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Project Overview
This Storm Drainage Report is for the construction of 9 tiny house units on the property located at 120 Willow
Ave in Snohomish, Washington. More generally, the property is located within Section 18SW, Township 28N,
Range 6E, W.M. Please see the vicinity map below.

The site consists of a single parcel (00579401600400)
with an area of 0.18 acres plus minimal frontage
improvements. The site is bounded by Willow Avenue
to the east, Pearl Street to the south, and low density
residential to the north and west. The parcel is
currently occupied by pasture, a single-story
concrete/wooden frame garage and concrete parking
island. Proposed improvements include construction
of a tiny home hotel plus parking lot and utility
services.

The total project will create and/or replace
approximately 0.14 acres of impervious surface on
the 0.18-acre site. The project will create less than
5,000 sf of Pollution Generating Hard Surfaces
(PGHS) therefore, water quality treatment is
therefore exempt per Section 2.5.6 of the
Department of Ecology 2012 Stormwater
Management Manual for Western Washington as
amended in December 2014 (DOE Manual).

Site drainage consists of sheet flow downward to the east, toward Willow Avenue. Storm water drains across the
subject property and discharges to a catch basin on the west side of Willow Avenue This drainage pattern will be
maintained in the developed condition. The site has a single drainage basin. There is no upstream basin which
contributes runoff to the site.

According to the geotechnical investigation completed by Associated Earth Sciences, Inc., on-site soils of depths
7 to 8.5 feet were found to consist of soft to stiff alluvium that overlie medium dense to dense glacial sediments
(till), which is not suitable for infiltration.

The project proposes more than 5,000 SF of new plus replaced impervious surfaces, thus triggering Minimum
Requirements 1 through 9 as indicated on Figure I-2.4.1, included on the following page. The following report
provides evaluation and analysis for the existing site condition, developed site conditions, and a narrative
evaluating the project’s compliance with all 9 Minimum Requirements per the 2014 DOE Manual.

Vicinity Map- Not to Scale
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Conditions and Requirements Summary
The following summary describes the minimum requirements, as listed in chapter 2.5 of the Department of
Ecology 2012 Stormwater Management Manual for Western Washington as amended in December 2014 as
adopted by the City of Snohomish. Based upon the flow chart depicted in the 2014 DOE Manual (Figure 2.4.1),
the Minimum Requirements #1 through #9 apply to the new and replaced hard surfaces and all disturbed land.

MINIMUM REQUIREMENT #1:  PREPARATION OF STORMWATER SITE PLANS
Construction Plans under separate cover and Storm Drainage Report herein have been prepared for the subject
project.

MINIMUM REQUIREMENT #2:  CONSTRUCTION STORMWATER POLLUTION PREVENTION
A SWPPP will be provided with the Site Civil Construction Permit submittal documents.

MINIMUM REQUIREMENT #3:  SOURCE CONTROL POLLUTION
Permanent Source Control Pollution requirements do apply.  Source Control Pollution created from construction
of the subject project is addressed within the SWPPP.

MINIMUM REQUIREMENT #4:  PRESERVATION OF NATURAL DRAINAGE SYSTEMS AND OUTFALLS
Discharge from the site will be maintained in the current location. See section 3 of this report for the
downstream analysis.

MINIMUM REQUIREMENT #5:  ON-SITE STORMWATER MANAGEMENT
See Section 4. Post-Construction Soil Quality and Depth will be applied per BMP T5.30 in Volume III of the 2014
SWMMW to all lawn and landscaped areas.

MINIMUM REQUIREMENT #6: RUNOFF TREATMENT

The project will create less than 5,000 square feet of pollution generating impervious surface (PGIS) and is
therefore exempt from providing a water quality treatment facility.

MINIMUM REQUIREMENT #7: FLOW CONTROL

The proposed development will create less than 10,000 square feet of effective impervious area.  Additionally,
the developed 100-year peak flow for the basin creates less than a 0.15 cfs increase compared to the existing
condition 100-year peak flow when modeled using 15-minute time steps in WWHM2012.  As the increases in
flow are less than the threshold difference, the project is exempt from Minimum Requirement #7 per Section I-
2.5.7 in the 2014 DOE Manual.

MINIMUM REQUIREMENT #8: WETLANDS PROTECTION

Per City of Snohomish, there are no wetlands onsite or downstream from the site.

MINIMUM REQUIREMENT #9 OPERATION AND MAINTENANCE

The Operation and Maintenance guidelines from the 2014 DOE are included in Section 8 of this report.
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Offsite Analysis
RESOURCE REVIEW

The project site consists of approximately 0.18 acres and is located in Snohomish County, WA. Below are
descriptions of the upstream and downstream basins.

The best available resource information was reviewed for existing or potential problems.  The following is a
summary of the findings from the information used in preparing this report (see the following pages for
exhibits).

· Per the geotechnical investigation completed by Associated Earth Sciences, Inc., on-site
soils were found to consist of soft to stiff alluvium that overlie medium dense to dense
glacial sediments. A copy of the geotechnical report is included in Section 7 of this report
for reference.

· The site is located in the Forbes Hill Area Basin within the Snohomish River Watershed.
(Snohomish County Watershed Map)

· The site does not contain any wetland. (City of Snohomish)

· The  site  does  not  contain  any  streams  and  is  not  located  within  a  floodplain.  (City  of
Snohomish Drainage Map)

· The site is not located in an Erosion Hazard Area. (Snohomish County Map)

· The site is not located in a Landslide Hazard Area. (Snohomish County Map)

· The site is not located in a Seismic Hazard Area. (Snohomish County Map)

· The site and its downstream path have no reported drainage issues, please see email
correspondence with the City of Snohomish.



1

Shantel Romer

From: Andrew Sics <sics@SnohomishWA.gov>
Sent: Monday, February 04, 2019 10:53 AM
To: Shantel Romer
Subject: RE: Request for Drainage Complaints - Parcel #00579401600400

Hi Shantel,

I am not aware of any drainage complaints in this area.

Best regards,
Andy

Andrew Sics | Senior Utilities Engineer
City of Snohomish
(360) 282-3174 direct
www.snohomishwa.gov

Follow us on Facebook | Twitter | Instagram
Sign up to receive our Weekly Newsletter

From: Shantel Romer [mailto:sromer@thebluelinegroup.com]
Sent: Thursday, January 31, 2019 1:57 PM
To: Andrew Sics <sics@SnohomishWA.gov>
Subject: Request for Drainage Complaints - Parcel #00579401600400

Hello Andy,

I am working on a new project in Snohomish and would like to determine if there are any drainage complaints for the
project’s downstream drainage path. The project is located at 120 Willow Ave (parcel #00579401600400).

If you could let me know or refer me to someone who can provide any information regarding drainage complaints that
would be great. I have attached the City of Snohomish drainage map and have highlighted the downstream path for
reference.

Thank you!
Shantel Romer | E N G I N E E R
BLUELINE | THEBLUELINEGROUP.COM
DIRECT 425.250.7272 | MAIN 425.216.4051

NOTICE OF PUBLIC DISCLOSURE: This e-mail account is public domain. Any correspondence from or to this e-mail
account may be a public record. Accordingly, this e-mail, in whole or in part, may be subject to disclosure pursuant to
RCW 42.56.
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DOWNSTREAM ANALYSIS

The proposed downstream drainage path will reflect the existing downstream drainage path southeast of the
site. The runoff from the subject site will sheet flow to a catch basin on the western side of Willow Avenue and
continue south to the intersection of Pearl Street and Willow Street. Flows will continue south to a catch basin at
the intersection of Willow and First Street. Flows will then be conveyed through a series of catch basins along
the southern side of First street. The tight-line system continues south east to a structure located on the corner
of the intersection of First Street and Lincoln Avenue prior to flowing through a pipe and discharging to the
Snohomish River.

ONSITE BASIN

The  site  consists  of  a  single  parcel  (00579401600400)  that  currently  contains  a  single-story  concrete/wooden
frame garage and concrete parking island.

The site generally slopes from west to east.  Runoff from the site sheet flows over the existing pasture to the east
and discharges to the public tightline conveyance system along the west side of Willow Avenue.

UPSTREAM BASIN

There is no upstream basin tributary to the site.

DEVELOPED CONDITIONS SUMMARY

The proposed development consists of 9 tiny house units. All vehicular access to the site will be via Willow
Avenue. On-site infrastructure improvements will include the installation of the individual unit foundation
diamond piers, walkways, and associated utilities. Individual prefabricated tiny house units will then be placed
on the diamond piers.
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DOWNSTREAM DRAINAGE MAP
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PROJECT SITE
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Permanent Stormwater Control Plan
EXISTING HYDROLOGY

The site is located at 120 Willow Avenue in Snohomish, Washington. The existing site is composed of a concrete
parking island, a one-story concrete/wood framed garage and landscape. The drainage pattern for the site is
described in Section 3 of this report.

The Subsurface Exploration, Geologic Hazard, and Geotechnical Engineering Report prepared for the project by
Associated Earth Sciences Incorporated dated January 25, 2019 states that site soils are composed primarily of
soft to stiff alluvium that overlie medium dense to dense glacial sediments which is infeasible for infiltration.
Please see the geotechnical report included in Section 7 of this report.
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DEVELOPED HYDROLOGY

The proposed development consists of 9 tiny home units. All vehicular access to the site will be via Willow
Avenue. On-site infrastructure improvements will include the site building pads, amenity areas, parking areas,
walkways, dry and wet utilities. Landscaping will be installed throughout the site and along the frontage. The
total lot area is 7,682 square feet (0.18 acres), of which 6,601 square feet (0.15 acres) is assumed to be
impervious coverage based on the maximum allowable coverage of 85% per City of Snohomish zoning code.

Additionally, the developed 100-year peak flow for the project creates less than a 0.15 cfs increase compared to
the existing condition 100-year peak flow when modeled using 15-minute time steps in WWHM2012.  As the
increases in flow are less than the threshold difference, the project is exempt from 2014 DOE detention
requirements per Section I-2.5.7 in the 2014 DOE Manual.  Please refer to Section 4.2.1 of this report.
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4.2.1 HYDRAULIC ANALYSIS

The drainage analysis was modeled using the Western Washington Hydrology Model software with 15-minute
time steps in accordance with the 2014 DOE Manual. Per the Geotech report prepared by Associated Earth
Sciences, Inc., on-site soils consist of soft to stiff alluvium that overlie medium dense to dense glacial
sediments, making infiltration infeasible.

The project was modeled with the following parameters:

Rainfall Region: Seatac
Scale Factor: 1.0

The existing basin boundary is a total of 0.18 acres.  Please see the Existing Conditions Exhibit in this section of
the report.  Per the 2014 DOE Manual, the existing condition is modeled as the land cover that existed at the
site.  The areas used to compute the drainage calculations associated with the existing basin conditions as well
as the corresponding WWHM output, are summarized on the following pages of this report.

EXISTING CONDITIONS
Impervious
 Lot Impervious 0.02 ac
  Frontage 0.01 ac

Total Impervious 0.03 ac

Pervious
  Lawn 0.15 ac

Total Landscape (Soil Group C - Till) 0.15 ac

TOTAL EXISTING CONDITIONS 0.18 ac

Flow Frequency Return Periods for Predeveloped. POC #1
Return Period Flow(cfs)
2 year 0.0378
5 year 0.0618
10 year 0.0809
25 year 0.1086
50 year 0.1321
100 year 0.1579
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In the developed condition, onsite runoff will be collected and conveyed to the public tightline conveyance
system.  The proposed lot coverage will be as follows:

DEVELOPED CONDITIONS

Impervious

Lot Impervious (Max Impervious- 85%)* 0.08 ac

Parking Lot 0.07

Frontage 0.00 ac

Total Impervious 0.15 ac

Lawn

Landscaping 0.03 ac

  Total Lawn (Soil Group C - Till) 0.03 ac

TOTAL DEVELOPED CONDITIONS 0.18 ac

*Per City of Snohomish Zoning Code 14.210.330 the maximum impervious coverage for
lots zoned in MU is 85% (based on 15% required open space/vegetation).

Flow Frequency Return Periods for Developed. POC #1
Return Period Flow (cfs)
2 year 0.0837
5 year 0.1146
10 year 0.1375
25 year 0.1692
50 year 0.1950
100 year 0.2226

Developed – Predeveloped = 0.2226– 0.1579= 0.0647 cfs

The 100-year runoff for the proposed development when modeled using WWHM software and a 15-minute
time-step creates less than a 0.15 cfs increase over the predeveloped condition.  The basin is therefore exempt
from detention requirements per Minimum Requirement #7 in Section I-2.5.7 in the 2014 DOE Manual.
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WATER QUALITY

The project will create less than 5,000 sf of Pollution Generating Hard Surfaces (PGHS) therefore, water quality
treatment is therefore exempt Section 2.5.6 of 2012 Stormwater Management Manual for Western Washington
as Amended in December 2014.
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 LID FEASIBILTY ANALYSIS 

Per the 2014 DOE Manual, projects triggering Minimum Requirements #1 through #9 must meet the 
requirements in Table I‐2.5.1.  The project is required to implement BMP T5.13: Amended soils and List #2, as 
evaluated below.  For each surface, the BMP must be evaluated in a prescribed order of preference, and the first 
BMP that is determined to be feasible must be used. Below is a list of the evaluations for each of the BMPs: 
 
For each surface, consider the BMP’s in the order listed for that type of surface.  Use the first BMP that is 
considered feasible.  No other On‐site Stormwater Management BMP is necessary for that surface. 
 

LAWN AND LANDSCAPED AREAS: 

1. Post‐Construction Soil Quality and Depth in accordance with BMP T5.13: Post‐Construction Soil Quality 
and Depth. 
 
This BMP is feasible and will be used for all lawn and landscaped areas. 
 

ROOFS:  

1. Full Dispersion in accordance with BMP T5.30: Full Dispersion (p.939), or Downspout Full Infiltration 
Systems in accordance with BMP T5.10A: Down‐spout Full Infiltration (p.905). 
 
The site is bounded by public roads to the south and west and single family residential to the north and 
east. As such no flow path is available for full dispersion. The geotechnical investigation performed by 
Associated Earth Sciences, Inc., determined infiltration of stormwater is not feasible due to the 
underlying till soils which are not conducive to infiltration extending to depths of 8‐9.5’. Please refer to 
the geotechnical report in Section 7 of this report. 

 
2. Bioretention (See BMP T7.30: Bioretention Cells, Swales, and Planter Boxes (p.959)) facilities that have a 

minimum horizontally projected surface area  below the overflow which is at least 5% of the total surface 
area draining to it. 
 
Due to on‐site soils that are unsuitable for infiltration extending 8‐9.5’ below the ground surface, both 
rain gardens and bioretention has been determined to be infeasible for this site per the infeasibility 
criteria outlined in BMP T7.30 in Volume V Chapter 7 of the 2014 DOE Manual. Per the geotechnical 
investigation performed by Associated Earth Sciences, Inc., determined infiltration of stormwater is not 
feasible due to the underlying alluvial soils. Please refer to the geotechnical report in Section 7 of this 
report. 

 
3. Downspout Dispersion Systems in accordance with BMP T5.10B: Down‐spout Dispersion Systems (p.905) 

 
The site is bounded by public roads to the north and west and single family residential to the north and 
east.  Downspouts Dispersion Systems per BMP T5.10B are not feasible as the site is unable to provide a 
viable 25‐foot vegetated flow path. 
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4. Perforated Stub‐out Connections in accordance with BMP T5.10C: Perforated Stub‐out Connections 
(p.905) 
 
As infiltration was determined infeasible by the geotechnical engineer due to till soils which are not 
conducive to infiltration extending 8‐9.5’ below the ground surface, Perforated Stub‐out connections will 
not be implemented on the site. 

OTHER HARD SURFACES: 

1. Full Dispersion in accordance with BMP T5.30: Full Dispersion (p.939) 
 
The site is bounded by public roads to the north and west and single family residential to the north and 
east. As such no flow path is available for full dispersion. Full dispersion is infeasible on the site due to 
insufficient available area for the minimum required native vegetated flow path length of 100 feet. 
 

2. Permeable pavement in accordance with BMP T5.15: Permeable Pavements (p.917) 
 
Due to on‐site till soils which are not conducive to infiltration extending 8‐9.5’ below the ground surface, 
permeable pavement is determined to be infeasible for this site per the infeasibility criteria outlined in 
BMP T7.30 in Volume V Chapter 7 of the 2014 DOE Manual. Per the geotechnical investigation performed 
by Associated Earth Sciences, Inc., determined infiltration of stormwater is not feasible. Please refer to 
the geotechnical report in Section 7 of this report. 

 
3. Bioretention BMP’s (BMP T7.30: Bioretention Cells, Swales, and Planter Boxes (p.959)) that have a 

minimum horizontally projected surface area  below the overflow which is at least 5% of the total surface 
area draining to it. 
 
The geotechnical investigation performed by Associated Earth Sciences, Inc., determined infiltration of 
stormwater is not feasible due to the underlying till soils which are not conducive to infiltration extending 
to depths of 8‐9.5’. Please refer to the geotechnical report in Section 7 of this report. 

 
4. Sheet Flow Dispersion in accordance with BMP T5.12: Sheet Flow Dispersion (p.908), or Concentrated Flow 

Dispersion in accordance with BMP T5.11: Concentrated Flow Dispersion (p.905) 
 
Sheet flow dispersion is infeasible on‐site due to insufficient area for the minimum flow paths.  Sheet flow 
dispersion requires a 2‐foot transition zone, a 10‐foot wide vegetated buffer per 20 feet of impervious 
surface, plus an additional 10‐foot of vegetated buffer width for each additional 20 feet of impervious 
surface width or fraction thereof.  There is insufficient area for these buffers within the property as flows 
would be conveyed into the ROW and onto adjacent lots. 
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Conveyance System Analysis
The proposed onsite storm system will consist of 6-in storm pipe and footing drains connected to a catch basin
which will collect runoff from all impervious surfaces.

The 6-inch conveyance system was sized using the Rational Method and Manning’s Equation. For the rational
method equation, the peak flow rate was calculated assuming impervious coverage for the areas tributary to the
6-inch conveyance system. The peak flow, tributary to the 6-inch conveyance system, is 0.44 cfs for the 100-year
storm event. Please see calculations on the following page. The capacity for the 6-inch conveyance system was
calculated using Manning’s Equation. Using Manning’s equation, a 6-inch pipe at 1% has capacity to convey 0.608
cfs. Therefore, the 6-inch conveyance systems for each basin has adequate capacity to convey the 100-year storm.
Please see the calculations for the conveyance system below and on the following page.

6-inch Pipe: Rational Method, Per KCSWDM Section 3.2.1
Q = CIA (cfs)
C = Runoff Coefficient (Weighted Average)
C = 0.90 for impervious surfaces, only surface type considered.
I = Peak Rainfall Intensity = PRIR = 3.27
PR = 4.0 inches (100-year, 24-hour runoff)

IR = aRTc
-bR =

aR = 2.61 (100-year)
          bR = 0.63 (100-year)

        Tc = Time of concentration (6.3 minutes minimum)
       A = Area in Acres, is taken to be the maximum allowable per zoning
QR = C I A  =  (0.90) (3.27) (0.15 acres)  = 0.44 cfs

Flows will be conveyed from impervious surfaces to the public tightline conveyance system through 6” PVC storm
pipes laid at a minimum 1.0% slope. The conveyance capacity of such a system is described below by Manning’s
Equation.

Manning’s Equation; 6” Pipe @ 1.0% = 0.608 cfs
Q = 1.486/n * A * R2/3 * S1/2

n = roughness coefficient = 0.012
A = cross sectional area of pipe = π (D/2)2 = π (0.50 ft/2)2 = 0.196
R = wetted perimeter of pipe

R2/3 = (D/4)2/3 = (0.50/4)2/3 = 0.25
S = slope
S1/2 = (0.02 ft/ft)1/2 = 0.141
Q = (1.486/0.012) * 0.196 * 0.25 * 0.141 = 0.608 cfs



PROJECT SITE



                      W ILLOW 120

6.1
Willow 120

Stormwater Drainage Report

Construction Stormwater Pollution Prevention Plan
Design of the SWPPP Plan was completed in conformance with Minimum Requirement #2 per the 2014 DOE
Manual during final design.  Compliance with the 13 elements as listed below will be incorporated into the
SWPPP.

1. Mark clearing limits - Prior to any site clearing or grading, the clearing limits are to be marked
in the field.

2. Establish construction access - A stabilized construction entrance shall be installed as the first
step in clearing and grading.

3. Control flow rates -  Discharge rates  of  stormwater  from the site  will  be  controlled where
increases in impervious area or soil compaction during construction could lead to downstream
erosion, or where necessary to meet local agency stormwater discharge requirements.

4. Install sediment controls - Perimeter protection to filter sediment from sheetwash shall be
located downslope of all disturbed areas and shall be installed prior to upslope grading.  The
silt fence will be installed along the boundary of the site to retain all sediment on site.

5. Stabilize soils - Temporary and permanent cover measures shall be provided to protect all
disturbed areas.  Cover measures include the use of surface roughening, mulch, erosion
control nets and blankets, plastic covering, seeding, and sodding.

6. Protect slopes – Cut and fill slopes within the site will be designed, constructed, and protected
in a manner than minimizes erosion.

7. Protect drain inlets - Storm drain inlet protection measures will be applied to all catch basins
within the project vicinity.

8. Stabilize channels and outlets - Where site runoff is to be conveyed in channels or discharged
to a stream or some other natural drainage point, efforts will be taken to prevent downstream
erosion.

9. Control pollutants - Pollutants shall be controlled per TESC notes shown on SWPPP drawing.
10. Control dewatering - Any runoff generated by dewatering shall be treated by releasing the

water to a well vegetated, gently sloping area, temporary settling tank or approved outfall.
11. Maintain BMPs - All temporary and permanent Erosion and Sediment Control (ESC) BMPs

shall be maintained and repaired as needed to ensure continued performance of their
intended function. Prior to final construction approval, the project site shall be stabilized to
prevent sediment-laden water from leaving the site after project completion. All disturbed
areas shall be vegetated or otherwise permanently stabilized.  See sheet TD-01 of LSM plans
for more detail.

12. Manage the project - The project will be managed to minimize the amount of sediment
exposure during the wet season and inspected/monitored as necessary.  As site work
progresses, ESC BMPs will be implemented to address changing site conditions and minimize
the amount of sediment laden runoff from leaving the site.

13. Protect Low Impact Development BMPs - Lawn and landscape and proposed infiltration areas
should be protected from vehicle and equipment traffic as much as possible in order to
maintain the drainage capacity of the soils.
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Other Reports and Studies
A geotechnical report prepared by Associated Earth Sciences, Inc. dated January 25, 2019 is provided on the
following pages.
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Operation and Maintenance
The individual lot owner will be responsible for their tight-lined roof and footing drains, and private service drain
systems located within the property limits. Symptoms of failure include yard drains or clean-outs overtopping. If
this happens, the homeowner should remove the yard drain lid or clean-out lid and remove visible debris.  If
problems persist, the homeowner should have the service drain line cleaned.

Operation and Maintenance information from the 2014 DOE Manual standards is included on the following
pages for each of the facilities listed below:

· Catch Basins

· Amended Soils










