.5786 0.3076
20 0.5718 0.2864
21 0.5482 0.2842
22 0.5158 0.2839
23 0.5107 0.2731
24 0.5042 0.2723
25 0.4910 0.2661
26 0.4876 0.2643
27 0.4862 0.2630
28 0.4837 0.2622
29 0.4672 0.2603
30 0.4575 0.2561
31 0.4506 0.2502
32 0.4425 0.2489
33 0.4265 0.2440
34 0.4189 0.2388
35 0.4168 0.2386
36 0.4159 0.2383
37 0.4083 0.2369
38 0.3762 0.2352
39 0.3733 0.2330
40 0.3605 0.2326
41 0.3572 0.2302
42 0.3565 0.2287
43 0.3263 0.2267
44 0.3238 0.2266
45 0.3182 0.2255
46 0.3158 0.2254
a7 0.3065 0.2232
48 0.3051 0.2230
49 0.3030 0.2228
50 0.3027 0.2213
51 0.2868 0.2194
52 0.2858 0.2192
53 0.2814 0.2184
54 0.2730 0.2164
55 0.2635 0.2151
56 0.2623 0.2055
57 0.2444 0.2051
58 0.2415 0.2044
59 0.2382 0.2021
60 0.2205 0.1959
61 0.1756 0.1927
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Fail
0.2232 2911 2573 88 Pass
0.2347 2447 1628 66 Pass
0.2462 2026 1155 57 Pass
0.2577 1723 1007 58 Pass
0.2693 1455 921 63 Pass
0.2808 1279 876 68 Pass
0.2923 1102 836 75 Pass
0.3038 994 791 79 Pass
0.3154 892 714 80 Pass
0.3269 800 657 82 Pass
0.3384 728 604 82 Pass
0.3499 671 544 81 Pass
0.3614 622 493 79 Pass
0.3730 583 433 74 Pass
0.3845 539 364 67 Pass
0.3960 493 309 62 Pass
0.4075 462 286 61 Pass
0.4191 427 264 61 Pass
0.4306 402 250 62 Pass
0.4421 374 245 65 Pass
0.4536 347 237 68 Pass
0.4651 317 228 71 Pass
0.4767 296 218 73 Pass
0.4882 265 208 78 Pass
0.4997 243 195 80 Pass
0.5112 223 180 80 Pass
0.5227 201 158 78 Pass
0.5343 174 142 81 Pass
0.5458 157 124 78 Pass
0.5573 136 112 82 Pass
0.5688 121 96 79 Pass
0.5804 104 70 67 Pass
0.5919 93 61 65 Pass
0.6034 81 45 55 Pass
0.6149 69 35 50 Pass
0.6264 60 31 51 Pass
0.6380 55 27 49 Pass
0.6495 49 24 48 Pass
0.6610 42 24 57 Pass
0.6725 40 22 55 Pass
0.6840 36 22 61 Pass
0.6956 30 21 70 Pass
0.7071 27 19 70 Pass
0.7186 24 18 75 Pass
0.7301 21 17 80 Pass
0.7417 17 16 94 Pass
0.7532 15 15 100 Pass
0.7647 15 15 100 Pass
0.7762 14 14 100 Pass
0.7877 13 14 107 Pass
0.7993 13 12 92 Pass
0.8108 13 11 84 Pass
0.8223 13 11 84 Pass
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0.8338 11 11 100 Pass
0.8453 10 9 a0 Pass
0.8569 9 7 77 Pass
0.8684 9 7 77 Pass
0.8799 9 6 66 Pass
0.8914 8 5 62 Pass
0.9030 8 4 50 Pass
0.9145 8 3 37 Pass
0.9260 8 3 37 Pass
0.9375 7 3 42 Pass
0.9490 7 3 42 Pass
0.9606 7 3 42 Pass
0.9721 7 3 42 Pass
0.9836 7 3 42 Pass
0.9951 6 3 50 Pass
1.0066 6 3 50 Pass
1.0182 6 3 50 Pass
1.0297 6 3 50 Pass
1.0412 6 2 33 Pass
1.0527 6 2 33 Pass
1.0643 6 2 33 Pass
1.0758 5 2 40 Pass
1.0873 5 2 40 Pass
1.0988 5 2 40 Pass
1.1103 5 2 40 Pass
1.1219 5 2 40 Pass
1.1334 4 2 50 Pass
1.1449 4 2 50 Pass
1.1564 4 2 50 Pass
1.1679 4 2 50 Pass
1.1795 4 2 50 Pass
1.1910 4 2 50 Pass
1.2025 4 2 50 Pass
1.2140 4 2 50 Pass
1.2256 4 2 50 Pass
1.2371 4 2 50 Pass
1.2486 4 2 50 Pass
1.2601 4 2 50 Pass
1.2716 3 2 66 Pass
1.2832 3 2 66 Pass
1.2947 2 2 100 Pass
1.3062 2 2 100 Pass
1.3177 2 2 100 Pass
1.3292 2 2 100 Pass
1.3408 2 2 100 Pass
1.3523 2 2 100 Pass
1.3638 2 2 100 Pass
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Water Quality
Water Quality BMP Flow and Volume for POC #1

On-line facility volume: 0 acre-feet
On-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
Off-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
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LID Report

LID Technique Used for Total Volume |Volume Infiltration Cumulative |Percent Water Quuality [ Percent Comment
Treatment ? [Meeds Through Volume Volume Volume Water Quality
Treatment Facility (ac-ft) Infiltration Infiltrated Treated
{ac-ft) {ac-ft) Credit
Vault 1 POC | 634.98 (| 0.00
Total Volume Infiltrated §34.08 0.00 0.00 0.00 0.00 0% gfegfat
Compliance with LID E#;f;g;
g}arndard 8% of 2-yr to 50% of Result=
¥ Failed
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+ Predeveloped x Mitigated

Predeveloped Landuse Totals for POC #2

Total Pervious Area: 14.553
Total Impervious Area: 0.613
Mitigated Landuse Totals for POC #2
Total Pervious Area: 10.436
Total Impervious Area: 6.975

Flow Frequency Method:  Log Pearson Type Il 17B
Flow Frequency Return Periods for Predeveloped. POC #2

Return Period Flow(cfs)
2 year 0.872448
5 year 1.364844
10 year 1.767386
25 year 2.37329
50 year 2.902038
100 year 3.503022
Flow Frequency Return Periods for Mitigated. POC #2
Return Period Flow(cfs)
2 year 0.655655
5 year 0.91714
10 year 1.117405
25 year 1.403439
50 year 1.641917
100 year 1.903413

Annual Peaks
Annual Peaks for Predeveloped and Mitigated. POC #2

Year Predeveloped Mitigated
1949 1.055 0.730
1950 1.156 0.784
1951 0.773 0.574
1952 0.800 0.612
1953 0.840 0.626
1954 2.917 1.608
1955 1.076 0.744
1956 0.836 0.617
1957 1.184 0.839
1958 2.627 1.159
1959 0.741 0.570
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1960 0.917 0.617

1961 3.152 1.550
1962 0.890 0.635
1963 1.474 0.941
1964 0.923 0.525
1965 0.569 0.480
1966 0.467 0.403
1967 0.832 0.756
1968 0.977 0.708
1969 2.793 1.735
1970 0.593 0.476
1971 1.044 0.761
1972 0.859 0.742
1973 0.699 0.575
1974 1.599 0.968
1975 0.903 0.652
1976 0.581 0.452
1977 0.540 0.472
1978 0.645 0.522
1979 1.721 1.083
1980 0.844 0.632
1981 0.628 0.478
1982 0.766 0.603
1983 1.319 0.820
1984 0.657 0.582
1985 0.957 0.720
1986 1.962 1.329
1987 0.870 0.749
1988 0.666 0.495
1989 0.851 0.604
1990 0.640 0.558
1991 0.689 0.555
1992 0.735 0.539
1993 0.569 0.437
1994 0.486 0.488
1995 0.645 0.544
1996 1.426 0.891
1997 2.458 1.757
1998 0.708 0.558
1999 0.591 0.459
2000 0.687 0.748
2001 0.276 0.350
2002 0.615 0.511
2003 0.476 0.400
2004 0.828 0.714
2005 0.615 0.513
2006 1.797 1.195
2007 1.493 0.991
2008 1.685 1.131
2009 0.578 0.511

Ranked Annual Peaks
Ranked Annual Peaks for Predeveloped and Mitigated. POC #2

Rank Predeveloped Mitigated
1 3.1524 1.7574
2 2.9166 1.7346
3 2.7926 1.6079
4 2.6269 1.5504
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5 2.4575 1.3289
6 1.9616 1.1953
7 1.7973 1.1588
8 1.7214 1.1310
9 1.6849 1.0827
10 1.5995 0.9908
11 1.4932 0.9682
12 1.4740 0.9411
13 1.4262 0.8908
14 1.3186 0.8393
15 1.1837 0.8204
16 1.1560 0.7840
17 1.0761 0.7615
18 1.0553 0.7556
19 1.0437 0.7490
20 0.9775 0.7483
21 0.9571 0.7442
22 0.9233 0.7418
23 0.9170 0.7301
24 0.9030 0.7204
25 0.8896 0.7136
26 0.8698 0.7076
27 0.8594 0.6519
28 0.8514 0.6350
29 0.8445 0.6322
30 0.8400 0.6264
31 0.8357 0.6174
32 0.8321 0.6168
33 0.8276 0.6117
34 0.8004 0.6037
35 0.7726 0.6027
36 0.7660 0.5820
37 0.7412 0.5746
38 0.7347 0.5742
39 0.7083 0.5705
40 0.6986 0.5579
41 0.6889 0.5576
42 0.6866 0.5550
43 0.6663 0.5440
44 0.6565 0.5394
45 0.6454 0.5247
46 0.6450 0.5215
a7 0.6396 0.5130
48 0.6281 0.5110
49 0.6155 0.5106
50 0.6147 0.4947
51 0.5929 0.4883
52 0.5915 0.4799
53 0.5808 0.4777
54 0.5776 0.4761
55 0.5694 0.4717
56 0.5688 0.4587
57 0.5397 0.4523
58 0.4859 0.4368
59 0.4764 0.4027
60 0.4674 0.4003
61 0.2758 0.3502
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Fail
0.4362 6755 3859 57 Pass
0.4611 5467 2849 52 Pass
0.4860 4434 2194 49 Pass
0.5109 3606 1724 47 Pass
0.5359 2988 1403 46 Pass
0.5608 2453 1201 48 Pass
0.5857 2074 1031 49 Pass
0.6106 1787 915 51 Pass
0.6355 1500 830 55 Pass
0.6604 1269 748 58 Pass
0.6853 1100 690 62 Pass
0.7102 982 623 63 Pass
0.7351 880 569 64 Pass
0.7600 786 515 65 Pass
0.7849 722 478 66 Pass
0.8098 667 426 63 Pass
0.8347 602 390 64 Pass
0.8596 563 358 63 Pass
0.8846 521 318 61 Pass
0.9095 496 286 57 Pass
0.9344 453 252 55 Pass
0.9593 425 217 51 Pass
0.9842 398 192 48 Pass
1.0091 377 161 42 Pass
1.0340 361 137 37 Pass
1.0589 340 111 32 Pass
1.0838 324 93 28 Pass
1.1087 309 80 25 Pass
1.1336 298 70 23 Pass
1.1585 281 65 23 Pass
1.1834 264 57 21 Pass
1.2083 256 53 20 Pass
1.2333 244 48 19 Pass
1.2582 234 41 17 Pass
1.2831 218 39 17 Pass
1.3080 199 33 16 Pass
1.3329 186 26 13 Pass
1.3578 176 23 13 Pass
1.3827 163 22 13 Pass
1.4076 144 19 13 Pass
1.4325 132 18 13 Pass
1.4574 110 16 14 Pass
1.4823 99 15 15 Pass
1.5072 87 14 16 Pass
1.5321 80 11 13 Pass
1.5570 73 10 13 Pass
1.5820 62 10 16 Pass
1.6069 55 9 16 Pass
1.6318 41 7 17 Pass
1.6567 32 4 12 Pass
1.6816 28 3 10 Pass
1.7065 24 3 12 Pass
1.7314 21 3 14 Pass
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1.7563 20 1 5 Pass
1.7812 17 0 0 Pass
1.8061 12 0 0 Pass
1.8310 11 0 0 Pass
1.8559 11 0 0 Pass
1.8808 11 0 0 Pass
1.9057 10 0 0 Pass
1.9307 9 0 0 Pass
1.9556 8 0 0 Pass
1.9805 7 0 0 Pass
2.0054 7 0 0 Pass
2.0303 7 0 0 Pass
2.0552 7 0 0 Pass
2.0801 7 0 0 Pass
2.1050 7 0 0 Pass
2.1299 7 0 0 Pass
2.1548 7 0 0 Pass
2.1797 7 0 0 Pass
2.2046 6 0 0 Pass
2.2295 6 0 0 Pass
2.2545 6 0 0 Pass
2.2794 6 0 0 Pass
2.3043 6 0 0 Pass
2.3292 6 0 0 Pass
2.3541 6 0 0 Pass
2.3790 6 0 0 Pass
2.4039 6 0 0 Pass
2.4288 6 0 0 Pass
2.4537 6 0 0 Pass
2.4786 5 0 0 Pass
2.5035 5 0 0 Pass
2.5284 5 0 0 Pass
2.5533 5 0 0 Pass
2.5782 5 0 0 Pass
2.6032 5 0 0 Pass
2.6281 4 0 0 Pass
2.6530 4 0 0 Pass
2.6779 4 0 0 Pass
2.7028 4 0 0 Pass
2.7277 3 0 0 Pass
2.7526 3 0 0 Pass
2.7775 3 0 0 Pass
2.8024 2 0 0 Pass
2.8273 2 0 0 Pass
2.8522 2 0 0 Pass
2.8771 2 0 0 Pass
2.9020 2 0 0 Pass
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Water Quality
Water Quality BMP Flow and Volume for POC #2

On-line facility volume: 0 acre-feet
On-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
Off-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
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LID Report

LID Technique Used for Total Volume |Volume Infiltration Cumulative |Percent Water Quuality [ Percent Comment
Treatment ? [Meeds Through Volume Volume Volume Water Quality
Treatment Facility (ac-ft) Infiltration Infiltrated Treated
{ac-ft) {ac-ft) Credit
Vault 2 POC | 144970 (| 0.00
Total Volume Infiltrated 1449.70 0.00 0.00 0.00 0.00 0% gfegfat
Compliance with LID E#;f;g;
g}arndard 8% of 2-yr to 50% of Result=
¥ Failed
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Model Default Modifications

Total of O changes have been made.

PERLND Changes
No PERLND changes have been made.

IMPLND Changes
No IMPLND changes have been made.
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Appendix

Predeveloped Schematic
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Mitigated Schematic

INJ

East
Downstream

7.57ac
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Predeveloped UCI File

9
9

RUN
GLOBAL
WAHMA nodel sinul ation
START 1948 10 01 END 2009 09 30
RUN | NTERP OUTPUT LEVEL 3 0
RESUME 0 RUN 1 UNI T SYSTEM 1
END GLOBAL
FI LES
<File> <Un#> S File Name----------cmommmmm e Sk ok *
<- I D_ > * k%
VDM 26 Vaul t _West . wdm
MESSU 25 PreVaul t _West. MES
27 PreVault West. L61
28 PreVaul t _West. L62
30 POCVaul t _West 1. dat
31 POCvaul t _West 2. dat
END FI LES
OPN SEQUENCE
| NGRP | NDELT 00: 15
PERLND 10
PERLND 11
PERLND 16
| MPLND 1
| MPLND 8
PERLND 12
CcoPY 501
CcoPY 502
DI SPLY 1
DI SPLY 2
END | NGRP
END OPN SEQUENCE
DI SPLY
DI SPLY- | NFOL
# - <o Title----------- >***TRAN PIVL DIGL FIL1 PYR DI& FIL2 YRND
1 Vst MAX 1 2 30
2 East MAX 1 2 31
END DI SPLY- | NFOL
END DI SPLY
CoPY
TI MESERI ES
# - # NPT NWN ***
1 1 1
501 1 1
502 1 1
END TI MESERI ES
END COPY
GENER
OPCODE
# # OPCD ***
END OPCODE
PARM
# # K * % %
END PARM
END GENER
PERLND
GEN- | NFO
<PLS ><------- Name- ------ >NBLKS  Unit-systens Printer ***
# - # User t-series Engl Metr ***
in out il
10 C, Forest, Flat 1 1 1 1 27 0
11 C, Forest, Md 1 1 1 1 27 0
16 C, Lawn, Fl at 1 1 1 1 27 0
12 C, Forest, Steep 1 1 1 1 27 0

END GEN- | NFO
*** Secti on PWATER***
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ACTIMITY

<PLS S khkkkkkkkkkkkx ACtIVE SeCtI ons EE R R R I I R R

# - # ATMP SNOW PWAT SED PST PW5 PQAL MSTL PEST NI TR PHOS TRAC ***

10 0 0 1 0 0 0 0 0 0 0 0 0
11 0 0 1 0 0 0 0 0 0 0 0 0
16 0 0 1 0 0 0 0 0 0 0 0 0
12 0 0 1 0 0 0 0 0 0 0 0 0
END ACTIVITY
PRI NT- | NFO

<PLS > EE I b b b I I I Prl nt_fl ags EE IR I b I S I b b b I I I I I I S S b I I PI VL PYR
# - # ATMP SNOWPWAT SED PST PWG PQAL MSTL PEST NI TR PHOS TRAC ******xxx

10 0 0 4 0 0 0 0 0 0 0 0 0 1 9
11 0 0 4 0 0 0 0 0 0 0 0 0 1 9
16 0 0 4 0 0 0 0 0 0 0 0 0 1 9
12 0 0 4 0 0 0 0 0 0 0 0 0 1 9
END PRI NT- 1 NFO
PWAT- PARML
<PLS > PWATER variable nmonthly paranmeter value flags ***
# - # CSNO RTOP UWZFG VCS VUZ VNN VIFWVIRC VLE INFC HW ***
10 0 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 0
END PWAT- PARML
PWAT- PARM?

<PLS > PWATER i nput info: Part 2 i

# - # ***FCOREST LZSN I NFI LT LSUR SLSUR KVARY AGARC
10 0 4.5 0. 08 400 0. 05 0.5 0. 996
11 0 4.5 0. 08 400 0.1 0.5 0. 996
16 0 4.5 0.03 400 0.05 0.5 0. 996
12 0 4.5 0. 08 400 0.15 0.5 0. 996

END PWAT- PARM?
PWAT- PARMB

<PLS > PWATER i nput info: Part 3 * ok *

# - # ***PETMAX PETM N I NFEXP I NFI LD DEEPFR BASETP AGNETP
10 0 0 2 2 0 0 0
11 0 0 2 2 0 0 0
16 0 0 2 2 0 0 0
12 0 0 2 2 0 0 0

END PWAT- PARMB
PWAT- PARVA4

<PLS > PWATER i nput info: Part 4 i

# - # CEPSC UZSN NSUR | NTFW | RC LZETP ***
10 0.2 0.5 0.35 6 0.5 0.7
11 0.2 0.5 0.35 6 0.5 0.7
16 0.1 0.25 0.25 6 0.5 0.25
12 0.2 0.3 0.35 6 0.3 0.7

END PWAT- PARVA
PWAT- STATEL
<PLS > *** |nitial conditions at start of sinulation
ran from 1990 to end of 1992 (pat 1-11-95) RUN 21 ***

# - # *** CEPS SURS uzs | FW5 LZS AGNS GWS
10 0 0 0 0 2.5 1 0
11 0 0 0 0 2.5 1 0
16 0 0 0 0 2.5 1 0
12 0 0 0 0 2.5 1 0

END PWAT- STATE1
END PERLND
| MPLND
GEN- | NFO
<PLS ><------- Nane------- > Unit-systens Printer ***
# - # User t-series Engl Metr ***
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1 ROADS/ FLAT

8 S| DEWALKS/ FLAT

END GEN- I NFO

*** Section | WATER***

ACTIMI TY

<PLS S kxkkkkkkhkhkkkk ok ACtIVG SeCtI ons Rk Rk b ok S Rk Sk b o b I R

# - # ATMP SNOWIWAT SLD

1 0 0
8 0 0
END ACTIVITY
PRI NT- | NFO

1 0
1 0

OUt * k% %

I WG | QAL ol

0
0

<ILS > ***xxxxx prinpt-flags ******** PVL PYR

# -  # ATMP SNOWIWAT SLD IWsG | QAL FhE A A KKK
1 0 0 4 0 0 1 9
8 0 0 4 0 0 1 9
END PRI NT- 1 NFO
| WAT- PARML
<PLS > |WATER vari able nmonthly paraneter value flags ***
# - # CSNO RTOP VRS VNN RTLI * kK
1 0 0 0 0
8 0 0 0 0
END | WAT- PARML
| WAT- PARM2
<PLS > | WATER i nput info: Part 2 *k K
# - # *** LSUR SLSUR NSUR RETSC
1 400 0.01 0.1 0.1
8 400 0.01 0.1 0.1
END | WAT- PARM
| WAT- PARMB
<PLS > | WATER i nput info: Part 3 * ok *
# - # ***PETMAX PETM N
1 0 0
8 0 0
END | WAT- PARM3
| WAT- STATEL
<PLS > *** |nitial conditions at start of simulation
# - # *** RETS SURS
1 0 0
8 0 0
END | WAT- STATEL
END | MPLND
SCHEMATI C
<- Sour ce- > <--Area--> <-Target -> MBLK
<Nane> # <-factor-> <Nane> # Thl #
\Mst * % %
PERLND 10 3.493 COPY 501 12
PERLND 10 3.493 COPY 501 13
PERLND 11 2.329 CcoPY 501 12
PERLND 11 2.329 CoOPY 501 13
North OfFfsite***
PERLND 16 0.481 CcoPY 501 12
PERLND 16 0.481 COPY 501 13
| MPLND 1 0. 187 COPY 501 15
| V\LND 8 0. 258 CcoPY 501 15
East ***
PERLND 10 3. 037 COPY 502 12
PERLND 10 3. 037 COPY 502 13
PERLND 11 2. 653 COPY 502 12
PERLND 11 2.653 COPY 502 13
PERLND 12 1.903 COPY 502 12
PERLND 12 1.903 COPY 502 13
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East Downstreant**

PERLND 10 0.3 CoOPY 502 12
PERLND 10 0.3 CoPY 502 13
PERLND 12 6. 66 COPY 502 12
PERLND 12 6. 66 CoOPY 502 13
IMPLND 1 0.613 CoPY 502 15
******Routi ng******
END SCHEMATI C
NETWORK
<-Vol une-> <- @ p> <-Menber-><--Milt-->Tran <-Target vol s> <-G p> <-Menber-> ***
<Name> # <Nanme> # #<-factor->strg <Name> # # <Name> # # ***
COPY 501 QUTPUT MEAN 1 1 48.4 DI SPLY 1 I NPUT TI MBER 1
COPY 502 QUTPUT MEAN 1 1 48.4 DI SPLY 2 | NPUT Tl MSER 1
<-Vol une-> <- G p> <-Menber-><--Milt-->Tran <-Target vol s> <-G p> <-Menber-> ***
<Name> # <Nanme> # #<-factor->strg <Name> # # <Name> # # ***
END NETWORK
RCHRES
GEN- | NFO
RCHRES Narme Nexits Unit Systemns Printer *oxk
# - B ><---> User T-series Engl Metr LKFG i
in out *kx
END GEN- | NFO
*** Section RCHRES***
ACTIVITY
<PLS > kkkkkhkkhkkkkhkhkkk*k Active Secti ons R IR I bk S bk R kS S I
# - # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***
END ACTIVITY
PRI NT- | NFO
<PLS > kkkkkikhkkhkkhkkhkkkhkkkkhk*k PI’I nt_fl ags R S I I Sk b b b S S I S I PI VL PYR

# - # HYDR ADCA CONS HEAT SED
END PRI NT- I NFO

QL

HYDR- PARML
RCHRES Flags for each HYDR Section

kkkkkkhkk*k

OXRX NUTR PLNK PHCB PI VL PYR

* % %

# - # VC AL A2 A3 ODFVFG for each *** ODGIFG for each FUNCT for each
FG FG FG FG possible exit *** possible exit possible exit
* * * * * * * * * * * * * * * %k %
END HYDR- PARML
HYDR- PARM2
# - # FTABNO LEN DELTH STCOR KS DB50 *Rx
<------ Y S ><om oo ><om oo ><om oo ><om oo ><om oo > *kk
END HYDR- PARM2
HYDR-INI'T
RCHRES Initial conditions for each HYDR section i
# - H# ¥ VCL Initial value of COLIND Initial value of OUTDGT
*** ac-ft for each possible exit for each possible exit
<o ><om oo > S T e T T L e T e T
END HYDR- I NI'T
END RCHRES

SPEC- ACTI ONS
END SPEC- ACTI ONS
FTABLES

END FTABLES

EXT SOURCES

<-Vol une-> <Menber > SsysSgap<--Milt-->Tran <-Target vol s> <-G p> <-Menber-> ***
<Name> # <Name> # tem strg<-factor->strg <Name> # # <Name> # # ***

VWDM 2 PREC ENGL 1.2 PERLND 1 999 EXTNL PREC

VWM 2 PREC ENGL 1.2 | MPLND 1 999 EXTNL PREC

VDM 1 EVAP ENGL 0.76 PERLND 1 999 EXTNL PETI NP
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VDM 1 EVAP ENGL 0.76 I MPLND 1 999 EXTNL PETI NP
END EXT SOURCES

EXT TARCETS
<-Vol une-> <- @ p> <-Menber-><--Milt-->Tran <-Vol une-> <Menber> Tsys Tgap And ***
<Name> # <Nanme> # #<-factor->strg <Name> # <Nanme> temstrg strg***
COPY 501 QUTPUT MEAN 1 1 48. 4 VDM 501 FLOW ENGL REPL
COPY 502 QUTPUT MEAN 1 1 48. 4 VDM 502 FLOW ENGL REPL
END EXT TARGETS
MASS- LI NK
<Vol ume> <-Gp> <-Menber-><--Milt--> <Tar get > <-G p> <-Menber->***
<Name> <Name> # #<-factor-> <Name> <Name> # #***
MASS- LI NK 12
PERLND PWATER SURO 0. 083333 COoOPY I NPUT MEAN
END MASS-LINK 12
MASS- LI NK 13
PERLND PWATER | FWD 0. 083333 corY | NPUT MEAN
END MASS-LINK 13
MASS- LI NK 15
| MPLND | WATER SURO 0. 083333 corPY | NPUT MEAN

END MASS-LINK 15

END MASS- LI NK
END RUN
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Mitigated UCI File

RUN
GLOBAL
WAHMA nodel sinul ation
START 1948 10 01 END 2009 09 30
RUN | NTERP OUTPUT LEVEL 3 0
RESUME 0 RUN 1 UNI T SYSTEM 1
END GLOBAL
FI LES
<File> <Un#> S File Name----------cmommmmm e Sk ok *
<- I D_ > * k%
VDM 26 Vaul t _West . wdm
MESSU 25 M tVaul t _West. MES
27 MtVault West.L61
28 Mt Vaul t _West. L62
31 POCVaul t _West 2. dat
30 POCvaul t _West 1. dat
END FI LES
OPN SEQUENCE
| NGRP | NDELT 00: 15
PERLND 16
PERLND 17
| MPLND 1
| MPLND 2
| MPLND 4
| MPLND 8
| MPLND 9
PERLND 10
PERLND 11
RCHRES 1
RCHRES 2
coPY 2
CcoPY 502
CcoPY 602
coPY 1
CcoPY 501
CcoPY 601
DI SPLY 2
DI SPLY 1
END | NGRP
END OPN SEQUENCE
DI SPLY
DI SPLY- | NFOL
# - <o Title----------- >***TRAN PIVL DIGL FIL1 PYR DI& FIL2 YRND
2 Vault 2 MAX 1 2 31 9
1 Vault 1 MAX 1 2 30 9
END DI SPLY- | NFOL
END DI SPLY
CoPY
TI MESERI ES
# - # NPT NWN ***
1 1 1
2 1 1
502 1 1
602 1 1
501 1 1
601 1 1
END TI MESERI ES
END COPY
GENER
OPCODE
# # OPCD ***
END OPCODE
PARM
# # K * % %
END PARM
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END CGENER

PERLND
GEN- | NFO
<PLS ><------- Name------- >NBLKS  Unit-systens Printer
# - # User t-series Engl Metr
in out
16 C, Lawn, Fl at 1 1 1 1 27 0
17 C, Lawn, Mod 1 1 1 1 27 0
10 C, Forest, Flat 1 1 1 1 27 0
11 C, Forest, Md 1 1 1 1 27 0
END GEN- | NFO

*** Section PWATER***
ACTIVITY

* k% %
* k% %
* % %

<PLS S khkkkkkkkkkkkx ACtIVE SeCtI ons EE R R R I I R R

# - # ATMP SNOW PWAT

16 0 0 1 0
17 0 0 1 0
10 0 0 1 0
11 0 0 1 0
END ACTIVITY
PRI NT- | NFO

SED PST PW5 PQAL MSTL PEST NI TR PHOS TRA

[eoleolole)
[eoleolole)
[eoleolole)
[eoleolole)
[eoleolole)
[eoleolole)

* k% %

[eoleolole)
[eoleolole)

<PLS S Fhkkkkkkkkkkkkkokkk Prl nt_fl ags EE R R R I I R R PI VL PYR

# -  # ATMP SNOW PWAT SED PST PWG PQAL MSTL PEST NI TR PHOS TRAC
16 0 0 4 0 0 0 0 0 0 0 0 0
17 0 0 4 0 0 0 0 0 0 0 0 0
10 0 0 4 0 0 0 0 0 0 0 0 0
11 0 0 4 0 0 0 0 0 0 0 0 0

END PRI NT- 1 NFO
PWAT- PARML

<PLS > PWATER variable nonthly paraneter value flags ***

# - # CSNO RTOP UWZFG VCS VUZ VNN VIFWVIRC VLE INFC HW ***
16 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0 0

END PWAT- PARML
PWAT- PARM?

<PLS > PWATER i nput info: Part 2 * ok *

# - # ***FCOREST LZSN I NFI LT LSUR SLSUR KVARY
16 0 4.5 0. 03 400 0. 05 0.5
17 0 4.5 0. 03 400 0.1 0.5
10 0 4.5 0.08 400 0. 05 0.5
11 0 4.5 0. 08 400 0.1 0.5
END PWAT- PARM?

PWAT- PARMB

<PLS > PWATER i nput info: Part 3 * ok *

# - # ***PETMAX PETM N | NFEXP I NFI LD DEEPFR BASETP
16 0 0 2 2 0 0
17 0 0 2 2 0 0
10 0 0 2 2 0 0
11 0 0 2 2 0 0
END PWAT- PARMB
PWAT- PARVA4

<PLS > PWATER i nput info: Part 4 i

# - # CEPSC UZSN NSUR | NTFW | RC LZETP ***
16 0.1 0.25 0.25 6 0.5 0.25
17 0.1 0.25 0.25 6 0.5 0.25
10 0.2 0.5 0.35 6 0.5 0.7
11 0.2 0.5 0.35 6 0.5 0.7
END PWAT- PARVA
PWAT- STATEL

<PLS > *** |nitial conditions at start of sinulation

ran from 1990 to end of 1992 (pat 1-11-95) RUN 21 ***
# - # *** CEPS SURS uzs | FW5 LZS AGW\E
Vault West 11/6/2020 9:04:33 AM
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16 0 0 0 0 2.5 1 0
17 0 0 0 0 2.5 1 0
10 0 0 0 0 2.5 1 0
11 0 0 0 0 2.5 1 0
END PWAT- STATE1
END PERLND
| MPLND
CEN- | NFO
<PLS ><------- Nanme------- > Unit-systens Printer ***
# - # User t-series Engl Metr ***
in out ol
1 ROADS/ FLAT 1 1 1 27 0
2 ROADS/ MOD 1 1 1 27 0
4 ROOF TOPS/ FLAT 1 1 1 27 0
8 S| DEWALKS/ FLAT 1 1 1 27 0
9 S| DEWALKS/ MOD 1 1 1 27 0

END GEN- I NFO
*** Section | WATER***

ACTIMI TY

<PLS S kxkkkkkkhkhkkkk ok ACtIVG SeCtI ons Rk b ok b S Rk S Sk b o b S R

# - # ATMP SNOWIWAT SLD |WG | QAL ol

1 0 0 1 0 0 0
2 0 0 1 0 0 0
4 0 0 1 0 0 0
8 0 0 1 0 0 0
9 0 0 1 0 0 0
END ACTIVITY
PRI NT- | NFO

<ILS > xxxxxxxx print-flags ******** P|VL PYR
# - # ATMP SNOWIWAT SLD WG | QAL ******xxx

1 0 0 4 0 0 0 1 9
2 0 0 4 0 0 0 1 9
4 0 0 4 0 0 0 1 9
8 0 0 4 0 0 0 1 9
9 0 0 4 0 0 0 1 9
END PRI NT- | NFO
| WAT- PARML
<PLS > |WATER vari able nmonthly paraneter value flags ***
# - # CSNO RTOP VRS VNN RTLI * kK
1 0 0 0 0 0
2 0 0 0 0 0
4 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
END | WAT- PARML
| WAT- PARM2
<PLS > | WATER i nput info: Part 2 *k K
# - # *** LSUR SLSUR NSUR RETSC
1 400 0.01 0.1 0.1
2 400 0. 05 0.1 0. 08
4 400 0.01 0.1 0.1
8 400 0.01 0.1 0.1
9 400 0. 05 0.1 0. 08
END | WAT- PARM
| WAT- PARMB
<PLS > | WATER i nput info: Part 3 * ok *
# - # ***PETMAX PETM N
1 0 0
2 0 0
4 0 0
8 0 0
9 0 0

END | WAT- PARVB
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| WAT- STATE1
<PLS > *** |nitial conditions at start of sinulation

# - # *** RETS SURS

1 0 0

2 0 0

4 0 0

8 0 0

9 0 0

END | WAT- STATE1

END | MPLND
SCHEMATI C
<- Sour ce- > <--Area--> <-Target -> MBLK  ***
<Name> # <-factor-> <Name> # Thl # *kx
V\ést***
PERLND 16 0. 685 RCHRES 2 2
PERLND 16 0. 685 RCHRES 2 3
PERLND 17 0.474 RCHRES 2 2
PERLND 17 0.474 RCHRES 2 3
| MPLND 1 0. 504 RCHRES 2 5
| MPLND 2 0.412 RCHRES 2 5
| MPLND 4 1. 094 RCHRES 2 5
| MPLND 8 0.136 RCHRES 2 5
I MPLND 9 0.09 RCHRES 2 5
Ofsite North***
PERLND 16 0. 481 RCHRES 2 2
PERLND 16 0. 481 RCHRES 2 3
| MPLND 1 0. 187 RCHRES 2 5
| MPLND 8 0. 258 RCHRES 2 5
East ***
PERLND 10 0. 379 RCHRES 1 2
PERLND 10 0. 379 RCHRES 1 3
PERLND 16 1.977 RCHRES 1 2
PERLND 16 1.977 RCHRES 1 3
PERLND 17 1.12 RCHRES 1 2
PERLND 17 1.12 RCHRES 1 3
| MPLND 1 0.918 RCHRES 1 5
| MPLND 2 0. 894 RCHRES 1 5
| MPLND 4 3.954 RCHRES 1 5
| MPLND 8 0. 298 RCHRES 1 5
| MPLND 9 0. 298 RCHRES 1 5
Sout hwest Bypass***
PERLND 16 0. 029 COPY 501 12
PERLND 16 0. 029 COPY 601 12
PERLND 16 0. 029 CoPY 501 13
PERLND 16 0. 029 COPY 601 13
PERLND 17 0. 019 CoPY 501 12
PERLND 17 0. 019 CoOPY 601 12
PERLND 17 0. 019 COPY 501 13
PERLND 17 0. 019 COPY 601 13
I MPLND 1 0. 07 CoPY 501 15
| MPLND 1 0. 07 COPY 601 15
| MPLND 2 0. 047 CoPY 501 15
| MPLND 2 0. 047 CoPY 601 15
| MPLND 8 0. 016 COPY 501 15
| MPLND 8 0. 016 CoOPY 601 15
East Downstreant**
PERLND 10 0.3 CoOPY 502 12
PERLND 10 0.3 COPY 602 12
PERLND 10 0.3 CoPY 502 13
PERLND 10 0.3 COPY 602 13
PERLND 11 6. 66 CoPY 502 12
PERLND 11 6. 66 CoPY 602 12
PERLND 11 6. 66 CoOPY 502 13
PERLND 11 6. 66 COPY 602 13
I MPLND 1 0.613 CoPY 502 15
I MPLND 1 0. 613 COPY 602 15
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******Routi ng******

PERLND 16 0. 685 corY 1 12

PERLND 17 0.474 corY 1 12

IMPLND 1 0. 504 cory 1 15

| MPLND 2 0. 412 corY 1 15

| MPLND 4 1.094 corY 1 15

IMPLND 8 0. 136 cory 1 15

IMPLND 9 0. 09 corY 1 15

PERLND 16 0. 685 corY 1 13

PERLND 17 0.474 COPY 1 13

PERLND 16 0. 481 corY 1 12

IMPLND 1 0.187 corY 1 15

IMPLND 8 0. 258 cory 1 15

PERLND 16 0. 481 corY 1 13

PERLND 10 0. 379 corY 2 12

PERLND 16 1.977 COoPY 2 12

PERLND 17 1.12 corY 2 12

IMPLND 1 0.918 corY 2 15

| MPLND 2 0. 894 cory 2 15

| MPLND 4 3.954 corY 2 15

| MPLND 8 0.298 corY 2 15

IMPLND 9 0.298 cory 2 15

PERLND 10 0. 379 corY 2 13

PERLND 16 1.977 corY 2 13

PERLND 17 1.12 COoPY 2 13

RCHRES 2 1 CoPY 501 16

RCHRES 1 1 CoPY 502 16

END SCHEMATI C

NETWORK

<-Vol une-> <- G p> <-Menber-><--Milt-->Tran <-Target vol s> <-G p> <-Menber-> ***
<Name> # <Nanme> # #<-factor->strg <Name> # # <Name> # # ***
COPY 502 QUTPUT MEAN 1 1 48.4 DI SPLY 2 I NPUT Tl MSER 1
COoPY 501 QUTPUT MEAN 11 48. 4 DI SPLY 1 I NPUT Tl MSER 1

<-Vol ume-> <-G p> <-Menber-><--Milt-->Tran <-Target vols> <-G p> <-Menber-> ***

<Nane> # <Nanme> # #<-factor->strg <Name> # # <Nanme> # # ***
END NETWORK
RCHRES
CEN- | NFO
RCHRES Nare Nexits Unit Systens Printer i
# - B< e ><---> User T-series Engl Metr LKFG * ok *
in out il
1 Vault 2 1 1 1 1 28 0 1
2 Vault 1 1 1 1 1 28 0 1

END GEN- I NFO
*** Section RCHRES***

ACTIMI TY

<PLS S kxkkkkkkhkhkkkk ok ACthe SeCtI ons Rk b ok S Rk S Sk b o b S R

# - # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***

1 1 0 0 0 0 0 0 0 0 0
2 1 0 0 0 0 0 0 0 0 0
END ACTI VI TY
PRI NT- | NFO

<PLS > BRI b b b I I I Prl nt_fl ags EE I b b b I I I I PI VL PYR
# - # HYDR ADCA CONS HEAT SED GQL OXRX NUTR PLNK PHCB PIVL PYR **x#*##*xx

1 4 0 0 0 0 0 0 0 0 0 1 9
2 4 0 0 0 0 0 0 0 0 0 1 9
END PRI NT- 1 NFO
HYDR- PARML
RCHRES Flags for each HYDR Section *ok
# - # VC AL A2 A3 ODFVFG for each *** ODGIFG for each FUNCT for each
FG FG FG FG possible exit *** possible exit possible exit
* * * * * * * * * * * * * * * % %
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1 0 1 0 O 4 0 0 0 O 0 0 0 0 O 2 2 2 2 2
2 0 1 0 O 4 0 0 0 O 0O 0 0 0 O 2 2 2 2 2
END HYDR- PARML
HYDR- PARM?
# - # FTABNO LEN DELTH STCOR KS DB50 *oxk
<------ S<o oo S<o oo S<o oo S<o oo S<o oo S<o oo > *kk
1 1 0. 03 0.0 0.0 0.5 0.0
2 2 0. 02 0.0 0.0 0.5 0.0
END HYDR- PARM2
HYDR- I NI T
RCHRES Initial conditions for each HYDR section *oxk
# - H VOL Initial value of COLI ND Initial value of OUTDGT
*** ac-ft for each possible exit for each possible exit
<-mm - - - S><ammmm - > L IR R I S T T R SR S S
1 0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0 4,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
END HYDR-INI T
END RCHRES
SPEC- ACTI ONS
END SPEC- ACTI ONS
FTABLES
FTABLE 2
92 4
Dept h Area Volume CQutflowl Velocity Travel Time***
(ft) (acres) (acre-ft) (cfs) (ft/sec) (M nut es) ***
0. 000000 0.103857 0.000000 0.000000
0.071111 0.103857 0.007385 0.035626
0. 142222 0.103857 0.014771 0.050382
0.213333 0.103857 0.022156 0.061706
0.284444 0.103857 0.029541 0.071251
0. 355556 0.103857 0.036927 0.079662
0.426667 0.103857 0.044312 0.087265
0.497778 0.103857 0.051698 0.094257
0.568889 0.103857 0.059083 0.100765
0. 640000 0.103857 0.066468 0.106877
0.711111 0.103857 0.073854 0.112658
0.782222 0.103857 0.081239 0.118157
0. 853333 0.103857 0.088624 0.123411
0.924444 0.103857 0.096010 0.128450
0. 995556 0.103857 0.103395 0.133299
1. 066667 0.103857 0.110781 0.137978
1.137778 0.103857 0.118166 0.142503
1.208889 0.103857 0.125551 0.146889
1.280000 0.103857 0.132937 0.151147
1.351111 0.103857 0.140322 0.155289
1.422222 0.103857 0.147707 0.159323
1.493333 0.103857 0.155093 0.163258
1.564444 0.103857 0.162478 0.167099
1. 635556 0.103857 0.169863 0.170855
1. 706667 0.103857 0.177249 0.174530
1.777778 0.103857 0.184634 0.178129
1.848889 0.103857 0.192020 0.181656
1. 920000 0.103857 0.199405 0.185117
1.991111 0.103857 0.206790 0.188514
2.062222 0.103857 0.214176 0.191850
2.133333 0.103857 0.221561 0.195130
2.204444 0.103857 0.228946 0.198356
2.275556 0.103857 0.236332 0.201530
2.346667 0.103857 0.243717 0.204654
2.417778 0.103857 0.251103 0.207732
2.488889 0.103857 0.258488 0.210765
2.560000 0.103857 0.265873 0.213754
2.631111 0.103857 0.273259 0.216703
2.702222 0.103857 0.280644 0.219612
2.773333 0.103857 0.288029 0.222483
2.844444 0.103857 0.295415 0.225317
2.915556 0.103857 0.302800 0.228116
2.986667 0.103857 0.310185 0.230881
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. 057778
. 128889
. 200000
.271111
. 342222
. 413333
. 484444
. 555556
. 626667
. 697778
. 768889
. 840000
.911111
. 982222
. 053333
. 124444
. 195556
. 266667
. 337778
. 408889
. 480000
. 551111
. 622222
. 693333
. 764444
. 835556
. 906667
. 977778
. 048889
. 120000
.191111
. 262222
. 333333
. 404444
. 475556
. 546667
. 617778
. 688889
. 760000
. 831111
. 902222
. 973333
. 044444
. 115556
. 186667
. 257778
. 328889
. 400000
.471111
END FTABLE
FTABLE
92 4
Dept h
(ft)
. 000000
. 144444
. 288889
. 433333
. 577778
. 722222
. 866667
. 011111
. 155556
. 300000
. 444444
. 588889
. 733333
. 877778
. 022222
. 166667

OO0 UTIUNOITOIUIOIOTIUIOITOICIVIONABRDIABAMDIADIMDINDMDIMDIADRNDRDNOWLOWWWWWWWWWWWW

NNRFRPRPRPRPPRPPRPPRPOOOCOOOO

Vault West

[eleololololololololololololololololololololololololololololololololololololololololololololololol o)

[eoleololojololololololololololoXe]

. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857
. 103857

(

2
1

Area
acres)
300826

. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826
. 300826

C 0000000000000 00000000000000000000000000000000000

. 317571
. 324956

332342
339727
347112
354498
361883
369268
376654
384039
391425
398810
406195
413581
420966
428351
435737
443122
450507
457893
465278
472664
480049
487434
494820
502205
509590
516976
524361
531747
539132
546517
553903
561288
568673
576059
583444
590830
598215
605600
612986
620371
627756
635142
642527
649912

. 657298
. 664683
. 672069

Vol une

(acre-ft)

0000000000000 00

. 000000
. 043453
. 086905

130358
173811
217264
260716
304169
347622
391074
434527
477980
521433

. 564885
. 608338
. 651791

. 233614
. 236314
. 238985
. 278260
. 296047
. 310275
. 322649
. 333830
. 344155
. 353827
. 362978
. 371699
. 380057
. 388102
. 395875
. 403406
. 410721
. 424848
. 434857
. 443969
. 452558
. 460773
. 468692
. 476366
. 483829
. 491105
. 498214
. 505172
. 511991
. 518682
. 525255
. 531716
. 538074
. 544333
. 550500
. 556579
. 562575
. 568492
. 574334
. 580103
. 587471
. 907131
. 465997
. 168809
. 957451
. 774363
. 560981
. 263071
. 839399

(U E-NNSE IV Dl eleleolololololololololololololololololololololololololololololololololololololol ol o)

Qutflowl Velocity Travel Time***
(cfs) (ft/sec) (M nut es) ***
. 000000

. 036259

. 051277

. 062802

. 072517

. 081077

. 088815

. 095931

. 102555

. 108776

. 114660

. 120256

. 125604

. 130732

. 135667

. 140429

[eoleololojololololololololololoXe]
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.311111
. 455556
. 600000
. 744444
. 888889
. 033333
177778
. 322222
. 466667
. 611111
. 755556
. 900000
. 044444
. 188889
. 333333
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. 7166667
. 911111
. 055556
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. 366667
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. 800000
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10. 25556
10. 40000
10. 54444
10. 68889
10. 83333
10. 97778
11. 12222
11. 26667
11. 41111
11. 55556
11. 70000
11. 84444
11. 98889
12. 13333
12. 27778
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. 695243
. 738696

782149
825601
869054
912507
955960
999412
042865
086318
129770
173223
216676
260129
303581
347034
390487
433939
477392
520845
564298
607750
651203
694656
738108
781561
825014
868466
911919
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. 302994
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. 153832
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. 387961
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12. 42222 0.300826 3.736933 0.511427

12.56667 0.300826 3.780386 0.789308

12.71111 0.300826 3.823838 2.039371

12. 85556 0.300826 3.867291 3.659671

13. 00000 0.300826 3.910744 5.167031

13. 14444 0.300826 3.954197 6.181395

END FTABLE 1
END FTABLES
EXT SOURCES
<-Vol une- > <Menber > SsysSgap<--Milt-->Tran <-Target vol s> <-G p> <-Menber-> ***
<Nane> # <Nanme> # tem strg<-factor->strg <Name> # # <Nanme> # # ***
VWDM 2 PREC ENGL 1.2 PERLND 1 999 EXTNL PREC
WDM 2 PREC ENGL 1.2 | M\LND 1 999 EXTNL PREC
VDM 1 EVAP ENGL 0.76 PERLND 1 999 EXTNL PETI NP
VDM 1 EVAP ENGL 0.76 | MPLND 1 999 EXTNL PETI NP
END EXT SOURCES
EXT TARCETS
<-Vol une-> <- @ p> <-Menber-><--Milt-->Tran <-Vol une-> <Menber> Tsys Tgap And ***
<Name> # <Nanme> # #<-factor->strg <Name> # <Nanme> temstrg strg***
RCHRES 2 HYDR RO 11 1 WM 1000 FLOW ENGL REPL
RCHRES 2 HYDR STAGE 11 1 WM 1001 STAG ENGL REPL
CcoPY 1 QUTPUT MEAN 1 1 48. 4 VWDM 701 FLOW ENGL REPL
COPY 501 QUTPUT MEAN 1 1 48. 4 WDM 801 FLOW ENGL REPL
COPY 601 QUTPUT MEAN 1 1 48. 4 VDM 901 FLOW ENGL REPL
CcoPY 2 QUTPUT MEAN 1 1 48. 4 VWDM 702 FLOW ENGL REPL
COPY 502 QUTPUT MEAN 1 1 48. 4 WDM 802 FLOW ENGL REPL
COPY 602 QUTPUT MEAN 1 1 48. 4 VDM 902 FLOW ENGL REPL
RCHRES 1 HYDR RO 11 1 WM 1002 FLOW ENGL REPL
RCHRES 1 HYDR STAGE 11 1 WOM 1003 STAG ENGL REPL
END EXT TARCETS
MASS- LI NK
<Vol une> <-G p> <-Menber-><--Mult--> <Tar get > <- G p> <- Menber->***
<Name> <Nanme> # #<-factor-> <Name> <Name> # #***

MASS- LI NK 2
PERLND PWATER SURO 0. 083333 RCHRES I NFLOW | VOL

END MASS- LI NK 2

MASS- LI NK 3
PERLND PWATER | FWO 0. 083333 RCHRES I NFLOW | VOL

END MASS- LI NK 3

MASS- LI NK 5
| MPLND | WATER SURO 0. 083333 RCHRES I NFLOW | VOL

END MASS- LI NK 5

MASS- LI NK 12
PERLND PWATER SURO 0. 083333 coPY | NPUT MEAN

END MASS-LINK 12

MASS- LI NK 13
PERLND PWATER | FWO 0. 083333 CoPY I NPUT MEAN

END MASS-LINK 13

MASS- LI NK 15
| MPLND | WATER SURO 0. 083333 CoPY I NPUT MEAN

END MASS-LINK 15

MASS- LI NK 16
RCHRES ROFLOW coPY I NPUT MEAN

END MASS-LINK 16

END MASS- LI NK
END RUN
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Predeveloped HSPF Message File
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Mitigated HSPF Message File
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Disclaimer

Legal Notice

This program and accompanying documentation are provided 'as-is' without warranty of any kind. The
entire risk regarding the performance and results of this program is assumed by End User. Clear
Creek Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either
expressed or implied, including but not limited to implied warranties of program and accompanying
documentation. In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever
(including without limitation to damages for loss of business profits, loss of business information,
business interruption, and the like) arising out of the use of, or inability to use this program even

if Clear Creek Solutions Inc. or their authorized representatives have been advised of the
possibility of such damages. Software Copyright © by : Clear Creek Solutions, Inc. 2005-2020; All
Rights Reserved.

Clear Creek Solutions, Inc.
6200 Capitol Blvd. Ste F
Olympia, WA. 98501

Toll Free 1(866)943-0304
Local (360)943-0304

www.clearcreeksolutions.com
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ENGINEERED SOLUTIONS Size and Cost Estimate

Prepared by Jelena Vandenhaak on October 20, 2020

Walsh Hills East- Stormwater Treatment
Snohomish, WA

Information provided:
e Presiding agency = City of Snohomish/Ecology

Structure ID SFMH

Water Quality Flow Rate (cfs) 0.209
Peak Flow Rate (cfs) 51
Number of cartridges 8
Cartridge flow rate (gpm) 12.53
Media type PSrob
Structure size 96” Manhole
Approximate Price $34,000

Assumptions:

e Media = PSorb cartridges

e Cartridge flow rate = 12.53 gpm

e Drop required from inlet to outlet = 2.3’ minimum

Size and cost estimates:

The StormFilter is a flow-based system, and is therefore sized by calculating the peak water quality flow rate
associated with the design storm. The water quality flow rate was calculated by the consulting engineer using
WWHM and was provided to Contech Engineered Solutions LLC for the purposes of developing this estimate.

The StormFilter for this site was sized based on the above water quality flow rate. To accommodate the flow
rate and elevations for this project, Contech Engineered Solutions recommends using (8) — 18" cartridge
with PSorb mediain a 96" manhole

The estimated cost of this system is shown in the above table; this estimate includes a complete system delivered to
the job site. The final system cost will depend on the actual depth of the units and whether extras like doors rather
than castings are specified. The contractor is responsible for setting the StormFilter manhole and all external
plumbing.

Typically the StormFilter manhole has an internal bypass capacity of 1.8 cfs. Since the peak discharge is expected
not to exceed this rate, the unit can be placed online.

©2012 Contech Engineered Solutions LLC 11835 NE Glenn Widing Dr., Portland OR 97220 Page 1 of1
www.conteches.com Toll-free: 800.548.4667 Fax: 800.561.1271 TS-P027
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ENGINEERED SOLUTIONS

Project Name:

Walsh Hills East

Site Designation: Date: 10/20/20
County or Independent City: Snohomish Designer: N
State: WA

Flow Based Data:

Peak Design Flow (cfs) 0.51
Water Quality Flow (cfs) 0.209
Annual Rainfall (inches) 38

Total Drainage Area, A (ac) 9.84
Post Development Impervious Area, A, (ac) 6.36
Pervious Area, A (ac) 3.48
Flow Based Filter Sizing:

Filter Type StormFilter
Structure Type Manhole
Cartridge Height 18"
Media Type Phosphosorb
Cartridge Flow Rate, gpm/sf 1.67 gpm/sf
Cartridges Required 8
Recommended Model 96" Manhole
Maximum Water Quality Flow 0.22 cfs
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The Stormwater Managsm?%

StormFilter”

THIS PRODUCT MAY BE PROTECTED BY ONE OR HORE OF THE FOLLOWING.

5. PATENTS: 522
RELATED FOREIGN PATE}

629,5,524.576; 5,707 527; 5,985,157, 6,027,639, 6,645,045,
NTS, OR OTHER PATENTS PENDING.

STORMFILTER DESIGN NOTES

STORMFILTER TREATMENT CAPACITY IS A FUNCTION OF THE CARTRIDGE SELECTION AND THE NUMBER OF CARTRIDGES. THE STANDARD MANHOLE
STYLE IS SHOWN WITH THE MAXIMUM NUMBER OF CARTRIDGES (14). VOLUME SYSTEM IS ALSO AVAILABLE WITH MAXIMUM 14 CARTRIDGES.

296" MANHOLE STORMFILTER PEAK HYDRAULIC CAPACITY IS 1.8 CFS. IF THE SITE CONDITIONS EXCEED 1.8 CFS AN UPSTREAM BYPASS STRUCTURE IS
REQUIRED.

CARTRIDGE SELECTION

CARTRIDGE HEIGHT 27" 18" LOW DROP
RECOMMENDED HYDRAULIC DROP (H) 3.05' 2.3 1.8'

SPECIFIC FLOW RATE (gpm/sf) 2 gpm/sf [1.67* gpm/sf| 1 gpm/sf 2 gpm/sf [1.67* gpm/sf| 1 gpm/sf 2 gpm/sf [1.67* gpm/sf| 1 gpm/sf
CARTRIDGE FLOW RATE (gpm) 22.5 18.79 11.25 15 12.53 7.5 10 8.35 5

* 1.67 gpmisf SPECIFIC FLOW RATE IS APPROVED WITH PHOSPHOSORB © (PSORB) MEDIA ONLY

SITE SPECIFIC
DATA REQUIREMENTS
STRUCTURE ID -
WATER QUALITY FLOW RATE (cfs) -
PEAK FLOW RATE (cfs) -
RETURN PERIOD OF PEAK FLOW (yrs) -
= CARTRIDGE HEIGHT (27", 18", LOW DROP(LD)) -
: : NUMBER OF CARTRIDGES REQUIRED *
CARTRIDGE FLOW RATE *
N:IE‘EH S MEDIA TYPE (PERLITE, ZPG, PSORB) *
- PIPE DATA: LE. MATERIAL | DIAMETER
: ) INLET PIPE #1 * - *
INLET PIPE #2 * - -
OUTLET PIPE * - -
RIM ELEVATION HE
ANTI-FLOTATION BALLAST WIDTH HEIGHT
FRAME AND COVER NOTES/SPECIAL REQUIREMENTS:
(DIAMETER VARIES)
N.T.S. * PER ENGINEER OF RECORD

GENERAL NOTES

1. CONTECH TO PROVIDE ALL MATERIALS UNLESS NOTED OTHERWISE.

2. DIMENSIONS MARKED WITH () ARE REFERENCE DIMENSIONS. ACTUAL DIMENSIONS MAY VARY.

3. FOR SITE SPECIFIC DRAWINGS WITH DETAILED VAULT DIMENSIONS AND WEIGHTS, PLEASE CONTACT YOUR CONTECH ENGINEERED SOLUTIONS
LLC REPRESENTATIVE. www.ContechES.com

4. STORMFILTER WATER QUALITY STRUCTURE SHALL BE IN ACCORDANCE WITH ALL DESIGN DATA AND INFORMATION CONTAINED IN THIS
DRAWING.

5. STRUCTURE SHALL MEET AASHTO HS-20 LOAD RATING, ASSUMING EARTH COVER OF 0' - 5' AND GROUNDWATER ELEVATION AT, OR BELOW, THE
OUTLET PIPE INVERT ELEVATION. ENGINEER OF RECORD TO CONFIRM ACTUAL GROUNDWATER ELEVATION. CASTINGS SHALL MEET AASHTO
M306 AND BE CAST WITH THE CONTECH LOGO.

6. FILTER CARTRIDGES SHALL BE MEDIA-FILLED, PASSIVE, SIPHON ACTUATED, RADIAL FLOW, AND SELF CLEANING. RADIAL MEDIA DEPTH SHALL
BE 7-INCHES. FILTER MEDIA CONTACT TIME SHALL BE AT LEAST 38 SECONDS.

7. SPECIFIC FLOW RATE IS EQUAL TO THE FILTER TREATMENT CAPACITY (gpm) DIVIDED BY THE FILTER CONTACT SURFACE AREA (sq ft).

8. STORMFILTER STRUCTURE SHALL BE PRECAST CONCRETE CONFORMING TO ASTM C-478 AND AASHTO LOAD FACTOR DESIGN METHOD.

INSTALLATION NOTES
A. ANY SUB-BASE, BACKFILL DEPTH, AND/OR ANTI-FLOTATION PROVISIONS ARE SITE-SPECIFIC DESIGN CONSIDERATIONS AND SHALL BE
SPECIFIED BY ENGINEER OF RECORD.

B. CONTRACTOR TO PROVIDE EQUIPMENT WITH SUFFICIENT LIFTING AND REACH CAPACITY TO LIFT AND SET THE STORMFILTER STRUCTURE
(LIFTING CLUTCHES PROVIDED).

. CONTRACTOR TO INSTALL JOINT SEALANT BETWEEN ALL STRUCTURE SECTIONS AND ASSEMBLE STRUCTURE.

. CONTRACTOR TO PROVIDE, INSTALL, AND GROUT INLET PIPE(S).

. CONTRACTOR TO PROVIDE AND INSTALL CONNECTOR TO THE OUTLET RISER STUB. STORMFILTER EQUIPPED WITH A DUAL DIAMETER HDPE
OUTLET STUB AND SAND COLLAR. IF OUTLET PIPE IS LARGER THAN 8 INCHES, CONTRACTOR TO REMOVE THE 8 INCH OUTLET STUB AT MOLDED
IN CUT LINE. COUPLING BY FERNCO OR EQUAL AND PROVIDED BY CONTRACTOR.

. CONTRACTOR TO TAKE APPROPRIATE MEASURES TO PROTECT CARTRIDGES FROM CONSTRUCTION-RELATED EROSION RUNOFF.

mo o

n

C.sNTECH

ENGINEERED SOLUTIONS LLC

www.contechES.com
9025 Centre Pointe Dr., Suite 400, West Chester, OH 45069

800-338-1122 513-645-7000 513-645-7993 FAX

SFMH96
STORMFILTER
STANDARD DETAIL
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ENGINEERED SOLUTIONS Size and Cost Estimate

Prepared by Jelena Vandenhaak on October 20, 2020

Walsh Hills Frontage
Snohomish, WA

Information provided:
e Presiding agency = Snohomish, WA

Structure ID SFCB 1

Water Quality Flow Rate (cfs) 0.015
Peak Flow Rate (cfs) <10
Number of cartridges 1
Cartridge flow rate (gpm) 12.53
Media type PSorb
Structure size Steel Catch Basin
Approximate Price $7,700

Assumptions:

Media = PSorb cartridges

Cartridge flow rate = 12.53 gpm

Drop required from rim to outlet = 2.3’ minimum
Maximum rim to outlet= 4.25’

Size and cost estimates:

The StormFilter is a flow-based system, and is therefore sized by calculating the peak water quality flow rate
associated with the design storm. The water quality flow rates were calculated by the consulting engineer using
WWHM and were provided to Contech Engineered Solutions LLC for the purposes of developing this estimate.

The StormPFilters for this site were sized based on the above water quality flow rates. To accommodate these flow
rates, Contech Engineered Solutions recommends using catch basin StormFilters (see attached detail). The
estimated cost of the system is shown in the above table; and it includes a complete system delivered to the job site.
The contractor is responsible for setting the catch basin StormFilter and all external plumbing.

Typically the catch basin StormFilters have internal bypass capacities of 1.0 cfs. Since the peak discharge in the
basins is not expected to exceed this rate, a high-flow bypass upstream of the StormFilter systems is not required.

©2012 Contech Engineered Solutions LLC 11835 NE Glenn Widing Dr., Portland OR 97220 Page 1 of1
www.conteches.com Toll-free: 800.548.4667 Fax: 800.561.1271 TS-P027
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ENGINEERED SOLUTIONS

Project Name: Walsh Hills Frontage Road

Site Designation: Date: 10/20/20
County or Independent City: Snohomish Designer: N

State: WA

Flow Based Data:

Peak Design Flow (cfs) 0.22
Water Quality Flow (cfs) 0.015
Annual Rainfall (inches) 38
Total Drainage Area, A (ac) 0.18
Post Development Impervious Area, A, (ac) 0.13
Pervious Area, A (ac) 0.05

Flow Based Filter Sizing:

Filter Type StormFilter
Structure Type Catchbasin (Steel)
Cartridge Height 18"

Media Type Phosphosorb
Cartridge Flow Rate, gpm/sf 1.67 gpm/sf
Cartridges Required 1
Recommended Model SFCB1
Maximum Water Quality Flow 0.03 cfs
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SECTION A-A

The Stormwater Managem&

StormFilter®

US. PATENTS. 5.172628: 5,524
RELATED FOREIGN PATENTS, O

RE OF THE FOLLOWING
7,5.985,157- 6,021 535; 5,649 046
TS PENDING.

STORMFILTER STEEL CATCHBASIN DESIGN NOTES

STORMFILTER TREATMENT CAPACITY IS A FUNCTION OF THE CARTRIDGE SELECTION AND THE NUMBER OF CARTRIDGES. 1 CARTRIDGE CATCHBASIN
HAS A MAXIMUM OF ONE CARTRIDGE. SYSTEM IS SHOWN WITH A 27" CARTRIDGE, AND IS ALSO AVAILABLE WITH AN 18" CARTRIDGE. STORMFILTER
CATCHBASIN CONFIGURATIONS ARE AVAILABLE WITH A DRY INLET BAY FOR VECTOR CONTROL.

PEAK HYDRAULIC CAPACITY PER TABLE BELOW. IF THE SITE CONDITIONS EXCEED PEAK HYDRAULIC CAPACITY, AN UPSTREAM BYPASS STRUCTURE IS
REQUIRED.

CARTRIDGE SELECTION

CARTRIDGE HEIGHT 27" 18" 18" DEEP
RECOMMENDED HYDRAULIC DROP (H) 3.05' 2.3 3.3
SPECIFIC FLOW RATE (gpm/sf) 2 gpm/sf |1.67* gpm/sf| 1 gpm/sf 2 gpm/sf |1.67* gpm/sf| 1 gpm/sf 2 gpm/sf |1.67* gpm/sf| 1 gpm/sf
CARTRIDGE FLOW RATE (gpm) 22,5 18.79 11.25 15 12.53 7.5 15 12.53 7.5
PEAK HYDRAULIC CAPACITY 1.0 1.0 1.8
INLET PERMANENT POOL LEVEL (A) 1-0" 1'-0" 2'-0"
OVERALL STRUCTURE HEIGHT (B) 4'-9" 39" 4'-9"
* 1.67 gpm/sf SPECIFIC FLOW RATE IS APPROVED WITH PHOSPHOSORB® (PSORB) MEDIA ONLY

GENERAL NOTES

1. CONTECH TO PROVIDE ALL MATERIALS UNLESS NOTED OTHERWISE.

2. FOR SITE SPECIFIC DRAWINGS WITH DETAILED STORMFILTER CATCHBASIN STRUCTURE DIMENSIONS AND WEIGHTS, PLEASE CONTACT YOUR
CONTECH ENGINEERED SOLUTIONS LLC REPRESENTATIVE. www.contechES.com

3. STORMFILTER CATCHBASIN WATER QUALITY STRUCTURE SHALL BE IN ACCORDANCE WITH ALL DESIGN DATA AND INFORMATION CONTAINED IN
THIS DRAWING.

4. INLET SHOULD NOT BE LOWER THAN OUTLET. INLET (IF APPLICABLE) AND OUTLET PIPING TO BE SPECIFIED BY ENGINEER AND PROVIDED BY
CONTRACTOR.

5. MANUFACTURER TO APPLY A SURFACE BEAD WELD IN THE SHAPE OF THE LETTER "O" ABOVE THE OUTLET PIPE STUB ON THE EXTERIOR SURFACE
OF THE STEEL SFCB.

6. STORMFILTER CATCHBASIN EQUIPPED WITH 4 INCH (APPROXIMATE) LONG STUBS FOR INLET (IF APPLICABLE) AND OUTLET PIPING. STANDARD
OUTLET STUB IS 8 INCHES IN DIAMETER. MAXIMUM OUTLET STUB IS 15 INCHES IN DIAMETER. CONNECTION TO COLLECTION PIPING CAN BE MADE
USING FLEXIBLE COUPLING BY CONTRACTOR.

7. STEEL STRUCTURE TO BE MANUFACTURED OF 1/4 INCH STEEL PLATE. CASTINGS SHALL MEET AASHTO M306 LOAD RATING. TO MEET HS20 LOAD
RATING ON STRUCTURE, A CONCRETE COLLAR IS REQUIRED. WHEN REQUIRED, CONCRETE COLLAR WITH #4 REINFORCING BARS TO BE PROVIDED
BY CONTRACTOR.

8. FILTER CARTRIDGES SHALL BE MEDIA-FILLED, PASSIVE, SIPHON ACTUATED, RADIAL FLOW, AND SELF CLEANING. RADIAL MEDIA DEPTH SHALL BE
7-INCHES. FILTER MEDIA CONTACT TIME SHALL BE AT LEAST 38 SECONDS.

9. SPECIFIC FLOW RATE IS EQUAL TO THE FILTER TREATMENT CAPACITY (gpm) DIVIDED BY THE FILTER CONTACT SURFACE AREA (sq ft).

INSTALLATION NOTES

A. ANY SUB-BASE, BACKFILL DEPTH, AND/OR ANTI-FLOTATION PROVISIONS ARE SITE-SPECIFIC DESIGN CONSIDERATIONS AND SHALL BE SPECIFIED BY
ENGINEER OF RECORD.

B. CONTRACTOR TO PROVIDE EQUIPMENT WITH SUFFICIENT LIFTING AND REACH CAPACITY TO LIFT AND SET THE CATCHBASIN (LIFTING CLUTCHES
PROVIDED).

C. CONTRACTOR TO TAKE APPROPRIATE MEASURES TO PROTECT CARTRIDGES FROM CONSTRUCTION-RELATED EROSION RUNOFF.

FLOATABLES 1-CARTRIDGE CATCHBASIN
BAFFLE STORMFILTER DATA
PERMANENT '(-T'f(TP'NgFE;;E STRUCTURE ID XXX
POOL ELEVATION ' WATER QUALITY FLOW RATE (cfs) XXX
FINISHED GRADE | PEAK FLOW RATE (<1 cfs) XXX
E T i s RETURN PERIOD OF PEAK FLOW (yrs) XXX
T < ? CARTRIDGE HEIGHT (27", 18", 18" DEEP) XX
i CARTRIDGE FLOW RATE (gpm) XX
N WEIR WALL MEDIA TYPE (PERLITE, ZPG, PSORB) XXXXX
N . T RIM ELEVATION XXXXX
FILTRATIONBAY | . 5" PIPE DATA: I.E. |DIAMETER
INLET [ N ] Low INLET STUB XXXXK | XX
OUTLET STUB XXXXX | XX

/
> : o CONFIGURATION
NLET STUE f \ \ OUTLET OUTLET
M M
(OPTIONAL) OUTLET STUB INLET INLET

OUTLET PIPE INLET INLET
FROM FLOWKIT
SLOPED LID YES\NO
. 20" | \ CATCHBASIN FOOT SOLID COVER YES\NO
INSIDE (TYP. OF 4) NOTES/SPECIAL REQUIREMENTS:

- 20
OUTSIDE

SECTION B-B

Sl ®
4

1 CARTRIDGE CATCHBASIN

ENGINEERED SOLUTIONS LLC STORMFILTER
www.contechES.com
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800-526-3999 513-645-7000 513-645-7993 FAX
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Table V-4.5.2(3) Maintenance Standards - Closed Detention Systems

(Tanks/Vaults)

Results Expec-

Maintenance Conditions When Maintenance is ted When
Defect .
Component Needed Maintenance
is Performed
Plugged Air Qne-half of the crosg section of a \{ent Vents open and
is blocked at any point or the vent is .
Vents functioning.
damaged.
Accumulated sediment depth exceeds
10% of the diameter of the storage area
for 1/2 length of storage vaultorany  |a|| sediment
Debris and Sed- |Point depth exceeds 15% of diameter. (3nd debris
iment removed from

Storage Area

(Example: 72-inch storage tank would
require cleaning when sediment
reaches depth of 7 inches for more than
1/2 length of tank.)

storage area.

Any openings or voids allowing mater- [All joint
Joints Between i) to pe transported into facility. between
Tank/Pipe Sec- tank/pipe sec-
tion (Will require engineering analysisto  |tions are

determine structural stability). sealed.

Any part of tank/pipe is bent out of Tank/pipe
Tank Pipe Bent [shape more than 10% of its design repaired or
Out of Shape shape. (Review required by engineer to|replaced to

determine structural stability). design.

Vault Structure
Includes Cracks
in Wall, Bottom,
Damage to

Cracks wider than 1/2-inch and any
evidence of soil particles entering the
structure through the cracks, or main-
tenance/inspection personnel determ-
ines that the vault is not structurally
sound.

Vault replaced
or repaired to
design spe-
cifications and
is structurally
sound.

No cracks more

Frame and/or  |Cracks wider than 1/2-inch at the joint :
Tob Slab : . ) than 1/4-inch
P of any inlet/outlet pipe or any evidence | . -
; . . wide at the joint
of soil particles entering the vault .
of the inlet/out-
through the walls. .
let pipe.
Manhole Cover Notin Cover is missing or only partlallly in Manhole is
place. Any open manhole requires
Place closed.

maintenance.
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Table V-4.5.2(3) Maintenance Standards - Closed Detention Systems
(Tanks/Vaults) (continued)

Results Expec-

Maintenance Conditions When Maintenance is ted When
Defect :
Component Needed Maintenance
is Performed
Mechanism cannot be opened by one
Locking Mech- |maintenance person with proper tools. [Mechanism
anism Not Work- |Bolts into frame have less than 1/2 inch [opens with

ing

of thread (may not apply to self-locking
lids).

proper tools.

One maintenance person cannot

Cover can be
removed and

Cover Difficult to [remove lid after applying normal lifting |reinstalled by
Remove pressure. Intent is to keep cover from |one main-
sealing off access to maintenance. tenance per-
son.
Ladder meets
Ladder is unsafe due to missing rungs, design stand-
Ladder Rungs o ards. Allows
misalignment, not securely attached to .
Unsafe maintenance

structure wall, rust, or cracks.

person safe
access.

Catch Basins

See "Catch Bas-
ins" (No. 5)

See "Catch Basins" (No. 5).

See "Catch

Basins" (No. 5).

Table V-4.5.2(4) Maintenance Standards - Control Structure/Flow

Restrictor
Maintenance Defect Condition When Main- Results Expected When
Component tenance is Needed Maintenance is Performed
'Igreabsrliﬁsand Material exceeds 25% of  |Control structure orifice is not
(Includes sump depth or 1 foot below |blocked. All trash and debris
Sediment) orifice plate. removed.
General Structure is not securely Structure securely attached to
attached to manhole wall. |wall and outlet pipe.
Structural Structure is notin upright  |Structure in correct position.
e o
Damage frgzt'ﬂzrfqagl)ow up to 10% Connections to outlet pipe are
P ' water tight; structure repaired
Connections to outlet pipe |or replaced and works as
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Table V-4.5.2(4) Maintenance Standards - Control Structure/Flow
Restrictor (continued)

Maintenance

Condition When Main-

Results Expected When

Component DR tenance is Needed Maintenance is Performed
are not watertight and show
signs of rust. designed.
Any holes - other than Structure has no holes other
designed holes - in the than designed holes.
structure.
C?Ieanogt g?te.ls not water- Gate is watertight and works
tight or is missing. .
as designed.
Gate cannot be moved up
: Gate moves up and down eas-
and down by one main- . . .
Cleanout  [Damaged or |tenance person. ily and is watertight.
Gate Missing inis i
Chain/rod leading to gate is Ch?'” 's in place and works as
. designed.
missing or damaged.
Gate is rusted over 50% of Gate is rgpalred or replaced to
. meet design standards.
its surface area.
Control device is not work-
Damaged or |ing properly due to missing, [Plate is in place and works as
Orifice Plate [Missing out of place, or bent orifice |designed.
plate.
, Any trash,.debns, sgdlment, Plate is free of all obstructions
Obstructions |or vegetation blocking the .
and works as designed.
plate.
Overflow , Any tragh or debris b]ockmg Pipe is free of all obstructions
. Obstructions |(or having the potential of .
Pipe ) . and works as designed.
blocking) the overflow pipe.
See "Closed
Manhole Detention  |See "Closed Detention Sys{See "Closed Detention Sys-
Systems" tems" (No. 3). tems" (No. 3).
(No. 3).
See "Catch
Catch Basin [Basins" (No. [See "Catch Basins" (No. 5).|See "Catch Basins" (No. 5).
5).
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Table V-4.5.2(5) Maintenance Standards - Catch Basins

Results
Maintenance Conditions When Maintenance is Expectet_:l
Defect When Main-
Component Needed .
tenance is
performed
No Trash or
debris loc-
Trash or debris which is located imme- ated imme-
diately in front of the catch basin opening or (gjately in
is blocking inletting capacity of the basin by |front of catch
more than 10%. basin or on
Trash or debris (in the basin) that exceeds grate open-
60 percent of the sump depth as measured |'N9-
from the bottom of basin to invert of the low- |No trash or
est pipe into or out of the basin, butinno  |depris in the
Trash & case less than a minimum of six inches catch basin.
Debris clearance from the debris surface to the
invert of the lowest pipe. Inlet and out-
let pipes free
Trash or debris in any inlet or outlet pipe of trash or
blocking more than 1/3 of its height. debris.
G Dead animals or vegetation that could gen- |No dead
eneral :
erate odors that could cause complaints or |3nimals or
dangerous gases (e.g., methane). vegetation
present
within the
catch basin.
Sediment (in the basin) that exceeds 60 per-
cent of the sump depth as measured from
the bottom of basin to invert of the lowest _
pipe into or out of the basin, butin no case |NO sediment
Sediment less than a minimum of 6 inches clearance [N the catch
from the sediment surface to the invert of the[P@sin
lowest pipe.
Structure Top slab has holes larger than 2 square Topslabiis
Damageto |inches or cracks wider than 1/4 inch. (Intent |Te€ Of holes
Frame and/or |is to make sure no material is running into and cracks.
Top Slab basin). Frame is sit-
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Table V-4.5.2(5) Maintenance Standards - Catch Basins (continued)

Results
Maintenance Conditions When Maintenance is Expectefl
Defect When Main-
Component Needed .
tenance is
performed
Frame not sitting flush on top slab, i.e., sep- Ilhnegr]ic'suesrhri(r)mns
aration of more than 3/4 inch of the frame 9
or top slab
from the top slab. Frame not securely
attached and firmly
attached.
Basin
Maintenance person judges that structure is |replaced or
unsound. repaired to

Fractures or

design stand-

Cracks in Grout fillet has separated or cracked wider ards
Basin Walls/ [than 1/2 inch and longer than 1 foot at the '
Bottom joint of any inlet/outlet pipe or any evidence [Pipe is
of soil particles entering catch basin through|regrouted
cracks. and secure at
basin wall.
Basin
Settlement/  [If failure of basin has created a safety, func- replqced or
repaired to

Misalignment

tion, or design problem.

design stand-
ards.

No veget-
Vegetation growing across and blocking iar;uog belzf:_
more than 10% of the basin opening. g opening
, to basin.
Vegetation  |vegetation growing in inlet/outlet pipe joints
. g No veget-
that is more than six inches tall and less )
o ation or root
than six inches apart.
growth
present.
Contamlngtlon See "Detention Ponds" (No. 1). No pollution
and Pollution present.
Cover Notin Cover is missing orpnly pqnlally in place. |Catch .basm
Catch Basin |Place Any open catch basin requires main- coveris
C?)vcer asin tenance. closed
Locking Mech-|Mechanism cannot be opened by one main-|Mechanism
anism Not tenance person with proper tools. Bolts into [opens with
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Table V-4.5.2(5) Maintenance Standards - Catch Basins (continued)

Results
Maintenance Conditions When Maintenance is Expectet_:l
Defect When Main-
Component Needed .
tenance is
performed
Working frame have less than 1/2 inch of thread. proper tools.
One maintenance person cannot remove lid |[COVver can be
Cover Difficult [after applying normal lifting pressure. removed by
one main-
to Remove  |(ntent is keep cover from sealing off access tenance per-
to maintenance.) son.
Ladder meets
design stand-
Ladder is unsafe due to missing rungs, not |ards and
Ladder Rungs : . .
Ladder securely attached to basin wall, mis- allows main-
Unsafe .
alignment, rust, cracks, or sharp edges. tenance per-
son safe
access.
Grate open-
Grate opening ing meets

Metal Grates
(If Applic-
able)

Unsafe

Grate with opening wider than 7/8 inch.

design stand-
ards.

Trash and

Trash and debris that is blocking more than

Grate free of

, o . . . trash and
Debris 20% of grate surface inletting capacity. debris.
Grate is in
Damaged or |Grate missing or broken member(s) of the |place and
Missing. grate. meets design
standards.

Table V-4.5.2(6) Maintenance Standards - Debris Barriers (e.g., Trash

Racks)

Maintenance
Com-

Defect

Condition When Maintenance is

Results Expected
When Maintenance is

ponents NEEELE Performed
Trash and Trash or debrtljs thatis plugglng . |Barrier cleared to design
General , more than 20% of the openings in .
Debris . flow capacity.
the barrier.
Metal Damaged/ |Bars are bent out of shape more  [Bars in place with no
eta Missing  [than 3 inches. bends more than 3/4
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Table V-4.5.2(6) Maintenance Standards - Debris Barriers (e.g., Trash

Racks) (continued)

Maintenance
Com-
ponents

Defect

Condition When Maintenance is

Resul

Needed

When Maintenance is
Performed

ts Expected

Bars are missing or entire barrier

inch.

Bars in place according

missing.
to design.
Bars. Bars are loose and rust is causing _
50% deterioration to any part of bar-Barrier replaced or
rier. repaired to design stand-
ards.
Inlet/Outlet [Debris barrier missing or not Barrier firmly attached to
Pipe attached to pipe pipe

Table V-4.5.2(7) Maintenance Standards - Energy Dissipaters

Maintenance

Conditions When Maintenance is

Results Expec-
ted When Main-

Components G Needed tenance is
Performed
External:
. . Rock pad
Missing or |Only one layer of rock exists above nat{
. . replaced to
Moved ive soil in area five square feet or lar- .
. . design stand-
Rock ger, or any exposure of native soil.
Rock Pad ards.
Rock pad
Erosion Soil erosion in or adjacent to rock pad. repl_aced to
design stand-
ards.
Pipe Pipe cleaned/-
Plugged Accumulated sediment that exceeds |flushed so that
with Sed- |20% of the design depth. it matches
iment design.
Not Dis- Visual evidence of.water discharging Trench
: : : at concentrated points along trench :
Dispersion Trench|charging A i redesigned or
(normal condition is a "sheet flow" of .
Water Prop- . rebuilt to stand-
water along trench). Intent is to prevent
erly . ards.
erosion damage.
Perforations|Over 1/2 of perforations in pipe are Perforated pipe
: . . cleaned or
Plugged. |plugged with debris and sediment.
replaced.
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Table V-4.5.2(7) Maintenance Standards - Energy Dissipaters

(continued)

Maintenance

Defect

Conditions When Maintenance is

Results Expec-
ted When Main-

Components Needed tenance is
Performed
Water .
Maintenance person observes or
Flows Out . . - ,
«~:__|receives credible report of water flow- |Facility rebuilt
Top of "Dis-|. . .
tributor” ing out during any storm less than the |or redesigned
Catch design storm or its causing or appears |to standards.
. likely to cause damage.
Basin.
Receiving [Water in receiving area is causing or
. . : No danger of
Area Over- |has potential of causing landslide prob- .
landslides.
Saturated |lems.
Internal:
Worn or Structure dissipating flow deteriorates
Damaged . : Structure
to 1/2 of original size or any con-
Post, trated ¢ di replaced to
Manhole/Chamber|gaffies centrate worn.spo exceeding one design stand-
. ' square foot which would make struc-
Side of ards.
ture unsound.
Chamber
Other " o See "Catch Bast
Defects See "Catch Basins" (No. 5). ins" (No. 5).
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Table V-4.5.2(11) Maintenance Standards - Wetponds (continued)

Maintenance Con.dltlon Whe?n Results Expected When Main-
Defect Maintenance is .
Component tenance is Performed
Needed
berm.
Rock is missing and
ngrﬂow soil 'TQ' exposed at T[Op Rocks replaced to specifications.
Spillway of spillway or outside
slope.

Table V-4.5.2(12) Maintenance Standards - Wetvaults

Maintenance

Condition When Main-

Results Expected When Main-

Component DTS tenance is Needed tenance is Performed
Trash and debris accu-
Trash/Debris mulated in vault, pipe or Remove trash and debris from

General

Accumulation

inlet/outlet (includes float-
ables and non-float-
ables).

vault.

Sediment accumulation

Sediment .
.__|in vault bottom exceeds .

Accumulation . Remove sediment from vault.
. the depth of the sediment
in Vault .

zone plus 6-inches.

Inlet/outlet piping dam-
Damaged PIPINg : . .
Pipes aged or broken and in Pipe repaired and/or replaced.

need of repair.

Access Cover

Damaged/Not
Working

Cover cannot be opened
or removed, especially by,
one person.

Pipe repaired or replaced to
proper working specifications.

Ventilation area blocked

Blocking material removed or
cleared from ventilation area. A
specified % of the vault surface

Ventilation . .
or plugged. area must provide ventilation to

the vault interior (see design spe-
cifications).

Vault Struc-  |Maintenance/inspection |Vault replaced or repairs made

ture Damage |personnel determine that [so that vault meets design spe-

-Includes  |the vault s not struc- cifications and is structurally

Cracks in turally sound. sound.

Walls Bottom, )

Damage to Cracks wider than 1/2-  |Vault repaired so that no cracks
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Table V-4.5.2(12) Maintenance Standards - Wetvaults (continued)

Maintenance
Component

Defect

Condition When Main-
tenance is Needed

Results Expected When Main-
tenance is Performed

Frame and/or

inch at the joint of any
inlet/outlet pipe or evid-
ence of soil particles

exist wider than 1/4-inch at the

Top Slab entering through the joint of the inlet/outlet pipe.

cracks.

Baffles corroding, crack-

Ing, warping a'nd/or ShoW'Bafﬂes repaired or replaced to
Baffles ing signs of failure as . .

: : specifications.

determined by main-

tenance/inspection staff.

Ladder is corroded or Ladder replaced or repaired to

deteriorated, not func- specifications, and is safe to use

tioning properly, not as determined by inspection per-
Access Lad- |attached to structure wall,|[sonnel. Replace sign warning of
der Damage | missing rungs, has confined space entry require-

cracks and/or misaligned.
Confined space warning

ments. Ladder and entry noti-
fication complies with OSHA
standards.

sign missing.
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Table V-4.5.2(15) Maintenance Standards - Manufactured Media Filters

Maintenance Condition When Maintenance is Results EXPGCted
Defect When Maintenance
Component Needed .
is Performed
Below SedimentAccu-_Sediment depth exceeds 0.25- No sediment depos-
Ground Vault inches.
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Table V-4.5.2(15) Maintenance Standards - Manufactured Media Filters

(continued)

Maintenance

Condition When Maintenance is

Results Expected

Component Defect Needed Wh_en Maintenance
is Performed
its which would
mulation on impede permeability
Media. of the compost

media.

Sediment Accu-

Sediment depth exceeds 6-inches

No sediment depos-

mulation in in first chamber its in vault bottom of
\Vault | first chamber.
Trash/Debris |Trash and debris accumulated on Trash and debris

Accumulation

compost filter bed.

removed from the
compost filter bed.

Sedimentin .
. When drain pipes, clean-outs, . .
Drain h . Sediment and debris
. become full with sediment and/or
Pipes/Clean- . removed.
debris.
Outs
Damaged Any part ofthe pipes that are Pipe repaired and/or
. crushed or damaged due to cor-
Pipes replaced.

rosion and/or settlement.

Access Cover
Damaged/Not
Working

Cover cannot be opened; one per-
son cannot open the cover using
normal lifting pressure, cor-
rosion/deformation of cover.

Cover repaired to
proper working spe-
cifications or
replaced.

\Vault Structure

Cracks wider than 1/2-inch or evid-
ence of soil particles entering the
structure through the cracks, or

Vault replaced or
repairs made so that
vault meets design

Includes maintenance/inspection personnel |specifications and is
gr&t‘tCks in Wall, |jetermine that the vault is not struc{structurally sound.
ottom,
Damage to turally sound. Vault repaired so that
Frame and/or |Cracks wider than 1/2-inch atthe |no cracks exist wider
Top Slab joint of any inlet/outlet pipe or evid-|than 1/4-inch at the
ence of soil particles entering joint of the inlet/outlet
through the cracks. pipe.
B o s epad
Baffles 9, 9519 replaced to spe-

as determined by main-

cifications.

tenancel/inspection person.
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Table V-4.5.2(15) Maintenance Standards - Manufactured Media Filters

(continued)
Maintenance Condition When Maintenance is Results I?xpected
Defect When Maintenance
Component Needed

is Performed
Ladder replaced or
repaired and meets
specifications, and is

Ladder is corroded or deteriorated,
not functioning properly, not

Access Ladder | . rely attached to structure wall,

Damaged . . safe to use as determ
missing rungs, cracks, and mis-  |. . :
. ined by inspection
aligned.
personnel.
Drawdown of water through the Media cartridaes
Below Media media takes longer than 1 hour, replaced g
Ground Cart- and/or overflow occurs frequently. P |
ridge Type i i
lage lyp Short Circuiting F|OV\{S do not properly enter filter  |Filter cartridges
cartridges. replaced.
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Table V-4.5.2(18) Maintenance Standards - Catch Basin Inserts

Maintenance
Component

Defect

Conditions When Main-
tenance is Needed

Results Expected When
Maintenance is Performed

General

Sediment
Accumulation

When sediment forms a cap
over the insert media of the
insert and/or unit.

No sediment cap on the
insert media and its unit.

Trash and Trash and debris accumulates|Trash and debris removed
Debris Accu- |on insert unit creating a block-|from insert unit. Runoff
mulation age/restriction. freely flows into catch basin.
Media Insert . Effluent water from media
Effluent water from media . . ,
Not Remov- |. . insert is free of oils and has
. ) insert has a visible sheen. .
ing Oil no visible sheen.
Media Insert |Catch basin insert is saturated .
. Remove and replace media
Water Sat-  |with water and no longer has |
] insert
urated the capacity to absorb.
Media Insert- Media oil saturated due to pet- Remove and replace media

Oil Saturated

roleum spill that drains into
catch basin.

insert.

Media Insert
Use Beyond
Product Life

Media has been used beyond
the typical average life of
media insert product.

Remove and replace media
at regular intervals, depend-
ing on insert product.
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Table V-4.5.2(19) Maintenance Standards - Media Filter Drain (MFD)

Maintenance
Component

Defect

Conditions When Main-
tenance is Needed

Results Expected When
Maintenance is Per-
formed

General

Sediment
accumulation
on grass filter
strip

Sediment depth exceeds 2
inches or creates uneven grad-
ing that interferes with sheet
flow.

Remove sediment deposits
on grass treatment area of
the embankment. When fin-
ished, embankment should
be level from side to side
and drain freely toward the
toe of the embankment
slope. There should be no
areas of standing water
once inflow has ceased.

No-veget- Flow spreader is uneven or Level the spreader and
ation zone/- |clogged so that flows are not  [clean to spread flows
flow uniformly distributed over entire|evenly over entire embank-
spreader embankment width. ment width.
Determine why grass
. growth is poor and correct
Grass is sparse or bare, or . -
Poor veget- the offending condition.
. eroded patches are observed .
ation cov-  |. o Reseed into loosened, fer-
in more than 10% of the grass |,. . .
erage . tile soil or compost; or,
strip surface area. .
replant with plugs of grass
from the upper slope.
Grass becomes excessively tall|Mow vegetation or remove
, (greater than 10 inches); nuis- |nuisance vegetation to not
Vegetation .
ance weeds and other veget- |impede flow. Mow grass to
ation start to take over. a height of 6 inches.
Water is seen on the surface of
the media filter drain mix long
after the storms have ceased.
. Typically, the 6-month, 24-hour |Excavate and replace all of
Media filter o : . .
drain mix precipitation event should drain|the media filter drain mix

replacement

within 48 hours. More common
storms should drain within 24
hours. Maintenance also
needed on a 10-year cycle and
during a preservation project.

contained within the media
filter drain.

Excessive

shading

Grass growth is poor because
sunlight does not reach

If possible, trim back over-
hanging limbs and remove
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Table V-4.5.2(19) Maintenance Standards - Media Filter Drain (MFD)

(continued)
Maintenance Conditions When Main- Resullts Expect(.ed When
Defect . Maintenance is Per-
Component tenance is Needed
formed
embankment. brushy vegetation on adja-
cent slopes.
Trashand |Trash and debris have accu- |Remove trash and debris
debris mulated on embankment. from embankment.
Evaluate media filter drain
Flooding of material for acceptable
Media ﬁ?ter When media filter drain is infiltration rate and replace
. inundated by flood water if media filter drain does
drain .
not meet long-term infilt-
ration rate standards.
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Walsh Hills Offsite Drainage Analysis

INTRODUCTION

This drainage report is provided to describe the existing stormwater conditions and proposed drainage
improvements associated with the Walsh Hills PRD and Unit Lot Subdivision project. The project site is
comprised of a single property (Snohomish County tax parcel no. 280607001-03600) with a total area of
approximately 19.3 acres. The project proposes to re-develop the property site into 19 detached single-
family residential lots and 94 fee-simple single-family residential lots, private tracts, and public right-of-way
dedication. This report is provided to identify the applicable storm drainage standards and to summarize the
analysis and design provisions proposed for the project to comply with the 2012 Department of Ecology
Stormwater Management Manual for Western Washington, as amended in December 2014, as specified by
the Snohomish Municipal Code (SMC), section 15.16.020.

The vicinity map provided below as Figure 1 illustrates the general location of the property. The site is
located at 1705 and 1711 Terrace Avenue, Snohomish WA, 98290. More generally the site is
located in a portion of the NE V4, Section 7, Township 28 North, Range 6 East, W.M. and a portion of
the NW V4, Section 7, Township 28 North, Range 6 East, W.M. in Snohomish County, Washington.
(see Vicinity Map below).

R T

D\

\
2

2, BLACKMANS

VICINITY MAP SCALE. 1" 22000

Figure 1 = Vicinity Map

C|P/H CONSULTANTS November 6, 2020
CPH Project No. 0035-19-030 Page 2



Walsh Hills Offsite Drainage Analysis

TASK 1 — DEFINE AND MAP THE STUDY AREA

Existing Site Conditions

The project site is currently comprised of a single tax parcel (Snohomish County tax parcel no.
280607001-03600) totaling approximately 19.3 acres adjacent to the east side of Terrace Avenue. Steep
slopes encumber the eastern limits of the site and development will be restricted to the western portion of the
property. The developable area of the site slopes moderately away from a topographic high near its central
region. This central area is currently occupied by a series of paved driveways and an assemblage of
buildings. It contains a number of buildings supporting the Snohomish Chalet and Delta Foundation, a
retirement and assisted living community. The north and east perimeters of the site are heavily forested and
the western frontage has a sparse grouping of trees and open lawn areas. A number of trees of varying type,
age, and health conditions exist on portions of the site. The front approximately 230 feet of the site along the
east frontage of Terrace Avenue is currently zoned Single Family Residential (SF). The majority and remaining
portion of the site is zoned Medium Density Residential (MD).

The site is comprised of two drainage sub-basins that flow primarily as sheet and shallow concentrated
flows. The east basin flows from a ridge running through the project site north to south, to lower elevations in
the east, flowing down steep slopes towards Machias Road. The west basin flows from that same ridge to
lower elevations in the west, towards Terrace Avenue. Steep topography in the eastern portion of the site will
be contained in a Critical Area tract and will remain undeveloped with the proposed project.

The soils of the project area are characterized generally by the Natural Resource Conservation Services
(NRCS) as Tokul gravelly medial loam, O to 8 percent slopes and Tokul-Winston gravelly loam, 25 to 65
percent slopes.

Developed Site Conditions

The site is planned to be improved with paved public roads, storm drainage systems, and public and
private utility infrastructure in support of 113 individual single-family residential lots. Primary and emergency
access to the site will be provided from Terrace Avenue. Flow control for the east basin will be provided by a
vault located in the southeast portion of the site, which will be conveyed east down the steep slopes with an
HDPE tightline and then discharge to an existing culvert on the west side of Machias Road.

Flow control for the west basin will be provided by a vault located in the southwest portion of the site
which will discharge to the proposed storm system in Terrace Avenue. This proposed public storm system
continues southerly along Terrace Avenue and discharges to an existing culvert on the east side of Terrace
Avenue approximately 450 feet downstream of the project site.
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TASK 2 — REVIEW ALL AVAILABLE INFORMATION ON THE STUDY AREA

Snohomish County Planning and Development Services Property Report and other resources were reviewed
to identify any potential sensitive areas in the proximity of the project site.
e  Wetlands: Delineated wetlands and associated buffers exist onsite. No development within the
wetlands or buffer is proposed.

e Streams and 100-year Floodplains: Two streams were identified by the biologist to be on-site. These
streams are located within wetlands in the eastern portion of the site. The Pilchuck River and it’s
floodplain are located just east of the adjacent wetland along the east side of Machias Road.

e Erosion Hazard Areas: Snohomish County PDS portal shows erosion hazard areas in the eastern
portion of the site.

e Landslide Hazard Areas: Snohomish County PDS portal shows steep slopes and potential landsclide
hazard areas in the eastern portion of the site.

e Seismic Hazard Areas: No seismic hazard areas were identified on the project site.

e Coal Mine Hazard Areas: No coal mine hazard areas are identified on the project site.

e  Critical Aquifer Recharge Area: The project site is not within a critical aquifer recharge area per
Snohomish County PDS portal.

The soils of the project area are characterized generally by the Natural Resource Conservation Services
(NRCS) as Tokul gravelly medial loam, O to 8 percent slopes and Tokul-Winston gravelly loam, 25 to 65
percent slopes. A site-specific investigation and reporting of the existing geotechnical conditions was
performed by Terra Associates, Inc. (May 15, 2020; revised July 17, 2020). Copies of the geotechnical
engineering report and the more general NRCS soils data are provided in Appendix A of the accompanying
preliminary Stormwater Site Plan.

The City’s current (2013) Stormwater Comprehensive Plan was part of the records research for the project.
City staff identified two projects from this planning document that had relevance to the project and/or existing
Terrace Avenue drainage systems: area C-5q, 16t Street and C-5b, Holly Vista Drive. The scope and purpose
of these two project and evaluation of potential impacts of the project on each are provided Task 4 off this
report.

The project completed a formal pre-application review with Snohomish County. That early review and
input from the County was in preparation of the Land Disturbing Activity (LDA) permit application which will be
required for the storm water discharge and drainage tight line that will collect and convey the controlled
runoff from the eastern portion of the site. That pre-review produced two separate Drainage Rehabilitation and
Investigation Service Request Records in the vicinity of the project. The most recent one of those is from 2012—
nearly 8 years ago and the other was from 1997/1998. Copies of each of these are included in Appendix
DS1 The issues reported for each of these is believed to have been remedied based on recent field
observations, notes in the report, and the age of these complaints.
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TASK 3 — FIELD INSPECT THE STUDY AREA

A field inspection was performed on October 21, 2019 on a cloudy day with a temperature of
approximately 50 degrees. The conditions were wet at the time of the site visit and was actively raining during
the site visit. Photos taken during the field inspection are provided in Appendix B.

Onsite Drainage Basin

The site is partially developed and has a series of paved driveways and an assemblage of buildings. It
contains a number of buildings supporting the Snohomish Chalet and Delta Foundation, a retirement and
assisted living community. The eastern portion of the site contains a forested area of steep slopes that will
remain undeveloped with this project. There are numerous trees of various sizes, age, and species located
through the property. The site contains two drainage basins created by a ridge running north and south, with
high elevations near the central portion of the site. Runoff from the east basin falls generally east across the
site towards the steep slopes before reaching a roadside ditch adjacent to the west side of South Machias
Road. Runoff from the west basin of the site flows generally west before reaching a roadside ditch adjacent to
the east side of Terrace Avenue. No catch basins, swales, or other conveyance systems were observed onsite.

Downstream Drainage Basin

The project site is comprised of two drainage sub-basin that flow primarily as sheet and shallow
concentrated from the higher elevations created by the ridge running north to south, towards the lower
elevations to the east and west.

Runoff from the western portion of the site reaches the roadside ditch adjacent to the east side of Terrace
Avenue and flows south through sections of ditch and culverts for approximately 750 feet before eventually
entering an underground system near the intersection of 16™ Street and Terrace Avenue. Runoff continues in
this system of culverts and underground pipes south, reaching approximately 0.25 miles downstream of the
project at the intersection of 15 Street and Suncrest Drive where it is believed to enter the existing storm
infrastructure along Suncrest Drive. Runoff within the storm system is conveyed southeasterly via below grade
pipes to Morgantown Park where it ultimately discharges to the Pilchuck River. This general routing was
confirmed with the basin and system maps provided by the City and found in the current Stormwater
Comprehensive Plan.

Runoff from the eastern portion of the site flows east down the steep slope towards a section of roadside
ditch adjacent to the west side of South Machias Road. That section of ditch flows south for approximately 350
feet where the ditch appears to end and runoff enters a culvert. The culvert conveys runoff east under South
Machias Road. Runoff appears to enter a closed depression between the east side of South Machias Road and
the Centennial Trail. Standing water was observed but it is unclear where it flowed to next.

Upstream Drainage Basin

The project is located in the upper limits of the Pilchuck River drainage basin. It contains a topographic
ridge near its central region that generally drains the site east and west. There are no existing upstream
drainage subbasins that would contribute runoff to the site.
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TASK 4 — DESCRIBE THE DRAINAGE SYSTEM, AND ITS EXISTING AND
PREDICTED DRAINAGE AND WATER QUALITY PROBLEMS

Project Drainage Systems

The proposed stormwater infrastructure for the project includes two onsite, below-grade detention vaults.
These vaults have been sized to control the allowable release of stormwater from the site at or below pre-
developed (i.e., forested) peak design rates. Two vaults are currently proposed to maintain the general
drainage patterns which flow east and west from higher elevations near the middle of the site. Runoff from
improved areas of the site will be collected by standard catch basin inlets and conveyed by below-grade
pipes to one of the two onsite vaults—one in the southeast and the other in the southwest.

The east vault will safely convey discharge volumes via a mostly above-grade HDPE pipe (tight line). This
tight line will outlet to a new dissipator structure. The dissipator structure will have a direct connection to the
existing storm drainage system located in the west shoulder of Machias Road. A 12-inch CMP culvert conveys
runoff from this existing street drainage system under Machias road, to a rock-reinforced daylight outfall.
Flows from this rock pad travels is disperse and travels as shallow concentrated flow to a low point at the
southeast quadrant of the Machias Road and Three Lakes Road intersection. This local low is a result of an
impoundment by the embankment of the Centennial trail. There was no visible outlet from this impoundment
area and it is believed, based on the elevation differential and observed water levels (or lack thereof)
following notable rain events, that water seeps through the embankment which is also use to be an old rail
road grade.

Runoff from the west basin will be collected and conveyed to the detention vault located in southwest
portion of the site. The outlet from this west vault connects to an existing 12-inch concrete culvert
approximately 440 feet south of the site. The culvert is part of the existing street drainage system along the
east shoulder of Terrace Avenue that is comprised of a mixture of open ditches, culverts, and close pipes and
catch basins. These collective facilities flow south within the right-of-way to a catch basin in the southwest
corner of the intersection (CB 5150). Stormwater is discharged from this shallow catch basin via a 12-inch
ductile iron pipe. The outfall end of this pipe was not located /observed in the field, but it is understood from
the City’s Stormwater Comprehensive Plan (SCP) that it daylights to an open ditch that meanders south over
both public and private property.

Predicted Drainage and Water Quality Problems — West

Stormwater Comprehensive Plan (SCP) project C-5a, 16™ Street involves the installation of new, formal
storm drainage collection and conveyance facilities on both sides of 16™ Street west of Terrace Avenue.
Currently there are no formal drainage facilities on 16t Street. The existing storm drainage facilities located
on the west side of Terrace Avenue, of which the project drains to, does not connect or outlet to 16™ Street. As
such, the project does not result in any change in the current runoff /drainage conditions within the 16t Street
corridor.

Holly Vista Drive is an existing subdivision south of the site and immediately upstream and adjacent to
Terrace Avenue. The SCP in its basis of design for project C-5b, Holly Vista Drive explains that this older
subdivision was originally approved with roadside ditches to collect and convey runoff to other City drainage
facilities. Many of these ditches have been filled in by homeowners over time resulting in ineffective
stormwater controls. The C-5b project would install a new system of catch basins and pipe to Runoff from most
of Holly Vista Drive area is collected and conveyed by some of the same reaches as the Terrace Avenue
systems, including the lower segments downstream of CB 5150.
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The project’s drainage facilities will be designed in accordance with City surface water standards including
flow control and basic water quality treatment. Additionally, the peak design runoff rates with developed
conditions are significantly lower than the corresponding pre-developed (i.e., forested) design flow rates.
Preliminary model results show the 2-year peak design rate for the developed condition being less than 63
percent of the pre-developed rate, and the developed 50-year peak design rate is less than 50 percent of
the corresponding rate for pre-developed conditions. So, even without the City’s construction of SCP project C-
5b, the Walsh Hill drainage systems will provide additional mitigation for existing constraints in the
downstream drainage systems.

Predicted Drainage and Water Quality Problems — East

Currently, stormwater runoff from the eastern portion of the site travels as sheet and shallow concentrated
flows over a mixture of pavement and maintained landscape areas and then directly over the steep slopes
that are covered by denser native vegetation. The project’s drainage controls will mitigate potential runoff
impacts from the project by collecting runoff from the improved areas and conveying it in a closed pipe system
to a discharge beyond the toe of the steep slope. The site is also being graded to diret surface runoff from
improved areas away from the top of the steep slope. This greatly reduces the amount of water draining
directly onto and/or as shallow subsurface over the existing steep slope which will limit further the potential for
the shallow surface slides like those that have occurred in the past.

Snohomish County confirmed that there are no recent drainage complaints or known problems downstream
of the east portion of the site. The two older drainage complaints (2012 and 1997) are believe to have been
remedied or are conditions that no longer exist.
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FIGURES
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Preface

Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require


http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
http://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/health/
https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?cid=nrcs142p2_053951

alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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Soil Map

The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Snohomish County Area, Washington
Survey Area Data: Version 21, Sep 16, 2019

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Sep 26, 2018—Oct
16, 2018

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.




Custom Soil Resource Report

Map Unit Descriptions (Walsh Hills)

The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous
areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
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shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Snohomish County Area, Washington

72—Tokul gravelly medial loam, 0 to 8 percent slopes

Map Unit Setting
National map unit symbol: 2t61k
Elevation: 160 to 1,150 feet
Mean annual precipitation: 45 to 70 inches
Mean annual air temperature: 46 to 52 degrees F
Frost-free period: 140 to 200 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Tokul and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tokul

Setting
Landform: Till plains, hillslopes
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Side slope, tread
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Volcanic ash mixed with loess over glacial till

Typical profile
Oi - 0 to 1 inches: slightly decomposed plant material
Oa - 1 to 2 inches: highly decomposed plant material
A - 2to 6 inches: gravelly medial loam
Bs1 - 6to 9inches: gravelly medial loam
Bs2 - 9to 17 inches: gravelly medial loam
Bs3 - 17 to 24 inches: gravelly medial loam
BC - 24 to 33 inches: gravelly medial fine sandy loam
2Bsm - 33 to 62 inches: cemented material

Properties and qualities

Slope: 0 to 8 percent

Depth to restrictive feature: 20 to 39 inches to cemented horizon; 20 to 39 inches
to densic material

Natural drainage class: Moderately well drained

Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)

Depth to water table: About 18 to 36 inches

Frequency of flooding: None

Frequency of ponding: None

Available water storage in profile: Moderate (about 8.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3s
Hydrologic Soil Group: B
Forage suitability group: Limited Depth Soils (GO02XN302WA), Limited Depth
Soils (GO02XF303WA)
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Hydric soil rating: No

Minor Components

Pastik
Percent of map unit: 5 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Barneston
Percent of map unit: 5 percent
Landform: Kames, eskers, moraines
Landform position (two-dimensional): Summit, shoulder
Landform position (three-dimensional): Crest, interfluve
Down-slope shape: Convex
Across-slope shape: Convex
Hydric soil rating: No

Norma
Percent of map unit: 3 percent
Landform: Depressions, drainageways
Landform position (three-dimensional): Dip
Down-slope shape: Concave, linear
Across-slope shape: Concave
Hydric soil rating: Yes

Mckenna
Percent of map unit: 2 percent
Landform: Depressions, drainageways
Landform position (three-dimensional): Dip
Down-slope shape: Concave, linear
Across-slope shape: Concave
Hydric soil rating: Yes

77—Tokul-Winston gravelly loams, 25 to 65 percent slopes

Map Unit Setting
National map unit symbol: 2j08
Elevation: 150 to 1,900 feet
Mean annual precipitation: 40 to 80 inches
Mean annual air temperature: 46 to 50 degrees F
Frost-free period: 140 to 200 days
Farmland classification: Not prime farmland

Map Unit Composition
Tokul and similar soils: 60 percent
Winston and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Tokul

Setting
Landform: Till plains, escarpments
Parent material: Volcanic ash over basal till

Typical profile
H1 - 0to 4 inches: gravelly medial loam
H2 - 4to 22 inches: gravelly medial loam
H3 - 22 to 31 inches: gravelly medial fine sandy loam
H4 - 31 to 60 inches: gravelly sandy loam

Properties and qualities
Slope: 25 to 65 percent
Depth to restrictive feature: 20 to 40 inches to densic material
Natural drainage class: Moderately well drained

Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

low (0.00 to 0.06 in/hr)
Depth to water table: About 18 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 5.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: C
Hydric soil rating: No

Description of Winston

Setting
Landform: Escarpments
Parent material: Volcanic ash and glacial outwash

Typical profile
H1 - 0 to 3 inches: gravelly ashy loam
H2 - 3 to 25 inches: gravelly fine sandy loam
H3 - 25 to 60 inches: extremely gravelly coarse sand

Properties and qualities

Slope: 25 to 65 percent

Depth to restrictive feature: 20 to 40 inches to strongly contrasting textural
stratification

Natural drainage class: Somewhat excessively drained

Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water storage in profile: Moderate (about 7.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: B
Hydric soil rating: No
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Walsh Hills Offsite Drainage Analysis

Photo#1 and 2: Roadside ditch and culvert system along the western frontage of the project site, east
side of Terrace Avenue.
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Walsh Hills Offsite Drainage Analysis

Photo#3: Where runoff enters the closed underground drainage system near the intersection of
Terrace Avenue and 16t Street.
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Walsh Hills Offsite Drainage Analysis

Photo#5: Looking north, roadside ditch along the west side of Machias Road. The steep slopes of the
project site are seen on the left side of the photo. Standing water was observed in the ditch.

Photo#6: The end of the roadside ditch, where flow is conveyed east under Machias Road.
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Walsh Hills Offsite Drainage Analysis

Photo#7: Standing water observed in the closed depression between the east side of Machias Road

and the Centennial Trail, where runoff from the project site ultimately discharges.

C|P|[H CONSULTANTS November 6, 2020
CPH Project No. 0035-19-030 Page 14



	Figure 2 - Existing Site Conditions.pdf
	Sheets and Views
	2 EXISTING CONDITIONS


	Figure 4 - Developed Conditions ULS.pdf
	Sheets and Views
	8 PRELIMINARY STORM DRAINAGE PLAN


	Figure 5 - Existing Drainage Basins.pdf
	Sheets and Views
	2 EXISTING CONDITIONS


	Appendix A - NRCS Soil Report.pdf
	Cover
	Preface
	Contents
	Soil Map
	Soil Map (Walsh Hills)
	Legend
	Map Unit Descriptions (Walsh Hills)
	Snohomish County Area, Washington
	72—Tokul gravelly medial loam, 0 to 8 percent slopes
	77—Tokul-Winston gravelly loams, 25 to 65 percent slopes




	Appendix A - Terrace Avenue Development - Geotechnical Report.pdf
	Slide Output May 2020.pdf
	A-A Existing
	A-A Existing Seismic
	A-A Post
	A-A Post Seisimc
	B-B Existing
	B-B Existing Seismic
	B-B Post
	B-B Post Seismic
	C-C Existing
	C-C Existing Seismic
	C-C Post
	C-C Post Seismic

	T-8204 Figures 1-5 (May 2020).pdf
	T-8204 Figures 1-3 (May 2020)
	T-8204 Slope Anchors

	Slide Output May 2020.pdf
	A-A Existing
	A-A Existing Seismic
	A-A Post
	A-A Post Seisimc
	B-B Existing
	B-B Existing Seismic
	B-B Post
	B-B Post Seismic
	C-C Existing
	C-C Existing Seismic
	C-C Post
	C-C Post Seismic


	Appendix B - WWHM Report.pdf
	General Model Information
	POC Thresholds

	Landuse Basin Data
	Predeveloped Land Use
	West
	North Offsite
	East
	East Downstream

	Mitigated Land Use
	West
	Offsite North
	Southwest Bypass
	East
	East Downstream


	Routing Elements
	Predeveloped Routing
	Mitigated Routing
	Vault  1
	Vault  2


	Analysis Results
	POC 1
	Annual Peaks
	Ranked Annual Peaks
	Duration Flows
	Water Quality
	LID Report

	POC 2
	Annual Peaks
	Ranked Annual Peaks
	Duration Flows
	Water Quality
	LID Report


	Model Default Modifications
	PERLND Changes
	IMPLND Changes

	Appendix
	Predeveloped Schematic
	Mitigated Schematic
	Predeveloped UCI File
	PERLND
	IMPLND
	SCHEMATIC
	RCHRES
	SPEC-ACTIONS
	FTABLES
	EXT SOURCES
	EXT TARGETS

	Mitigated UCI File
	PERLND
	IMPLND
	SCHEMATIC
	RCHRES
	SPEC-ACTIONS
	FTABLES
	EXT SOURCES
	EXT TARGETS

	Predeveloped HSPF Message File
	Mitigated HSPF Message File

	Disclaimer
	Legal Notice


	Figure 7 - Downstream Map.pdf
	Sheets and Views
	Layout1


	Appendix A - NRCS Soil Report.pdf
	Cover
	Preface
	Contents
	Soil Map
	Soil Map (Walsh Hills)
	Legend
	Map Unit Descriptions (Walsh Hills)
	Snohomish County Area, Washington
	72—Tokul gravelly medial loam, 0 to 8 percent slopes
	77—Tokul-Winston gravelly loams, 25 to 65 percent slopes







