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PROJECT OVERVIEW 
 

PROPOSED IMPROVEMENTS 
The proposed development consists of the construction of a single commercial building with parking for trucks 
and cars, an access roadway, stormwater management facilities, utilities, and on-site landscaping on a 4.04-
acre site in Mukilteo, Washington. The property is currently zoned as planned industrial. 
 

DESIGN CRITERIA 
The City of Mukilteo utilizes the 2012 Washington State Department of Ecology Stormwater Management 
Manual for Western Washington (DOE Manual) drainage requirements with 2014 amendments. Stormwater 
discharges shall match developed discharge durations to existing durations for the range of existing discharge 
rates from 50% of the 2-year peak flow up to the full 50-year peak flow. The existing condition to be matched 
shall be largely forested land cover.  Additionally, the site is tributary to an existing wetland and shall meet the 
Wetland Protection Guidelines Criterion 1 and 2. 
 

JURISDICTIONAL REQUIREMENTS 

Table 1 below summarizes City of Mukilteo stormwater requirements. 
 

TABLE 1 
Jurisdictional Requirements 

Duration Analysis:  

2-year: Reduce to ½ existing duration 

50-year: Match existing 

  

Downstream Wetland 
Protection: 

Criteria 1: ±20% of daily volume 
Criteria 2: ±15% of monthly volume 

  

Water Quality Volume: n/a 

Water Quality Flow Rate: 0.23 CFS 

  

Downstream Analysis:  

Level 1: ¼ mile downstream 

 
SUBBASINS, AND SITE CHARACTERISTICS: 
 
SUBBASIN  
The site is located within a single basin with a portion of the adjacent ROW draining to a roadside ditch on the 
property.  The proposed drainage system consists of a network of catch basins and underground storm 
drainage pipes that will convey stormwater runoff from the paved surfaces to a water quality facility. Roof 
runoff and the treated stormwater will drain to a detention/infiltration vault located in the northeast portion of 
the site.  Pollution generating impervious surface (PGIS) runoff will receive water quality treatment and be 
infiltrated.  The portion of high intensity storm runoff that does not infiltrate will be control-released to the 
downstream depressional wetland to maintain the existing hydrology. 

 

SOILS 
Per the Geotechnical Investigation Report by Earth Solutions NW Geotechnical Engineering Study, dated 
December 27, 2018, the site has a topsoil layer of 6 to 18 inches underlain by glacial till consisting of a non-
sorted mixture of clay, silt, sand, pebbles, cobbles, and boulders.  Below the glacial till approximately 13 feet 
below grade, advance outwash consisting of dense to very dense, fine sand with a variable amount of silt was 
encountered. The advance outwash sand is typically relatively permeable and is the proposed receptor for the 
infiltration of treated stormwater runoff at the site, as recommended in the Associated Earth Science Inc. 
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(AESI) Infiltration Feasibility Study, dated May 8, 2019. The Soil Conservation Service has mapped the site as 
Alderwood-Urban land complex, 2-15% slope, classified as Type B soils for stormwater runoff but will be 
modeled as C type soils per geotechnical report recommendation.  The long term design infiltration rate of 
stormwater in the advance outwash 15 feet to 20 feet below the subgrade is limited to two inches/hour per the 
AESI Feasibility Study.  Groundwater was encountered at a depth of 43 feet. 

 
PROJECT LOCATION 

 
Figure 1: Vicinity Map 

Location:  4301 78th Street Southwest Mukilteo, WA, 98275 
 
Section, Township, Range:  SEC10, T28N, R4E, WM 
 
Tax Account Number:  28041000300100, 28041000300400, 28041000300500, 28041000300600 
 
Size:  176,141 SF (4.04 AC) 
 
City, County, State:  Mukilteo, Snohomish County, Washington State 
 
Governing Agency:  City of Mukilteo 
 
Design Criteria:  2012 Washington State Department of Ecology Stormwater Management Manual for Western 
Washington as Amended in December 2014 
 
Zoning:  PI (Planned Industrial) 

PROJECT SITE  
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MINIMUM REQUIREMENTS 
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Minimum Requirement #1: Preparation of Stormwater Site Plans 
All projects meeting the thresholds in Section 2.4 shall prepare a Stormwater Site Plan for local government 
review. Stormwater Site Plans shall use site-appropriate development principles, as required and encouraged 
by local development codes, to retain native vegetation and minimize impervious surfaces to the extent 
feasible. 
 

Response: A stormwater site plan has been prepared for the development in the form of this report. The 
stormwater site plan includes the existing and proposed stormwater conditions, WWHM output report, 
and supporting reports. 

 
Minimum Requirement #2: Construction Stormwater Pollution Prevention (SWPPP) 
All new development and redevelopment projects are responsible for preventing erosion and discharge of 
sediment and other pollutants into receiving waters.  
Projects which result in 2,000 square feet or more of new plus replaced hard surface area, or which disturb 
7,000 square feet or more of land must prepare a Construction Stormwater Pollution Prevention Plan (SWPPP) 
as part of the Stormwater Site Plan (see Section 2.5.1). Projects that result in less than 2,000 square feet of new 
plus replaced hard surface area, or disturb less than 7,000 square feet of land are not required to prepare a 
Construction SWPPP, but must consider all of the 13 Elements of Construction Stormwater Pollution 
Prevention and develop controls for all elements that pertain to the project site. 
 

Response: The 13 elements of the SWPPP are addressed below in this report. A full Construction will be 
prepared and the NPDES permit will be obtained from DOE.  

 
Minimum Requirement #3: Source Control of Pollution 
All known, available and reasonable source control BMPs shall be applied to all projects. Source control BMPs 
shall be selected, designed, and maintained according to the manual. 
 

Response: All available and reasonable source control BMPs have applied to this project. These include 
Dust Control at Disturbed Land Areas, Landscaping and Lawn/Vegetation Management and Maintenance 
of Stormwater Drainage and Treatment Systems.  
 

Minimum Requirement #4: Preservation of Natural Drainage Systems and Outfalls 
Natural drainage patterns shall be maintained, and discharges from the project site shall occur at the natural 
location, to the maximum extent practicable. The manner by which runoff is discharged from the project site 
must not cause a significant adverse impact to downstream receiving waters and downgradient properties. All 
outfalls require energy dissipation. 
 

Response:  Runoff from the proposed project will discharge from a new on-site infiltration vault that will 
discharge north to the existing wetlands.  To maintain existing hydrologic conditions to the wetlands 
north of the site the right-of-way stormwater is treated by two separate water quality systems. A portion 
of the right-of-way stormwater is treated and discharged to the existing wetland northwest of the site. 
The remaining portion of right-of-way stormwater is treated on-site, drains to the infiltration vault where 
it ultimately discharges to the existing wetlands to the north.       

 
Minimum Requirement #5: On-site Stormwater Management 
Projects shall employ On-site Stormwater Management BMPs in accordance with the following projects 
thresholds, standards, and lists to infiltrate, disperse, and retain stormwater runoff on-site to the extent 
feasible without causing flooding or erosion impacts.  Projects qualifying as flow control exempt in accordance 
with Section 2.5.7 of this chapter do not have to achieve the LID performance standard, nor consider 
bioretention, rain gardens, permeable pavement, and full dispersion if using List #1 or List #2. However, those 
projects must implement BMP T5.13; BMPs T5.10A, B, or C; and BMP T5.11 or T5.12, if feasible.  
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Project Thresholds: 
Projects triggering only Minimum Requirements #1 through #5 shall either:  

a. Use On-site Stormwater Management BMPs from List #1 for all surfaces within each type of 
surface in List #1; or  

b. Demonstrate compliance with the LID Performance Standard. Projects selecting this option 
cannot use Rain Gardens. They may choose to use Bioretention BMPs as described in Chapter 7 of 
Volume V to achieve the LID Performance Standard. 

 
Projects triggering Minimum Requirements #1 through #9, must meet the requirements in Table 2.5.1.  
 

Response: On-site stormwater runoff will be collected and conveyed via a system of catch basins and 
underground storm pipes to an onsite water quality facility, then routed to a stormwater vault.  The roof 
area will discharge directly in to the stormwater vault. Stormwater will then infiltrate into the below soils 
at a rate of 2” per hour.  Excess stormwater during high intensity storms will discharge from the vault at 
the historical discharge rate to the existing downstream wetland. 

 
Minimum Requirement #6: Runoff Treatment 
Thresholds 
When assessing a project against the following thresholds, only consider those hard and pervious surfaces that 
are subject to this minimum requirement as determined in Section 2.4 of this chapter.  
The following require construction of stormwater treatment facilities:  

• Projects in which the total of, pollution-generating hard surface (PGHS) is 5,000 square feet or 
more in a threshold discharge area of the project, or 

• Projects in which the total of pollution-generating pervious surfaces (PGPS) – not including 
permeable pavements – is three-quarters (3/4) of an acre or more in a threshold discharge 
area, and from which there will be a surface discharge in a natural or man-made conveyance 
system from the site.  

 
Response: Stormwater will be treated with the use of a Perk-Filter Vault which meets the Washington 
State Ecology GULD Standard for basic treatment.  

 
Minimum Requirement #7: Flow Control 
Projects must provide flow control to reduce the impacts of stormwater runoff from hard surfaces and land 
cover conversions. The requirement below applies to projects that discharge stormwater directly, or indirectly 
through a conveyance system, into a fresh waterbody.  Flow Control is not required for projects that discharge 
directly to, or indirectly to a water listed in Appendix I-E.  
 

Response: The proposed stormwater system includes an infiltration/detention vault that is sized for the 
entire project area, using the WWHM2012 program.  

 
Minimum Requirement #8: Wetlands Protection 
The requirements below apply only to projects whose stormwater discharges into a wetland, either directly or 
indirectly through a conveyance system.  
Thresholds: 
The thresholds identified in Minimum Requirement #6 – Runoff Treatment, and Minimum Requirement #7 – 
Flow Control shall also be applied to determine the applicability of this requirement to discharges to wetlands. 
Standard Requirement:  
Projects shall comply with Guide Sheets #1 through #3 in Appendix I-D. They hydrologic analysis shall use the 
existing hydrologic conditions unless directed otherwise by a regulatory agency with jurisdiction.  
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Response: The stormwater vault is sized to meet the guide sheets to the maximum extent feasible as 
described in more detail below in the Flow Control System section.  
 
 

 
Minimum Requirement #9: Operation and Maintenance 
An operation and maintenance manual that is consistent with the provisions in Volume V of this manual shall 
be provided for all proposed stormwater facilities and BMPs, and the party (or parties) responsible for 
maintenance and operation shall be identified. At private facilities, a copy of the manual shall be retained 
onsite or within reasonable access to the site, and shall be transferred with the property to the new owner. For 
public facilities, a copy of the manual shall be retained in the appropriate department. A log of maintenance 
activity that indicates what actions were taken shall be kept and be available for inspection by the local 
government. 
 

Response: Operations and Maintenance checklists for the proposed storm drainage system facilities have 
been included in Appendix E. 
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EXISTING CONDITIONS 
The project site is located at NE corner of the intersection of 44th Ave West and 78th Street Southwest in 
Mukilteo, Washington. The site is approximately 176,141 SF (4.04 acres) and is currently undeveloped. The is 
site is predominately forested.  
 
The site is bordered to the east by the First Slavic Church Awakening, to the west by 44th Avenue West, to the 
north by the Japanese Gulch Conservation Area, and to the south by 78th St SW. The majority of the project site 
is generally sloping to the northeast corner of the site at an average rate of 5 to 10 percent.     

SOILS CONDITIONS 
Per the Geotechnical Engineering Study by Earth Solutions NW, dated December 27, 2018, the site is one to one 
and a half feet of top soil with approximately 11 feet of glacial till (Qvt) underneath. Per the Infiltration 
Feasibility Study by AESI, dated May 8, 2019, the glacial till is underlain by advance outwash consisting of dense 
to very dense, fine sand with a variable amount of silt and trace amounts of gravel.  
 

DEVELOPED CONDITIONS 
The proposed development consists of the construction of a single industrial building totaling approximately 
55,032± SF (1.26 acres) with parking stalls, stormwater management facilities, utilities and on-site landscaping. 
The property is currently zoned as planned industrial.   

On-site stormwater runoff will be collected and conveyed via a system of catch basins and underground storm 
pipes to an onsite water quality facility, then routed to a stormwater vault.  The roof area will discharge directly 
into the stormwater vault bypassing the water quality system. Stormwater will then infiltrate into the below 
soils at a rate of two inches per hour.  Excess stormwater during high intensity storms will discharge from the 
vault at the historical discharge rate to the existing downstream wetland. 

See the Permanent Stormwater Control Plan section for further information about the conveyance system.   

DOWNSTREAM POINT OF COMPLIANCE 
The downstream point of compliance is at the wetland located north of the property in the Japanese Gulch.   
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PERMANENT STORMWATER CONTROL PLAN 
 

EXISTING SITE HYDROLOGY 
The project site is approximately 176,141 SF (4.04 acres) and is largely forested, undeveloped land. The existing 
conditions are modeled as C, Forest, Flat/Mod/Steep. See table 2 below, for existing conditions onsite. The 
upstream existing tributary basin was modeled with the on-site basin for the wetland protection/WWHM 
requirements. 

Table 2 –Pre-developed Drainage Basins 
Basin Area (AC) Description Grade 

0.8699 C, Forest Flat 

1.6074 C, Forest Moderate 

1.8055 C, Forest Steep 

4.2828 Total Site  

 
 

DEVELOPED SITE HYDROLOGY 
The proposed on-site development will consist of paved parking and drive aisles, concrete walkways, a 
building, and landscaping/pervious surface. The right-of-way improvements consist of ½ street widening and 
curb, gutter, and sidewalk along the sites frontage.  See Table 3 for proposed conditions. 
 

Table 3 -Developed Drainage Basin 
Basin Area (AC) Description Grade 

1.263 Parking Flat 

1.257 Roof tops Flat 

0.407 Parking Mod 

0.2332 Roads Flat 

0.0549 Sidewalks Flat 

0.0405 Parking Steep 

0.9134 C, Lawn Flat 

0.0632 C, Forest Mod 

0.0506 C, Forest Steep 

4.2828 Total (3.2556 ac imp, 1.0272 ac lawn/forest)  
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HYDROLOGIC MODELING  
The hydrologic analysis for the project was performed using the computer-modeling program, Western 
Washington Hydrology Model (WWMH2012), based on matching flow durations and wetland protection 
volumes. The program effectively models predeveloped, existing in this case, and post-developed runoff 
conditions using basins for a given area. An infiltration rate of 2.00” per hour has been used at the bottom of 
the vault (bottomless). The WWHM2012 model for the project site states that current stormwater conveyance 
system meets 2012 Department of Ecology Stormwater Management Manual standards and City of Mukilteo 
development standards. See Appendix C for the WWHM report. 
 

FLOW CONTROL SYSTEM 
In the developed condition, onsite stormwater runoff will be drained in several areas.   
 

• The building (1.26 acres) will be directly connected to the vault.   
 

• The remaining portion of the right-of-way area and on-site area is 3.02 acres which drains to a Perk-
Filter Vault located in the northeast portion of the parking lot. Stormwater will be treated by the Perk-
Filter Vault prior to entering the infiltration vault where it will then discharge directly to the wetland. 

 

• The total basin area (23.81 acres + 4.28 = 28.09 acres) is used for the wetland modeling in WWHM.   
 

• The entire site and a portion of the right-of-way is tributary to the underground vault (4.28 acres) that 
discharges stormwater north of the property to an existing wetland.  The vault has a live storage 
volume of 19,200 cubic feet (20’ wide x 60’ long x 16’ tall). 

   
Existing Drainage Basin 

Name   : Ext Site  

 

Pervious Land Use           acre  

 C, Forest, Flat       0.87 

 C, Forest, Mod             1.61 

 C, Forest, Steep           1.81 

Pervious Total              4.28  

Impervious Total            0.00  

 

Basin Total                 4.28  

 
Developed Drainage Basin 

Name   : Dev Site  

 

Pervious Land Use           acre  

 C, Forest, Mod             0.06 

 C, Forest, Steep           0.05 

 C, Lawn, Mod               0.91  

Pervious Total              1.02  

 

Impervious Land Use         acre   

 ROADS/FLAT                 0.23 

 ROOF TOPS/FLAT             1.26 

 SIDEWALKS/FLAT             0.06 

 PARKING/FLAT      1.26 

 PARKING/MOD                0.41 

 PARKING/STEEP      0.04 

Impervious Total            3.26  

Basin Total                 4.28  
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Existing Wetland Basin 
Name   : Ext Wetland Basin  

 

Pervious Land Use           acre  

 C, Forest, Flat        0.87 

 C, Forest, Mod             19.65 

 C, Forest, Steep            1.81 

 C, Lawn, Mod                0.31  

Pervious Total              22.64  

 

Impervious Land Use         acre   

 ROADS/MOD                   1.16 

 ROOF TOPS/FLAT              0.78 

 SIDEWALKS/MOD               0.11 

 PARKING/MOD                 3.41 

Impervious Total             5.46  

Basin Total                  28.10  

 
Developed Wetland Basin  

Name   : Dev Wetland Basin  

 

Pervious Land Use           acre    

 C, Forest, Mod             18.10 

 C, Forest, Steep            0.05 

 C, Lawn, Mod                1.23  

Pervious Total              19.38  

 

Impervious Land Use         acre   

 ROADS/FLAT                   0.23 

 ROADS/MOD    1.16 

 ROOF TOPS/FLAT   2.04 

 SIDEWALKS/FLAT   0.06 

 SIDEWALKS/MOD   0.11 

 PARKING/FLAT   1.26 

 PARKING/MOD   3.82 

 PARKING/STEEP   0.04  

Impervious Total              8.71  

Basin Total                   28.10  

 
 
Stormwater Vault 
 
Name   : Vault  1  

Width :       40 ft.  

Length :      60 ft.  

Depth:          161 ft.  

Infiltration On   

Infiltration rate: 2.00  

Infiltration safety factor: 1  

 
 
 
 
 
 
Point of Compliance (discharge to wetland) 
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The WWHM model was initially set up based on a point of compliance just for the project site (4.28 acres).  A 
vault was sized using the stream protection duration that did not include upstream or downstream basins.  The 
orifices and vault size were not altered so it would still meet site discharge compliance alone.  Modeling for the 
wetland includes the groundwater elements of the project site as well as the upstream and downstream basins 
for a total of 28.10 acres.  The flows, durations, monthly volumes and daily volumes are shown below for the 
entire site portion to the wetland basin.  The results of the analysis are shown below.   
 
Flow Frequency Return Periods for Predeveloped.  POC #1  

Return Period         Flow(cfs)  

2 year                  0.065502  

5 year                  0.100414  

10 year                 0.123106  

25 year                 0.150805  

50 year                 0.170621  

100 year                0.189706  

 

Flow Frequency Return Periods for Mitigated.  POC #1  

Return Period         Flow(cfs)  

2 year                  0.049723  

5 year                  0.103660  

10 year                 0.162309  

25 year                 0.275502  

50 year                 0.399056  

100 year                0.567937  

 
 
 
Stream Protection Duration  

POC #1  

The Facility PASSED  

  

The Facility PASSED.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Point of Compliance (wetland) 
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Per Guide Sheet 3B of the 2014 SMMWW, the following criteria need to also be met: 
 

• Criteria 1:  Total volume of water into a wetland during a single precipitation event should not be more 
than 20% higher or lower than the pre-project volumes.  

• Criteria 2:  Total volume of water into a wetland on a monthly basis should not be more than 15% higher 
or lower than the pre-project volumes. 

 
Using the same vault and orifice control structure as described above, the Guide Sheet 3B criteria was applied, 
which requires groundwater flow (in addition to the traditional surface flow and interflow) to be accounted for 
in pervious surface areas in the pre-project and post-project conditions.   
 
Infiltration is the means by which groundwater flow to the mitigated wetland is simulated.  Per the 
geotechnical engineer, the site is underlain by glacial till soils with advance outwash beneath. The advance 
outwash provides infiltration in the order of 2.00”/hour. Groundwater flow was assigned to the on-site 
pervious surface areas in the pre- and post-project conditions.  In the pre-project conditions, all on-site 
landscaped areas (forest) are assigned groundwater flow through infiltration.   In the post-project condition, 
there are several means by which infiltration, and therefore groundwater flow, is accounted for: 
 

• All landscaped areas allow for infiltration  

• The proposed detention vault is bottomless and, therefore, allows for infiltration (2.00”/hr)  
 
Using the pre-project and post-project conditions described above, we ran the WWHM model using the 20’ 
wide x 60’ long x 16’ deep bottomless vault with a 3-orifice control structure.  The results, shown below, show 
that we are able to meet the criteria 1 and 2.       
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Criterion #1:  
 
Day    Pre-dev Mitigated Percent Pass/Fail  

Jan1    0.1704    0.1659    97.4   Pass  

   2    0.1496    0.1430    95.6   Pass  

   3    0.1403    0.1337    95.3   Pass  

   4    0.1804    0.1736    96.2   Pass  

   5    0.1576    0.1508    95.7   Pass  

   6    0.1668    0.1614    96.7   Pass  

   7    0.1845    0.1785    96.8   Pass  

   8    0.1690    0.1613    95.4   Pass  

   9    0.1536    0.1464    95.3   Pass  

  10    0.1363    0.1294    94.9   Pass  

  11    0.1374    0.1299    94.5   Pass  

  12    0.1440    0.1367    95.0   Pass  

  13    0.1774    0.1708    96.3   Pass  

  14    0.1679    0.1596    95.1   Pass  

  15    0.1727    0.1649    95.5   Pass  

 

Feb1    0.1429    0.1334    93.4   Pass  

   2    0.1294    0.1199    92.6   Pass  

   3    0.1493    0.1401    93.9   Pass  

   4    0.1498    0.1405    93.8   Pass  

   5    0.1495    0.1409    94.3   Pass  

   6    0.1388    0.1299    93.6   Pass  

   7    0.1643    0.1539    93.6   Pass  

   8    0.1311    0.1224    93.3   Pass  

   9    0.1232    0.1153    93.6   Pass  

  10    0.1281    0.1195    93.3   Pass  

  11    0.1508    0.1427    94.6   Pass  

  12    0.1484    0.1400    94.4   Pass  

  13    0.1409    0.1322    93.8   Pass  

  14    0.1429    0.1334    93.4   Pass  

  15    0.1495    0.1408    94.1   Pass  

 

Mar1    0.1515    0.1418    93.7   Pass  

   2    0.1531    0.1438    93.9   Pass  

   3    0.1488    0.1394    93.7   Pass  

   4    0.1361    0.1268    93.2   Pass  

   5    0.1095    0.1007    92.0   Pass  

   6    0.1307    0.1233    94.3   Pass  

   7    0.1263    0.1188    94.0   Pass  

   8    0.1542    0.1464    94.9   Pass  

   9    0.1378    0.1286    93.3   Pass  

  10    0.1467    0.1371    93.5   Pass  

  11    0.1422    0.1324    93.1   Pass  

  12    0.1301    0.1206    92.7   Pass  

  13    0.1256    0.1171    93.3   Pass  

  14    0.1329    0.1239    93.2   Pass  

  15    0.1306    0.1219    93.4   Pass  

 

 

 

 

 

 

 

  16    0.1663    0.1588    95.5   Pass  

  17    0.1950    0.1895    97.2   Pass  

  18    0.1798    0.1694    94.2   Pass  

  19    0.1608    0.1518    94.4   Pass  

  20    0.1525    0.1448    95.0   Pass  

  21    0.1560    0.1480    94.9   Pass  

  22    0.1687    0.1616    95.8   Pass  

  23    0.1852    0.1767    95.5   Pass  

  24    0.1462    0.1381    94.4   Pass  

  25    0.1434    0.1350    94.2   Pass  

  26    0.1323    0.1238    93.6   Pass  

  27    0.1524    0.1440    94.5   Pass  

  28    0.1741    0.1661    95.4   Pass  

  29    0.1753    0.1683    96.0   Pass  

  30    0.1641    0.1556    94.8   Pass  

  31    0.1539    0.1450    94.2   Pass  

  16    0.1562    0.1476    94.6   Pass  

  17    0.1614    0.1517    94.0   Pass  

  18    0.1515    0.1405    92.7   Pass  

  19    0.1412    0.1309    92.7   Pass  

  20    0.1594    0.1504    94.3   Pass  

  21    0.1432    0.1342    93.7   Pass  

  22    0.1405    0.1309    93.2   Pass  

  23    0.1738    0.1632    93.9   Pass  

  24    0.1675    0.1588    94.8   Pass  

  25    0.1530    0.1434    93.7   Pass  

  26    0.1418    0.1329    93.7   Pass  

  27    0.1512    0.1417    93.7   Pass  

  28    0.1427    0.1324    92.8   Pass  

  29    0.1544    0.1449    93.8   Pass  

  16    0.1302    0.1213    93.1   Pass  

  17    0.1346    0.1253    93.1   Pass  

  18    0.1292    0.1206    93.4   Pass  

  19    0.1269    0.1193    94.0   Pass  

  20    0.1091    0.1012    92.8   Pass  

  21    0.1345    0.1273    94.6   Pass  

  22    0.1349    0.1276    94.6   Pass  

  23    0.1273    0.1184    93.0   Pass  

  24    0.1236    0.1150    93.1   Pass  

  25    0.1342    0.1260    93.9   Pass  

  26    0.1142    0.1060    92.9   Pass  

  27    0.1228    0.1150    93.6   Pass  

  28    0.1154    0.1074    93.1   Pass  

  29    0.1060    0.0985    92.9   Pass  

  30    0.1117    0.1041    93.2   Pass  

  31    0.1129    0.1055    93.4   Pass  
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Apr1    0.1084    0.1010    93.1   Pass  

   2    0.1107    0.1042    94.1   Pass  

   3    0.1195    0.1126    94.2   Pass  

   4    0.1159    0.1088    93.9   Pass  

   5    0.1091    0.1020    93.5   Pass  

   6    0.0965    0.0894    92.6   Pass  

   7    0.1158    0.1092    94.3   Pass  

   8    0.0989    0.0913    92.3   Pass  

   9    0.1005    0.0930    92.5   Pass  

  10    0.1115    0.1046    93.8   Pass  

  11    0.1144    0.1076    94.0   Pass  

  12    0.1043    0.0980    93.9   Pass  

  13    0.0890    0.0822    92.4   Pass  

  14    0.0970    0.0909    93.7   Pass  

  15    0.1125    0.1060    94.2   Pass 

 

May1    0.0748    0.0695    92.9   Pass  

   2    0.0753    0.0708    94.0   Pass  

   3    0.0702    0.0654    93.1   Pass  

   4    0.0769    0.0728    94.7   Pass  

   5    0.0680    0.0635    93.3   Pass  

   6    0.0556    0.0506    90.9   Pass  

   7    0.0626    0.0581    92.8   Pass  

   8    0.0628    0.0586    93.3   Pass  

   9    0.0820    0.0780    95.1   Pass  

  10    0.0826    0.0800    96.8   Pass  

  11    0.0643    0.0599    93.2   Pass  

  12    0.0695    0.0656    94.4   Pass  

  13    0.0713    0.0673    94.3   Pass  

  14    0.0607    0.0576    94.8   Pass  

  15    0.0662    0.0631    95.2   Pass  

 
Jun1    0.0636    0.0607    95.4   Pass  

   2    0.0719    0.0696    96.9   Pass  

   3    0.0588    0.0568    96.5   Pass  

   4    0.0575    0.0543    94.5   Pass  

   5    0.0572    0.0537    93.9   Pass  

   6    0.0639    0.0609    95.3   Pass  

   7    0.0589    0.0558    94.9   Pass  

   8    0.0569    0.0545    95.7   Pass  

   9    0.0794    0.0775    97.6   Pass  

  10    0.0607    0.0592    97.6   Pass  

  11    0.0622    0.0604    97.0   Pass  

  12    0.0521    0.0494    94.7   Pass  

  13    0.0430    0.0394    91.7   Pass  

  14    0.0486    0.0452    93.0   Pass  

  15    0.0563    0.0536    95.3   Pass  

 

 

 

 

 

 

 

 

  16    0.0969    0.0903    93.2   Pass  

  17    0.0893    0.0825    92.4   Pass  

  18    0.1089    0.1031    94.6   Pass  

  19    0.0953    0.0885    92.8   Pass  

  20    0.0730    0.0659    90.2   Pass  

  21    0.0784    0.0720    91.9   Pass  

  22    0.1050    0.0986    93.9   Pass  

  23    0.0960    0.0909    94.6   Pass  

  24    0.0824    0.0768    93.1   Pass  

  25    0.0739    0.0681    92.1   Pass  

  26    0.0907    0.0854    94.1   Pass  

  27    0.0903    0.0853    94.5   Pass  

  28    0.0860    0.0812    94.4   Pass  

  29    0.0847    0.0797    94.1   Pass  

  30    0.0740    0.0682    92.2   Pass  

  16    0.0532    0.0488    91.7   Pass  

  17    0.0596    0.0555    93.1   Pass  

  18    0.0661    0.0626    94.8   Pass  

  19    0.0645    0.0615    95.4   Pass  

  20    0.0589    0.0556    94.5   Pass  

  21    0.0530    0.0490    92.3   Pass  

  22    0.0560    0.0523    93.4   Pass  

  23    0.0615    0.0588    95.6   Pass  

  24    0.0558    0.0525    94.1   Pass  

  25    0.0614    0.0584    95.2   Pass  

  26    0.0697    0.0678    97.2   Pass  

  27    0.0607    0.0584    96.3   Pass  

  28    0.0657    0.0628    95.5   Pass  

  29    0.0596    0.0582    97.5   Pass  

  30    0.0819    0.0801    97.9   Pass  

  31    0.0561    0.0536    95.6   Pass  

  16    0.0626    0.0606    96.8   Pass  

  17    0.0585    0.0563    96.2   Pass  

  18    0.0558    0.0533    95.6   Pass  

  19    0.0451    0.0415    92.1   Pass  

  20    0.0484    0.0450    92.9   Pass  

  21    0.0547    0.0514    94.0   Pass  

  22    0.0534    0.0507    94.9   Pass  

  23    0.0642    0.0624    97.3   Pass  

  24    0.0570    0.0554    97.3   Pass  

  25    0.0483    0.0463    95.7   Pass  

  26    0.0492    0.0461    93.8   Pass  

  27    0.0435    0.0404    93.0   Pass  

  28    0.0556    0.0531    95.6   Pass  

  29    0.0478    0.0452    94.7   Pass  

  30    0.0560    0.0538    96.1   Pass  
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Jul1    0.0554    0.0543    97.9   Pass  

   2    0.0507    0.0484    95.4   Pass  

   3    0.0416    0.0383    92.0   Pass  

   4    0.0476    0.0454    95.3   Pass  

   5    0.0376    0.0350    92.9   Pass  

   6    0.0392    0.0359    91.6   Pass  

   7    0.0452    0.0431    95.2   Pass  

   8    0.0490    0.0465    95.0   Pass  

   9    0.0373    0.0342    91.8   Pass  

  10    0.0423    0.0392    92.7   Pass  

  11    0.0361    0.0336    93.0   Pass  

  12    0.0440    0.0419    95.1   Pass  

  13    0.0381    0.0360    94.5   Pass  

  14    0.0343    0.0313    91.4   Pass  

  15    0.0534    0.0520    97.4   Pass  

 

 

Aug1    0.0294    0.0266    90.5   Pass  

   2    0.0309    0.0283    91.3   Pass  

   3    0.0315    0.0289    91.8   Pass  

   4    0.0311    0.0286    92.1   Pass  

   5    0.0439    0.0423    96.3   Pass  

   6    0.0421    0.0413    98.0   Pass  

   7    0.0273    0.0259    94.7   Pass  

   8    0.0306    0.0284    92.9   Pass  

   9    0.0276    0.0250    90.4   Pass  

  10    0.0286    0.0261    91.3   Pass  

  11    0.0311    0.0286    92.0   Pass  

  12    0.0395    0.0378    95.9   Pass  

  13    0.0328    0.0311    94.9   Pass  

  14    0.0442    0.0427    96.8   Pass  

  15    0.0363    0.0353    97.0   Pass  

 

 

Sep1    0.0324    0.0318    98.1   Pass  

   2    0.0328    0.0317    96.7   Pass  

   3    0.0324    0.0309    95.2   Pass  

   4    0.0324    0.0308    95.0   Pass  

   5    0.0459    0.0456    99.2   Pass  

   6    0.0340    0.0335    98.6   Pass  

   7    0.0386    0.0382    98.8   Pass  

   8    0.0429    0.0432   100.6   Pass  

   9    0.0480    0.0488   101.8   Pass  

  10    0.0441    0.0456   103.4   Pass  

  11    0.0245    0.0229    93.3   Pass  

  12    0.0337    0.0323    95.9   Pass  

  13    0.0405    0.0399    98.4   Pass  

  14    0.0369    0.0370   100.4   Pass  

  15    0.0457    0.0456    99.8   Pass  

 

 

 

 

 

 

  16    0.0381    0.0363    95.3   Pass  

  17    0.0323    0.0295    91.2   Pass  

  18    0.0419    0.0398    95.1   Pass  

  19    0.0375    0.0350    93.4   Pass  

  20    0.0305    0.0274    90.1   Pass  

  21    0.0370    0.0345    93.2   Pass  

  22    0.0312    0.0283    90.6   Pass  

  23    0.0312    0.0282    90.3   Pass  

  24    0.0341    0.0313    91.9   Pass  

  25    0.0414    0.0395    95.5   Pass  

  26    0.0331    0.0307    92.9   Pass  

  27    0.0355    0.0330    93.0   Pass  

  28    0.0330    0.0307    93.1   Pass  

  29    0.0284    0.0254    89.6   Pass  

  30    0.0291    0.0261    90.0   Pass  

  31    0.0288    0.0259    90.2   Pass  

  16    0.0324    0.0310    95.4   Pass  

  17    0.0394    0.0383    97.2   Pass  

  18    0.0454    0.0447    98.6   Pass  

  19    0.0309    0.0299    96.7   Pass  

  20    0.0286    0.0262    91.6   Pass  

  21    0.0465    0.0459    98.8   Pass  

  22    0.0533    0.0529    99.3   Pass  

  23    0.0400    0.0404   100.9   Pass  

  24    0.0349    0.0342    98.1   Pass  

  25    0.0464    0.0459    98.8   Pass  

  26    0.0433    0.0440   101.5   Pass  

  27    0.0353    0.0345    97.8   Pass  

  28    0.0326    0.0306    94.0   Pass  

  29    0.0329    0.0311    94.8   Pass  

  30    0.0374    0.0363    97.1   Pass  

  31    0.0446    0.0436    97.7   Pass  

  16    0.0561    0.0579   103.2   Pass  

  17    0.0300    0.0301   100.4   Pass  

  18    0.0382    0.0376    98.4   Pass  

  19    0.0414    0.0410    99.1   Pass  

  20    0.0311    0.0306    98.2   Pass  

  21    0.0483    0.0485   100.3   Pass  

  22    0.0424    0.0435   102.7   Pass  

  23    0.0371    0.0381   102.6   Pass  

  24    0.0334    0.0329    98.4   Pass  

  25    0.0370    0.0363    98.2   Pass  

  26    0.0355    0.0347    97.6   Pass  

  27    0.0350    0.0344    98.5   Pass  

  28    0.0351    0.0342    97.5   Pass  

  29    0.0424    0.0423    99.7   Pass  

  30    0.0433    0.0431    99.5   Pass  
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Oct1    0.0355    0.0353    99.5   Pass  

   2    0.0415    0.0416   100.2   Pass  

   3    0.0511    0.0515   100.6   Pass  

   4    0.0445    0.0458   102.9   Pass  

   5    0.0551    0.0582   105.5   Pass  

   6    0.0411    0.0433   105.3   Pass  

   7    0.0565    0.0586   103.7   Pass  

   8    0.0475    0.0495   104.1   Pass  

   9    0.0466    0.0473   101.5   Pass  

  10    0.0443    0.0455   102.6   Pass  

  11    0.0387    0.0386    99.8   Pass  

  12    0.0436    0.0436    99.9   Pass  

  13    0.0442    0.0443   100.1   Pass  

  14    0.0384    0.0385   100.2   Pass  

  15    0.0500    0.0515   103.0   Pass  

 

 

Nov1    0.0557    0.0587   105.3   Pass  

   2    0.0744    0.0776   104.3   Pass  

   3    0.0825    0.0887   107.6   Pass  

   4    0.0610    0.0650   106.6   Pass  

   5    0.0602    0.0629   104.5   Pass  

   6    0.0630    0.0649   103.0   Pass  

   7    0.0636    0.0658   103.6   Pass  

   8    0.0723    0.0756   104.7   Pass  

   9    0.0840    0.0887   105.6   Pass  

  10    0.0878    0.0930   105.9   Pass  

  11    0.1002    0.1069   106.7   Pass  

  12    0.0925    0.0991   107.2   Pass  

  13    0.0761    0.0809   106.3   Pass  

  14    0.0844    0.0871   103.2   Pass  

  15    0.0836    0.0875   104.6   Pass  

 

Dec1    0.1196    0.1208   101.0   Pass  

   2    0.1552    0.1613   103.9   Pass  

   3    0.1405    0.1418   100.9   Pass  

   4    0.1459    0.1458   100.0   Pass  

   5    0.1332    0.1324    99.4   Pass  

   6    0.1099    0.1084    98.6   Pass  

   7    0.1119    0.1105    98.7   Pass  

   8    0.1218    0.1205    98.9   Pass  

   9    0.1305    0.1286    98.6   Pass  

  10    0.1381    0.1363    98.7   Pass  

  11    0.1545    0.1526    98.8   Pass  

  12    0.1313    0.1286    97.9   Pass  

  13    0.1515    0.1469    96.9   Pass  

  14    0.1865    0.1833    98.3   Pass  

  15    0.1571    0.1552    98.8   Pass  

 

 
Passing 365/365 days 
 
 
 
 

  16    0.0609    0.0630   103.4   Pass  

  17    0.0452    0.0474   104.8   Pass  

  18    0.0643    0.0673   104.7   Pass  

  19    0.0732    0.0789   107.7   Pass  

  20    0.0589    0.0628   106.6   Pass  

  21    0.0559    0.0590   105.6   Pass  

  22    0.0552    0.0574   104.0   Pass  

  23    0.0625    0.0651   104.2   Pass  

  24    0.0587    0.0622   105.9   Pass  

  25    0.0726    0.0759   104.6   Pass  

  26    0.0640    0.0681   106.4   Pass  

  27    0.0675    0.0718   106.4   Pass  

  28    0.0474    0.0484   102.0   Pass  

  29    0.0546    0.0557   102.1   Pass  

  30    0.0486    0.0500   102.8   Pass  

  31    0.0637    0.0655   102.8   Pass  

  16    0.0857    0.0899   104.8   Pass  

  17    0.0855    0.0882   103.2   Pass  

  18    0.1202    0.1264   105.2   Pass  

  19    0.1267    0.1322   104.4   Pass  

  20    0.0976    0.1029   105.4   Pass  

  21    0.0823    0.0848   103.0   Pass  

  22    0.1048    0.1052   100.4   Pass  

  23    0.1451    0.1475   101.6   Pass  

  24    0.1434    0.1487   103.7   Pass  

  25    0.0924    0.0945   102.3   Pass  

  26    0.1102    0.1113   101.0   Pass  

  27    0.0914    0.0913    99.9   Pass  

  28    0.1161    0.1166   100.4   Pass  

  29    0.1316    0.1329   100.9   Pass  

  30    0.1324    0.1341   101.3   Pass  

  16    0.1309    0.1276    97.5   Pass  

  17    0.1215    0.1177    96.9   Pass  

  18    0.1418    0.1362    96.0   Pass  

  19    0.1518    0.1471    96.9   Pass  

  20    0.1469    0.1432    97.5   Pass  

  21    0.1305    0.1277    97.9   Pass  

  22    0.1409    0.1367    97.0   Pass  

  23    0.1499    0.1456    97.1   Pass  

  24    0.1514    0.1463    96.6   Pass  

  25    0.1471    0.1422    96.7   Pass  

  26    0.1581    0.1535    97.1   Pass  

  27    0.1293    0.1256    97.2   Pass  

  28    0.1501    0.1445    96.3   Pass  

  29    0.1408    0.1358    96.4   Pass  

  30    0.1434    0.1420    99.0   Pass  

  31    0.1875    0.1845    98.4   Pass  
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Criterion #2: 
 
Wetlands Fluctuation for POC 1     

Month PRE-DEV MITIGATED Percent Pass/Fail  

Jan    5.0474    4.8222    95.5   Pass  

Feb    4.1710    3.9107    93.8   Pass  

Mar    4.0649    3.8006    93.5   Pass  

  Apr    2.9681    2.7743    93.5   Pass  

  May    2.0444    1.9313    94.5   Pass  

  Jun    1.6911    1.6126    95.4   Pass  

  Jul    1.2220    1.1447    93.7   Pass  

Aug    1.1151    1.0689    95.9   Pass  

  Sep    1.1525    1.1434    99.2   Pass  

  Oct    1.6116    1.6691   103.6   Pass  

  Nov    2.7382    2.8403   103.7   Pass  

Dec    4.3545    4.2790    98.3   Pass 

Passing 12/12 months 
 

WATER QUALITY SYSTEM 
Onsite stormwater from PGIS will be routed through a Perk-Filter Vault for basic treatment and outlet into the 
infiltration vault.  The Perk-Filter Vault is sized to meet the Ecology Washington State GULD Standard. WWHM 
modeling of the developed conditions flowrate prior to entering the vault gives an offline water quality 
flowrate (WQF) of 0.1319 cfs. Based on the offline WQF and our available depth, a 6-18” cartridge and 4’x10.5’ 
Perk-Filter Vault was selected to meet Basic Enhanced Treatment. 
 
ROW water to existing wetland will be treated by a single 12” cartridge 3’x6’ Perk Filter Concrete Catchbasin. 
See Appendix D for details.  
  

CONVEYANCE SYSTEM ANALYSIS AND DESIGN 
A full conveyance system analysis and design will be provided with the final land use and site development 
permit submittal. 
 

DOWNSTREAM ANALYSIS  
A downstream analysis was completed on April 10, 2019.  Figure C in Appendix A shows the downstream 
analysis path from the project site to ¼ mile downstream. The site slopes towards the northeast and drains 
offsite to the north/northeast via surface runoff. An existing wetland located northwest of the site receives 
runoff from the existing right-of-way. In the event of an overflow, the northwestern wetland overflows 
northeast into the Japanese Gulch. Runoff from the rest of the site drains east onto the nearby Slavic Church 
property or northeast towards an existing wetland in the Japanese Gulch. Stormwater from the Slavic Church 
property drains northeast to the Japanese Gulch. Runoff from the Japanese Gulch ultimately discharges to 
Puget Sound. 
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# Photo Description 

1 

 

Southern front of Nelson 43 
property 
 

2 

 

Slavic Church Property to the 
east. 
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    3 

 

Location of the wetland on 
google maps.  

4 

 

Wetland located in Japanese 
Gulch.  
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5 

 

Japanese Gulch south of the 
Nelson 43 property, ultimately 
drains to Puget Sound.   

 
 

100-YEAR FLOOD/OVERFLOW CONDITION 
The stormwater conveyance system for this project has been designed to address storm events in accordance 
with common industry practices.  In the event of a larger storm, the system may fail. In this case, the runoff 
from larger events will overflow the control structure in the proposed detention vault, and flow to the 
intended discharge point, the wetlands to the north. 
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CONSTRUCTION STORMWATER POLLUTION PREVENTION PLAN 
 
All erosion and sediment control measures shall be governed by the requirements of the City of Mukilteo. A 
temporary erosion and sedimentation control plan has been prepared to assist the contractor in complying 
with these requirements. The Erosion and Sediment Control (ESC) plan is included with the construction plans. 
 
Element 1: Preserve Vegetation/Mark Clearing Limits 

• Before beginning land disturbing activities, including clearing and grading, clearly mark all clearing limits, 

sensitive areas and their buffers, and trees that are to be preserved within the construction area. 

• Retain the duff layer, native top soil, and natural vegetation in an undisturbed state to the maximum 

degree practicable. 

 

Element 2: Establish Construction Access 

• Limit construction vehicle access and exit to one route, if possible. 

• Stabilize access points with a pad of quarry spalls, crushed rock, or other equivalent BMP’s, to minimize 
tracking of sediment onto public roads.  

• Locate wheel wash or tire baths on site, if stabilized construction entrance is not effective in preventing 
tracking sediment onto public roads. 

• If sediment is tracked off site, clean the affected roadway thoroughly at the end of the say, or more 
frequently as necessary (for example, during wet weather). Remove sediment from roads by shoveling, 
sweeping, or pick up and transport the sediment to a controlled sediment disposal area.  

• Conduct street washing only after sediment is removed in accordance with the above bullet. 

• Control street wash wastewater by pumping back on-site, or otherwise prevent it from discharging into 
systems tributary to waters of the State.  

 
Element 3: Control Flow Rates 

• Protect properties and waterways downstream of development sites from erosion and the associated 
discharge of turbid waters due to increases in the velocity and peak volumetric flow rate of stormwater 
runoff from the project site.  

• Where necessary to comply with the bullet above, construct stormwater retention or detention facilities s 
one of the first steps in grading. Assure that detention facilities function properly before constructing site 
improvements (e.g. impervious surfaces).  

• If permanent infiltration ponds are used for flow control during construction, protect these facilities from 
siltation during the construction phase. 

 
Element 4: Install Sediment Controls 

• Design, install, and maintain effective erosion controls and sediment controls to minimize the discharge of 

pollutants. 

• Construct sediment control BMPs (sediment ponds, traps, filters, etc.) as one of the first steps in grading. 

These BMPs shall be functional before other land disturbing activities take place. 

• Minimize sediment discharges from the site. The design, installation and maintenance of erosion and 

sediment controls must address factors such as the amount, frequency, intensity and duration of 

precipitation, the nature of resulting stormwater runoff, and soil characteristics, including the range of soil 

particle sizes expected to be present on the site. 

• Direct stormwater runoff from disturbed areas through a sediment pond or other appropriate sediment 

removal BMP, before the runoff leaves a construction site or before discharge to an infiltration facility. 

Runoff from fully stabilized areas may be discharged without a sediment removal BMP, but must meet the 

flow control performance standard in Element #3, bullet #1. 
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• Locate BMPs intended to trap sediment on-site in a manner to avoid interference with the movement of 

juvenile salmonids attempting to enter off-channel areas or drainages. 

• Where feasible, design outlet structures that withdraw impounded stormwater from the surface to avoid 

discharging sediment that is still suspended lower in the water column. 

 

 
Element 5: Stabilize Soils 

• Stabilize exposed and unworked soils by application of effective BMPs that prevent erosion. Applicable 

BMPs include, but are not limited to: temporary and permanent seeding, sodding, mulching, plastic 

covering, erosion control fabrics and matting, soil application of polyacrylamide (PAM), the early 

application of gravel base early on areas to be paved, and dust control. 

• Control stormwater volume and velocity within the site to minimize soil erosion. 

• Control stormwater discharges, including both peak flow rates and total stormwater volume, to minimize 

erosion at outlets and to minimize downstream channel and stream bank erosion.  

• Soils must not remain exposed and unworked for more than the time periods set forth below to prevent 

erosion: 

o During the dry season (May 1 - Sept. 30): 7 days 

o During the wet season (October 1 - April 30): 2 days 

• Stabilize soils at the end of the shift before a holiday or weekend if needed based on the weather forecast. 

• Stabilize soil stockpiles from erosion, protected with sediment trapping measures, and where possible, be 

located away from storm drain inlets, waterways and drainage channels.  

• Minimize the amount of soil exposed during construction activity. 

• Minimize the disturbance of steep slopes. 

• Minimize soil compaction and, unless infeasible, preserve topsoil. 

 
Element 6: Protect Slopes 

• Design and construct cut-and-fill slopes in a manner to minimize erosion. Applicable practices include, but 

are not limited to, reducing continuous length of slope with terracing and diversions, reducing slope 

steepness, and roughening slope surfaces (for example, track walking).  

• Divert off-site stormwater (run-on) or ground water away from slopes and disturbed areas with 

interceptor dikes, pipes and/or swales. Off-site stormwater should be managed separately from 

stormwater generated on the site.  

• At the top of slopes, collect drainage in pipe slope drains or protected channels to prevent erosion. 

o Temporary pipe slope drains must handle the peak 10-minute velocity of flow from a Type 1A, 10-

year, 24-hour frequency storm for the developed condition. Alternatively, the 10-year and 1-hour 

flow rate predicted by an approved continuous runoff model, increased by a factor of 1.6, may be 

used. The hydrologic analysis must use the existing land cover condition for predicting flow rates 

from tributary areas outside the project limits. For tributary areas on the project site, the analysis 

must use the temporary or permanent project land cover condition, whichever will produce the 

highest flow rates. If using the Western Washington Hydrology Model (WWHM) to predict flows, 

bare soil areas should be modeled as "landscaped" area. 

• Place excavated material on the uphill side of trenches, consistent with safety and space considerations.  

• Place check dams at regular intervals within constructed channels that are cut down a slope. 
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Element 7: Protect Drain Inlets 

• Protect all storm drain inlets made operable during construction so that stormwater runoff shall not enter 

the conveyance system without first being filtered or treated to remove sediment.  

• Clean or remove and replace inlet protection devices when sediment has filled one-third of the available 

storage (unless a different standard is specified by the product manufacturer). 

 

Element 8: Stabilize Channels and Outlets 

• Design, construct, and stabilize all on-site conveyance channels to prevent erosion from the following 

expected peak flows:  

o Channels must handle the peak 10-minute velocity of flow from a Type 1A, 10- year, 24-hour 

frequency storm for the developed condition. Alternatively, the 10-year, 1-hour flow rate indicated 

by an approved continuous runoff model, increased by a factor of 1.6, may be used. The 

hydrologic analysis must use the existing land cover condition for predicting flow rates from 

tributary areas outside the project limits. For tributary areas on the project site, the analysis must 

use the temporary or permanent project land cover condition, whichever will produce the highest 

flow rates. If using the Western Washington Hydrology Model (WWHM) to predict flows, bare soil 

areas should be modeled as "landscaped area. 

• Provide stabilization, including armoring material, adequate to prevent erosion of outlets, adjacent stream 

banks, slopes and downstream reaches at the outlets of all conveyance systems. 

 
Element 9: Control Pollutants 

• Design, install, implement and maintain effective pollution prevention measures to minimize the discharge 

of pollutants. 

• Handle and dispose of all pollutants, including waste materials and demolition debris that occur on-site in a 

manner that does not cause contamination of stormwater. 

• Provide cover, containment, and protection from vandalism for all chemicals, liquid products, petroleum 

products, and other materials that have the potential to pose a threat to human health or the 

environment. On-site fueling tanks must include secondary containment. Secondary containment means 

placing tanks or containers within an impervious structure capable of containing 110% of the volume 

contained in the largest take within the containment structure. Double-walled tanks do not require 

additional secondary containment. 

• Conduct maintenance, fueling, and repair of heavy equipment and vehicles using spill prevention and 

control measures. Clean contaminated surfaces immediately following any spill incident.  

• Discharge wheel wash or tire bath wastewater to a separate on-site treatment system that prevents 

discharge to surface water, such as closed-loop recirculation or upland application, or to the sanitary 

sewer, with local sewer district approval.  

• Apply fertilizers and pesticides in a manner and at application rates that will not result in loss of chemical 

to stormwater runoff. Follow manufacturers’ label requirements for application rates and procedures. 

• Use BMPs to prevent contamination of stormwater runoff by pH modifying sources. The sources for this 

contamination include, but are not limited to: bulk cement, cement kiln dust, fly ash, new concrete 

washing and curing waters, waste streams generated from concrete grinding and sawing, exposed 

aggregate processes, dewatering concrete vaults, concrete pumping and mixer washout waters.  

• Adjust the pH of stormwater if necessary to prevent violations of water quality standards. 

• Assure that washout of concrete trucks is performed off-site or in designated concrete washout areas 

only. Do not wash out concrete trucks onto the ground, or into storm drains, open ditches, streets, or 
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streams. Do not dump excess concrete on-site, except in designated concrete washout areas. Concrete 

spillage or concrete discharge to surface waters of the State is prohibited. 

• Obtain written approval from Ecology before using chemical treatment other than CO2 or dry ice to adjust 

pH. 

Element 10: Control De-Watering 

• Discharge foundation, vault, and trench de-watering water, which has similar characteristics to stormwater 

runoff at the site, into a controlled conveyance system before discharge to a sediment trap or sediment 

pond.  

• Discharge clean, non-turbid de-watering water, such as well-point ground water, to systems tributary to, or 

directly into surface waters of the State, as specified in Element #8, provided the dewatering flow does not 

cause erosion or flooding of receiving waters. Do not route clean dewatering water through stormwater 

sediment ponds. Note that “surface waters of the State” may exist on a construction site as well as off 

site; for example, a creek running through a site.  

• Handle highly turbid or otherwise contaminated dewatering water separately from stormwater. 

• Other treatment or disposal options may include: 1. Infiltration, 2. Transport off-site in a vehicle, such as a 

vacuum flush truck, for legal disposal in a manner that does not pollute state waters, 3. Ecology-approved 

on-site chemical treatment or other suitable treatment technologies, 4. Sanitary or combined sewer 

discharge with local sewer district approval, if there is no other option, and 5. Use of a sedimentation bag 

with outfall to a ditch or swale for small volumes of localized dewatering.  

 

 
Element 11: Maintain BMPs 

• Maintain and repair all temporary and permanent erosion and sediment control BMPs as needed to assure 

continued performance of their intended function in accordance with BMP specifications.  

• Remove all temporary erosion and sediment control BMPs within 30 days after achieving final site 

stabilization or after the temporary BMPs are no longer needed. 

 
Element 12: Manage the Project 

• Phase development projects to the maximum degree practicable and take into account seasonal work 

limitations.  

• Inspection and monitoring – Inspect, maintain and repair all BMPs as needed to assure continued 

performance of their intended function. Projects regulated under the Construction Stormwater General 

Permit must conduct site inspections and monitoring in accordance with Special Condition S4 of the 

Construction Stormwater General Permit.  

• Maintaining an updated construction SWPPP – Maintain, update, and implement the SWPPP.  

• Projects that disturb one or more acres must have site inspections conducted by a Certified Erosion and 

Sediment Control Lead (CESCL). Project sites disturbing less than one acre may have a CESCL or a person 

without CESCL certification conduct inspections. By the initiation of construction, the SWPPP must identify 

the CESCL or inspector, who must be present on-site or on-call at all times.  

• The CESCL or inspector (project sites less than one acre) must have the skills to assess the:  

o Site conditions and construction activities that could impact the quality of stormwater. 

o Effectiveness of erosion and sediment control measures used to control the quality of stormwater 

discharges. 

• The CESCL or inspector must examine stormwater visually for the presence of suspended sediment, 

turbidity, discoloration, and oil sheen. They must evaluate the effectiveness of BMPs and determine if it is 

necessary to install, maintain, or repair BMPs to improve the quality of stormwater discharges.  
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Based on the results of the inspection, construction site operators must correct the problems identified by: 

o Reviewing the SWPPP for compliance with the 13 construction SWPPP elements and making 

appropriate revisions within 7 days of the inspection.  

o Immediately beginning the process of fully implementing and maintaining appropriate source 

control and/or treatment BMPs as soon as possible, addressing the problems not later than within 

10 days of the inspection. If installation of necessary treatment BMPs is not feasible within 10 days, 

the construction site operator may request an extension within the initial 10-day response period. 

o Documenting BMP implementation and maintenance in the site log book (sites larger than 1 acre). 

• The CESCL or inspector must inspect all areas disturbed by construction activities, all BMPs, and all 

stormwater discharge points at least once every calendar week and within 24 hours of any discharge from 

the site. (For purposes of this condition, individual discharge events that last more than one day do not 

require daily inspections. For example, if a stormwater pond discharges continuously over the course of a 

week, only one inspection is required that week.) The CESCL or inspector may reduce the inspection 

frequency for temporary stabilized, inactive sites to once every calendar month. 

ESC ANALYSIS AND DESIGN 
 
Trapping Sediment 

Structural control measures will be used to reduce erosion and retain sediment on the construction site.  The 
control measures will be selected to fit specific site and seasonal conditions. 
 
The following structural items will be used to control erosion and sedimentation processes: 
 

• Stabilized construction entrances 

• Filter fabric fences 

• Catch Basin Inlet Sediment Protection 

• Proper Cover measures 

• Temporary swales 

• Sediment pond/vault 

• Rock check dam 
 
Weekly inspection of the erosion control measures will be required during construction.  Any sediment buildup 
shall be removed and disposed of off-site. 
 
Vehicle tracking of mud off-site shall be avoided.  Installation of a stabilized construction entrance will be 
installed at a location to enter the site.  The entrances are a minimum requirement and may be supplemented if 
tracking of mud onto public streets becomes excessive.  In the event that mud is tracked off site, it shall be 
swept up and disposed of off-site on a daily basis.  Depending on the amount of tracked mud, a vehicle road 
sweeper may be required.  
 
Because vegetative cover is the most important form of erosion control, construction practices must adhere to 
stringent cover requirements.  More specifically, the contractor will not be allowed to leave soils open for more 
than 14 days and, in some cases, immediate seeding will be required season dependent.   
 
Sediment Pond/Vault: 
 
A temporary sediment pond and vault are proposed during construction to collect, contain and control release 
of any site runoff during construction.  The pond will be constructed prior to construction of the permanent 
vault.  The entire 4.28-acre site is tributary to the temporary pond.  The sediment structure is sized according to 
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design specifications per Section BMPC241: Temporary Sediment Pond of the DOE Manual. Using WWHM2012, 
the 10-year, flow based on the post development cleared conditions (lawn). Below are the results: 
 
TESC Pond Tributary Area: 4.28 acres 
Flow Frequency  

Flow(cfs)  0501  

Return Period   Flow(cfs)  

2 year          0.182181  

5 year          0.348854  

10 year         0.500557  

25 year         0.747957  

50 year         0.978490  

100 year        1.253777  

 
The required surface area was calculated using the following equation:  
SA = 2 x Q10 / 0.00096 
     = 2 x 0.501 / 0.00096  
     = 1,042 sf  
 
This equation results in a surface area of 1,042 SF.  The pond was designed with a surface area of 1,050 SF at the top 
of the sediment storage, which exceeds the minimum requirements for the 2-year flow.   The required area of the 
orifice was calculated using the following equation: 
 
Ao = As(2h)0.5 / 0.6 x 3600Tg0.5 

     =1,042 x (2(3.5))0.5 / [0.6 x 3600 x 24 x 32.20.5] 
     = 0.00935 sf 
Converted to the required diameter using the following calculation: 
 
D = 13.54 x Ao0.5 
    = 13.54 x 0.009350.5 
    = 1.31” ≈1 – 1/4” 
 
The sediment pond will have a 3.5’ minimum depth from top of riser to bottom of live pond along with 1’ of free 
board and 1.5’ of sediment storage for a total depth of 6.0’.  
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SPECIAL REPORTS AND STUDIES OTHER PERMITS 
 
Geotechnical Engineering Study by Earth Solutions NW, LLC dated December 27th, 2018 is included in Appendix 
B.  Also included is the Infiltration Feasibility report by Associated Earth Sciences dated May 8th, 2019.  
 

OTHER PERMITS 
 
Dry utility and building permits will be applied for at a later date. 
 

OPERATION AND MAINTENANCE 
 
The owner or operator of the project shall be responsible for maintaining the stormwater facilities in 
accordance with local requirements.  Proper maintenance is important for adequate functioning of the 
stormwater facilities.  Operations and maintenance guidelines have been provided in Appendix E. 
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FIGURES 

 
Figure A – Existing Conditions Exhibit 
Figure B – Developed Conditions Exhibit 
Figure C – Downstream Conditions Exhibit 
Figure D – Drainage Plan, reduced sheet C-2.0 
Figure E – Detention Vault Details, reduced sheet C-2.3 
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GEOTECHNICAL ENGINEERING INVESTIGATION REPORTS 

 
Report 1 – Geotechnical Engineering Study–December 27, 2018 

Report 2 – Infiltration Feasibility Report– May 8, 2019 
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WWHM2012 OUTPUT FOR VAULT SIZING 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 



                        WWHM2012  

                    PROJECT REPORT  

___________________________________________________________________ 

 

Project Name: ND 43_3ORIF_20190717  

Site Name: ND 43 Mukilteo  

Site Address: 44th and 78th  

City     : Mukilteo  

Report Date: 9/25/2019  

Gage     : Everett  

Data Start : 1948/10/01  

Data End : 2009/09/30  

Precip Scale: 0.80  

Version Date: 2018/10/10   

Version : 4.2.16   

___________________________________________________________________ 

 

Low Flow Threshold for POC 1 : 50 Percent of the 2 Year  

___________________________________________________________________ 

 

High Flow Threshold for POC 1: 50 year  

___________________________________________________________________ 

 

PREDEVELOPED LAND USE   

 

Name   : Basin  1  

Bypass: No  

 

GroundWater: No  

 

Pervious Land Use           acre    

 C, Forest, Flat              .8699  

 C, Forest, Mod               1.6074  

 C, Forest, Steep             1.8055  

  

Pervious Total                4.2828  

 

Impervious Land Use         acre   

  

Impervious Total              0  

 

Basin Total                   4.2828  

 

___________________________________________________________________ 

 

 

Element Flows To:      

Surface               Interflow               Groundwater   

  

___________________________________________________________________ 

 

 

MITIGATED LAND USE   

 

Name   : Basin  1  

Bypass: No  

 



GroundWater: No  

 

Pervious Land Use           acre    

 C, Forest, Mod               .0632  

 C, Forest, Steep             .0506  

 C, Lawn, Flat                .9134  

  

Pervious Total                1.0272  

 

Impervious Land Use         acre   

 ROADS FLAT                   0.2332  

 ROOF TOPS FLAT               1.263  

 SIDEWALKS FLAT               0.0549  

 PARKING FLAT                 1.257  

 PARKING MOD                  0.407  

 PARKING STEEP                0.0405  

  

Impervious Total              3.2556  

 

Basin Total                   4.2828  

 

___________________________________________________________________ 

 

 

Element Flows To:      

Surface               Interflow               Groundwater   

Vault  1              Vault  1              Vault  1                

___________________________________________________________________ 

 

 

Name   : Vault  1  

Width :       20 ft.  

Length :      60 ft.  

Depth:          16 ft.  

Infiltration On   

Infiltration rate: 2  

Infiltration safety factor: 1  

Total Volume Infiltrated (ac-ft.): 373.08  

Total Volume Through Riser (ac-ft.): 89.157  

Total Volume Through Facility (ac-ft.): 462.238  

Percent Infiltrated: 80.71  

Total Precip Applied to Facility: 0  

Total Evap From Facility: 0  

Discharge Structure   

Riser Height: 15 ft.  

Riser Diameter: 18 in.  

Orifice 1 Diameter: 0.6875 in.  Elevation: 0 ft.  

Orifice 2 Diameter: 1.03125 in.  Elevation: 10.5 ft.  

Orifice 3 Diameter: 0.65625 in.  Elevation: 12.2708333 ft.  

 

Element Flows To:      

Outlet 1              Outlet 2           

  

___________________________________________________________________ 

 

 

  



             Vault Hydraulic Table  
 Stage(feet)  Area(ac.)  Volume(ac-ft.) Discharge(cfs) Infilt(cfs)    

0.0000      0.027      0.000      0.000      0.000  

0.1778      0.027      0.004      0.005      0.055  

0.3556      0.027      0.009      0.007      0.055  

0.5333      0.027      0.014      0.009      0.055  

0.7111      0.027      0.019      0.010      0.055  

0.8889      0.027      0.024      0.012      0.055  

1.0667      0.027      0.029      0.013      0.055  

1.2444      0.027      0.034      0.014      0.055  

1.4222      0.027      0.039      0.015      0.055  

1.6000      0.027      0.044      0.016      0.055  

1.7778      0.027      0.049      0.017      0.055  

1.9556      0.027      0.053      0.017      0.055  

2.1333      0.027      0.058      0.018      0.055  

2.3111      0.027      0.063      0.019      0.055  

2.4889      0.027      0.068      0.020      0.055  

2.6667      0.027      0.073      0.020      0.055  

2.8444      0.027      0.078      0.021      0.055  

3.0222      0.027      0.083      0.022      0.055  

3.2000      0.027      0.088      0.022      0.055  

3.3778      0.027      0.093      0.023      0.055  

3.5556      0.027      0.097      0.024      0.055  

3.7333      0.027      0.102      0.024      0.055  

3.9111      0.027      0.107      0.025      0.055  

4.0889      0.027      0.112      0.025      0.055  

4.2667      0.027      0.117      0.026      0.055  

4.4444      0.027      0.122      0.027      0.055  

4.6222      0.027      0.127      0.027      0.055  

4.8000      0.027      0.132      0.028      0.055  

4.9778      0.027      0.137      0.028      0.055  

5.1556      0.027      0.142      0.029      0.055  

5.3333      0.027      0.146      0.029      0.055  

5.5111      0.027      0.151      0.030      0.055  

5.6889      0.027      0.156      0.030      0.055  

5.8667      0.027      0.161      0.031      0.055  

6.0444      0.027      0.166      0.031      0.055  

6.2222      0.027      0.171      0.032      0.055  

6.4000      0.027      0.176      0.032      0.055  

6.5778      0.027      0.181      0.032      0.055  

6.7556      0.027      0.186      0.033      0.055  

6.9333      0.027      0.191      0.033      0.055  

7.1111      0.027      0.195      0.034      0.055  

7.2889      0.027      0.200      0.034      0.055  

7.4667      0.027      0.205      0.035      0.055  

7.6444      0.027      0.210      0.035      0.055  

7.8222      0.027      0.215      0.035      0.055  

8.0000      0.027      0.220      0.036      0.055  

8.1778      0.027      0.225      0.036      0.055  

8.3556      0.027      0.230      0.037      0.055  

8.5333      0.027      0.235      0.037      0.055  

8.7111      0.027      0.240      0.037      0.055  

8.8889      0.027      0.244      0.038      0.055  

9.0667      0.027      0.249      0.038      0.055  

9.2444      0.027      0.254      0.039      0.055  

9.4222      0.027      0.259      0.039      0.055  

9.6000      0.027      0.264      0.039      0.055  



9.7778      0.027      0.269      0.040      0.055  

9.9556      0.027      0.274      0.040      0.055  

10.133      0.027      0.279      0.040      0.055  

10.311      0.027      0.284      0.041      0.055  

10.489      0.027      0.289      0.041      0.055  

10.667      0.027      0.293      0.053      0.055  

10.844      0.027      0.298      0.059      0.055  

11.022      0.027      0.303      0.063      0.055  

11.200      0.027      0.308      0.067      0.055  

11.378      0.027      0.313      0.070      0.055  

11.556      0.027      0.318      0.073      0.055  

11.733      0.027      0.323      0.076      0.055  

11.911      0.027      0.328      0.078      0.055  

12.089      0.027      0.333      0.081      0.055  

12.267      0.027      0.337      0.083      0.055  

12.444      0.027      0.342      0.090      0.055  

12.622      0.027      0.347      0.094      0.055  

12.800      0.027      0.352      0.098      0.055  

12.978      0.027      0.357      0.101      0.055  

13.156      0.027      0.362      0.104      0.055  

13.333      0.027      0.367      0.107      0.055  

13.511      0.027      0.372      0.110      0.055  

13.689      0.027      0.377      0.112      0.055  

13.867      0.027      0.382      0.115      0.055  

14.044      0.027      0.386      0.118      0.055  

14.222      0.027      0.391      0.120      0.055  

14.400      0.027      0.396      0.122      0.055  

14.578      0.027      0.401      0.125      0.055  

14.756      0.027      0.406      0.127      0.055  

14.933      0.027      0.411      0.129      0.055  

15.111      0.027      0.416      0.719      0.055  

15.289      0.027      0.421      2.508      0.055  

15.467      0.027      0.426      4.461      0.055  

15.644      0.027      0.431      5.787      0.055  

15.822      0.027      0.435      6.565      0.055  

16.000      0.027      0.440      7.228      0.055  

16.178      0.027      0.445      7.834      0.055  

16.356      0.000      0.000      8.396      0.221  

___________________________________________________________________ 

 

___________________________________________________________________ 

 

                     ANALYSIS RESULTS  

 

                Stream Protection Duration  

 

___________________________________________________________________ 

 

Predeveloped Landuse Totals for POC #1  

Total Pervious Area:4.2828  

Total Impervious Area:0  

___________________________________________________________________ 

 

Mitigated Landuse Totals for POC #1  

Total Pervious Area:1.0272  

Total Impervious Area:3.2556  

___________________________________________________________________ 



 

Flow Frequency Return Periods for Predeveloped.  POC #1  

Return Period         Flow(cfs)  

2 year                  0.065502  

5 year                  0.100414  

10 year                 0.123106  

25 year                 0.150805  

50 year                 0.170621  

100 year                0.189706  

 

Flow Frequency Return Periods for Mitigated.  POC #1  

Return Period         Flow(cfs)  

2 year                  0.049723  

5 year                  0.10366  

10 year                 0.162309  

25 year                 0.275502  

50 year                 0.399056  

100 year                0.567937  

___________________________________________________________________ 

 

Stream Protection Duration  

Annual Peaks for Predeveloped and Mitigated.  POC #1  

Year         Predeveloped    Mitigated   

1949           0.019          0.037  

1950           0.086          0.039  

1951           0.058          0.037  

1952           0.050          0.030  

1953           0.042          0.029  

1954           0.115          0.039  

1955           0.111          0.063  

1956           0.090          0.073  

1957           0.103          0.100  

1958           0.075          0.038  

1959           0.073          0.040  

1960           0.067          0.067  

1961           0.071          0.065  

1962           0.047          0.039  

1963           0.064          0.038  

1964           0.064          0.037  

1965           0.062          0.037  

1966           0.035          0.031  

1967           0.094          0.039  

1968           0.098          0.109  

1969           0.048          0.037  

1970           0.048          0.032  

1971           0.077          0.040  

1972           0.074          0.039  

1973           0.043          0.033  

1974           0.075          0.034  

1975           0.052          0.033  

1976           0.053          0.052  

1977           0.028          0.037  

1978           0.051          0.027  

1979           0.090          0.082  

1980           0.061          0.035  

1981           0.052          0.036  

1982           0.073          0.188  



1983           0.070          0.037  

1984           0.062          0.068  

1985           0.093          0.082  

1986           0.236          0.811  

1987           0.081          0.122  

1988           0.055          0.055  

1989           0.044          0.027  

1990           0.066          0.039  

1991           0.071          0.057  

1992           0.051          0.033  

1993           0.037          0.035  

1994           0.026          0.039  

1995           0.064          0.074  

1996           0.146          0.104  

1997           0.251          1.304  

1998           0.038          0.032  

1999           0.065          0.039  

2000           0.041          0.085  

2001           0.008          0.028  

2002           0.062          0.038  

2003           0.041          0.035  

2004           0.060          0.211  

2005           0.055          0.040  

2006           0.143          0.210  

2007           0.108          0.038  

2008           0.156          0.626  

2009           0.052          0.038  

___________________________________________________________________ 

 

Stream Protection Duration  

Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1  

Rank     Predeveloped        Mitigated   

1         0.2506              1.3037  

2         0.2360              0.8111  

3         0.1563              0.6262  

4         0.1457              0.2111  

5         0.1434              0.2102  

6         0.1149              0.1876  

7         0.1110              0.1224  

8         0.1080              0.1086  

9         0.1025              0.1045  

10        0.0984              0.1000  

11        0.0943              0.0853  

12        0.0929              0.0824  

13        0.0902              0.0820  

14        0.0896              0.0739  

15        0.0858              0.0725  

16        0.0807              0.0680  

17        0.0768              0.0667  

18        0.0755              0.0647  

19        0.0750              0.0630  

20        0.0741              0.0566  

21        0.0733              0.0550  

22        0.0728              0.0518  

23        0.0714              0.0401  

24        0.0709              0.0397  

25        0.0695              0.0396  



26        0.0666              0.0394  

27        0.0664              0.0394  

28        0.0648              0.0394  

29        0.0644              0.0393  

30        0.0640              0.0393  

31        0.0637              0.0393  

32        0.0624              0.0391  

33        0.0622              0.0389  

34        0.0616              0.0383  

35        0.0606              0.0381  

36        0.0600              0.0380  

37        0.0580              0.0379  

38        0.0551              0.0375  

39        0.0547              0.0375  

40        0.0528              0.0375  

41        0.0525              0.0374  

42        0.0518              0.0374  

43        0.0516              0.0372  

44        0.0508              0.0369  

45        0.0507              0.0369  

46        0.0499              0.0359  

47        0.0484              0.0354  

48        0.0480              0.0348  

49        0.0475              0.0345  

50        0.0439              0.0337  

51        0.0427              0.0334  

52        0.0423              0.0332  

53        0.0412              0.0326  

54        0.0405              0.0324  

55        0.0383              0.0317  

56        0.0365              0.0305  

57        0.0348              0.0303  

58        0.0276              0.0294  

59        0.0265              0.0275  

60        0.0191              0.0272  

61        0.0080              0.0266  

___________________________________________________________________ 

 

Stream Protection Duration  

POC #1  

The Facility PASSED  

  

The Facility PASSED.  

  

Flow(cfs) Predev  Mit Percentage Pass/Fail  

0.0328    16784   11657  69     Pass  

0.0341    15254   9037   59     Pass  

0.0355    13907   6973   50     Pass  

0.0369    12705   5390   42     Pass  

0.0383    11599   4053   34     Pass  

0.0397    10611   3001   28     Pass  

0.0411    9700    2207   22     Pass  

0.0425    8866    1957   22     Pass  

0.0439    8130    1933   23     Pass  

0.0453    7428    1903   25     Pass  

0.0467    6797    1880   27     Pass  

0.0481    6241    1857   29     Pass  



0.0495    5719    1833   32     Pass  

0.0509    5234    1804   34     Pass  

0.0522    4819    1777   36     Pass  

0.0536    4451    1735   38     Pass  

0.0550    4070    1674   41     Pass  

0.0564    3722    1621   43     Pass  

0.0578    3420    1578   46     Pass  

0.0592    3166    1535   48     Pass  

0.0606    2905    1474   50     Pass  

0.0620    2680    1407   52     Pass  

0.0634    2496    1359   54     Pass  

0.0648    2329    1312   56     Pass  

0.0662    2190    1268   57     Pass  

0.0676    2051    1217   59     Pass  

0.0690    1898    1177   62     Pass  

0.0704    1770    1130   63     Pass  

0.0717    1651    1102   66     Pass  

0.0731    1540    1046   67     Pass  

0.0745    1450    1013   69     Pass  

0.0759    1363    977    71     Pass  

0.0773    1290    936    72     Pass  

0.0787    1206    902    74     Pass  

0.0801    1147    868    75     Pass  

0.0815    1094    834    76     Pass  

0.0829    1053    790    75     Pass  

0.0843    1012    778    76     Pass  

0.0857    969     766    79     Pass  

0.0871    929     757    81     Pass  

0.0885    866     749    86     Pass  

0.0898    818     742    90     Pass  

0.0912    773     731    94     Pass  

0.0926    737     720    97     Pass  

0.0940    708     708    100    Pass  

0.0954    678     691    101    Pass  

0.0968    651     676    103    Pass  

0.0982    632     655    103    Pass  

0.0996    614     624    101    Pass  

0.1010    599     607    101    Pass  

0.1024    584     584    100    Pass  

0.1038    563     562    99     Pass  

0.1052    552     534    96     Pass  

0.1066    537     512    95     Pass  

0.1080    527     490    92     Pass  

0.1093    509     466    91     Pass  

0.1107    496     448    90     Pass  

0.1121    487     433    88     Pass  

0.1135    475     421    88     Pass  

0.1149    459     406    88     Pass  

0.1163    448     392    87     Pass  

0.1177    439     375    85     Pass  

0.1191    431     360    83     Pass  

0.1205    423     343    81     Pass  

0.1219    408     323    79     Pass  

0.1233    397     293    73     Pass  

0.1247    382     273    71     Pass  

0.1261    368     251    68     Pass  

0.1274    357     232    64     Pass  



0.1288    337     201    59     Pass  

0.1302    328     187    57     Pass  

0.1316    319     186    58     Pass  

0.1330    310     186    60     Pass  

0.1344    291     185    63     Pass  

0.1358    282     182    64     Pass  

0.1372    273     181    66     Pass  

0.1386    265     181    68     Pass  

0.1400    256     181    70     Pass  

0.1414    250     181    72     Pass  

0.1428    243     181    74     Pass  

0.1442    238     180    75     Pass  

0.1456    234     178    76     Pass  

0.1469    227     178    78     Pass  

0.1483    222     177    79     Pass  

0.1497    219     176    80     Pass  

0.1511    212     175    82     Pass  

0.1525    208     175    84     Pass  

0.1539    203     175    86     Pass  

0.1553    198     174    87     Pass  

0.1567    192     174    90     Pass  

0.1581    190     173    91     Pass  

0.1595    187     171    91     Pass  

0.1609    184     171    92     Pass  

0.1623    181     171    94     Pass  

0.1637    176     170    96     Pass  

0.1651    173     170    98     Pass  

0.1664    171     170    99     Pass  

0.1678    168     170    101    Pass  

0.1692    167     168    100    Pass  

0.1706    164     167    101    Pass  

_____________________________________________________ 

 
___________________________________________________________________ 

 

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.   

___________________________________________________________________ 

 

 
 LID Report   

 

LID Technique                 Used for    Total Volume   Volume    Infiltration  Cumulative   

Percent     Water Quality  Percent       Comment     

                              Treatment?  Needs          Through   Volume        Volume       

Volume                     Water Quality             

                                          Treatment      Facility  (ac-ft.)       Infiltration 

Infiltrated                Treated                   

                                          (ac-ft)        (ac-ft)                 Credit                                                            

Vault  1 POC                       N      420.64                                       N      

80.71                                                                              

Total Volume Infiltrated                  420.64         0.00      0.00                       

80.71       0.00           0%            No Treat. Credit                          

Compliance with LID Standard 8                                                                                                         

Duration Analysis Result = Failed         

 

___________________________________________________________________ 

 



Perlnd and Implnd Changes   

 No changes have been made.  
___________________________________________________________________ 

 

 

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. 2005-2019; All Rights Reserved. 
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The owner or operator of the project shall be responsible for maintaining the stormwater facilities in 
accordance with local requirements.  Proper maintenance is important for adequate functioning of the 

stormwater facilities.  Operations and maintenance guidelines are provided below.   
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Inspection and Maintenance Guide

PERKFILTER®



PerkFilter Media Filtration System

Description
The PerkFilter is a stormwater treatment device used to remove pollutants from urban runoff. Impervious 
surfaces and other urban and suburban landscapes generate a variety of contaminants that can enter stormwater 
and pollute downstream receiving waters. The PerkFilter is a media-filled cartridge filtration device designed 
to capture and retain sediment, gross solids, metals, nutrients, hydrocarbons, and trash and debris. As with 
any stormwater treatment system, the PerkFilter requires periodic maintenance to sustain optimum system 
performance.

Function
The PerkFilter is a water quality treatment system consisting of three chambers: an inlet chamber, a filter 
cartridge treatment chamber, and an outlet chamber (Figure 1). Stormwater runoff enters the inlet chamber 
through an inlet pipe, curb opening, or grated inlet. Gross solids are settled out and floating trash and debris are 
trapped in the inlet chamber. Pretreated flow is then directed to the treatment chamber through an opening in 
the baffle wall between the inlet chamber and treatment chamber. The treatment chamber contains media-filled 
filter cartridges (Figure 2) that use physical and chemical processes to remove pollutants. During a storm event, 
runoff pools in the treatment chamber before passing radially through the cylindrical cartridges from the outside 
surface, through the media for treatment, and into the center of the cartridge. At the center of the cartridge is a 
center tube assembly designed to distribute the hydraulic load evenly across the surface of the filter cartridge 
and control the treatment flow rate. The center tube assembly discharges treated flow through the false floor 
and into the outlet chamber. A draindown feature built into each cartridge allows the treatment chamber to 
dewater between storm events.

Figure	1.	Schematic	of	the	PerkFilter	System.

Access covers
Filter cartridge treatment chamberPrecast concrete vault

Inlet chamber

Inlet pipe

Bypass assembly Concrete false floor Outlet chamber

Outlet hood

Outlet pipe



All PerkFilter systems include a high flow bypass assembly to divert flow exceeding the treatment capacity 
of the filter cartridges around the treatment chamber. The bypass assembly routes peak flow from the inlet 
chamber directly to the outlet chamber, bypassing the treatment chamber to prevent sediment and other captured 
pollutants from being scoured and re-entrained by high flow. Treated flow and bypass flow merge in the outlet 
chamber for discharge by a single outlet pipe.

Configuration

The PerkFilter structure may consist of a vault, manhole, or catch basin configuration. Catch basin units may 
be fabricated from concrete or steel. Internal components including the PerkFilter cartridges are manufactured 
from durable plastic and stainless steel components and hardware. All cartridges are 18 inches in diameter and 
are available in two heights: 12-inch and 18-inch. Cartridges may be used alone or may be stacked (Figure 3) to 
provide 24-inch and 30-inch combinations. The capacity of each cartridge or cartridge combination is dictated 
by the allowable operating rate of the media and the outer surface area of the cartridge. Thus, taller cartridges 
have greater treatment capacity than shorter cartridges but they also require more hydraulic drop across the 
system. Cartridges may be filled with a wide variety of media but the standard mix is composed of zeolite, perlite 
and carbon (ZPC).

Access to an installed PerkFilter system is typically provided by ductile iron castings or hatch covers. The location 
and number of access appurtenances is dependent on the size and configuration of the system.



Single or bottom stacked cartridge

Inner interconnector coupling (2“ dia.) 

Top stacked cartridge

Vent tube (4“ dia.)

Outer interconnector coupling (4“ dia.)

Urethane bottom cap 

Slip coupler (2“ dia.) 

Figure	3.	Schematic	of	stacked	cartridges	and	connector	components.



Maintenance Overview

State and local regulations require all stormwater management systems to be inspected on a periodic basis 
and maintained as necessary to ensure performance and protect downstream receiving waters. Maintenance 
prevents excessive pollutant buildup that can limit system performance by reducing the operating capacity and 
increasing the potential for scouring of pollutants during periods of high flow.

Inspection and Maintenance Frequency

The PerkFilter should be inspected on a periodic basis, typically twice per year, and maintained as required. 
Initially, inspections of a new system should be conducted more frequently to help establish an appropriate site-
specific inspection frequency. The maintenance frequency will be driven by the amount of runoff and pollutant 
loading encountered by a given system. In most cases, the optimum maintenance interval will be one to three 
years. Inspection and maintenance activities should be performed only during dry weather periods.

Inspection Equipment

The following equipment is helpful when conducting PerkFilter inspections: 
• Recording device (pen and paper form, voice recorder, iPad, etc.)
• Suitable clothing (appropriate footwear, gloves, hardhat, safety glasses, etc.)
• Traffic control equipment (cones, barricades, signage, flagging, etc.)
• Socket and wrench for bolt-down access covers
• Manhole hook or pry bar
• Flashlight
• Tape measure
• Measuring stick or sludge sampler
• Long-handled net (optional)

Inspection Procedures

PerkFilter inspections are visual and may be conducted from the ground surface without entering the unit. To 
complete an inspection, safety measures including traffic control should be deployed before the access covers 
are removed. Once the covers have been removed, the following items should be checked and recorded (see 
form provided at the end of this document) to determine whether maintenance is required:

• Inspect the internal components and note whether there are any broken or missing parts.  In the unlikely
event that internal parts are broken or missing, contact Oldcastle Infrastructure at (800) 579-8819 to
determine appropriate corrective action.

• Note whether the inlet pipe is blocked or obstructed. The outlet pipe is covered by a removable outlet
hood and cannot be observed without entering the unit.

• Observe, quantify and record the accumulation of floating trash and debris in the inlet chamber. The
significance of accumulated floating trash and debris is a matter of judgment. A long-handled net may
be used to retrieve the bulk of trash and debris at the time of inspection if full maintenance due to
accumulation of floating oils or settled sediment is not yet warranted.



• Observe, quantify and record the accumulation of oils in the inlet chamber. The significance of
accumulated floating oils is a matter of judgment. However, if there is evidence of an oil or fuel spill,
immediate maintenance by appropriate certified personnel is warranted.

• Observe, quantify and record the average accumulation of sediment in the inlet chamber and treatment
chamber. A calibrated dipstick, tape measure, or sludge sampler may be used to determine the amount
of accumulated sediment in each chamber. The depth of sediment may be determined by calculating
the difference between the measurement from the rim of the PerkFilter to the top of the accumulated
sediment and the measurement from the rim of the PerkFilter to the bottom of the PerkFilter structure.
Finding the top of the accumulated sediment below standing water takes some practice and a light
touch, but increased resistance as the measuring device is lowered toward the bottom of the unit
indicates the top of the accumulated sediment.

• Finally, observe, quantify and record the amount of standing water in the treatment chamber around the
cartridges. If standing water is present, do not include the depth of sediment that may have settled out
below the standing water in the measurement.

Maintenance Triggers

Maintenance should be scheduled if any of the following conditions are identified during the inspection:
• Internal components are broken or missing.
• Inlet piping is obstructed.
• The accumulation of floating trash and debris that cannot be retrieved with a net and/or oil in the inlet

chamber is significant.
• There is more than 6” of accumulated sediment in the inlet chamber.
• There is more than 4” of accumulated sediment in the treatment chamber.
• There is more than 4” of standing water in the treatment chamber more than 24 hours after end of rain

event.
• A hazardous material release (e.g. automotive fluids) is observed or reported.
• The system has not been maintained for 3 years (wet climates) to 5 years (dry climates).

Maintenance Equipment

The following equipment is helpful when conducting PerkFilter maintenance: 
• Suitable clothing (appropriate footwear, gloves, hardhat, safety glasses, etc.)
• Traffic control equipment (cones, barricades, signage, flagging, etc.)
• Socket and wrench for bolt-down access covers
• Manhole hook or pry bar
• Confined space entry equipment, if needed
• Flashlight
• Tape measure
• 9/16” socket and wrench to remove hold-down struts and filter cartridge tops
• Replacement filter cartridges
• Vacuum truck with water supply and water jet

Contact Oldcastle Infrastructure at (800) 579-8819 for replacement filter cartridges. A lead time of four 
weeks is recommended.



Maintenance Procedures

Maintenance should be conducted during dry weather when no flow is entering the system. Confined space entry 
is necessary to maintain vault and manhole PerkFilter configurations. Only personnel that are OSHA Confined 
Space Entry trained and certified may enter underground structures. Confined space entry is not required for 
catch basin PerkFilter configurations. Once safety measures such as traffic control are deployed, the access 
covers may be removed and the following activities may be conducted to complete maintenance:

• Remove floating trash, debris and oils from the water surface in the inlet chamber using the extension
nozzle on the end of the boom hose of the vacuum truck. Continue using the vacuum truck to
completely dewater the inlet chamber and evacuate all accumulated sediment from the inlet chamber.
Some jetting may be required to fully remove sediment. The inlet chamber does not need to be refilled
with water after maintenance is complete. The system will fill with water when the next storm event
occurs.

• Remove the hold-down strut from each row of filter cartridges and then remove the top of each
cartridge (the top is held on by four 9/16” bolts) and use the vacuum truck to evacuate the spent media.
When empty, the spent cartridges may be easily lifted off their slip couplers and removed from the vault.
The couplers may be left inserted into couplings cast into the false floor to prevent sediment and
debris from being washed into the outlet chamber during washdown.

• Once all the spent cartridges have been removed from the structure, the vacuum truck may be used to
evacuate all accumulated sediment from the treatment chamber. Some jetting may be required to fully
remove sediment. Take care not to wash sediment and debris through the openings in the false floor
and into the outlet chamber. All material removed from the PerkFilter during maintenance including the
spent media must be disposed of in accordance with local, state, and/or federal regulations. In most
cases, the material may be handled in the same manner as disposal of material removed from sumped
catch basins or manholes.

• Place a fresh cartridge in each cartridge position using the existing slip couplers and urethane bottom
caps. If the vault is equipped with stacked cartridges, the existing outer and inner interconnector
couplers must be used between the stacked cartridges to provide hydraulic connection. Transfer the
existing vent tubes from the spent cartridges to the fresh cartridges. Finally, refit the struts to hold the
fresh cartridges in place.

• Securely replace access covers, as appropriate.
• Make arrangements to return the empty spent cartridges to Oldcastle Infrastructure.



Inlet or Outlet Blockage or Obstruction Notes:

       Yes                           No

PerkFilter
Inspection and Maintenance Log

Location

Structure Configuration and Size: Inspection Date
     Vault  _____feet x _____feet
     Manhole  _____feet diameter
     Catch Basin  _____feet x _____feet

Number and Height of Cartridge Stacks:  Media Type:
Count_____each        12”        18”        24”        30”       ZPC        Perlite        Other___________________

Condition of Internal Components Notes:

       Good                       Damaged Missing

Floating Trash and Debris  Notes:

       Significant              Not Significant

Floating Oils Notes:

       Significant              Not Significant              Spill

Sediment Depth in Inlet Chamber  Notes:

      Inches of Sediment:___________

Maintenance Required

       Yes - Schedule Maintenance              No - Inspect Again in _______ Months

Sediment Depth in Treatment Chamber Notes:

      Inches of Sediment:___________

Standing Water in Treatment Chamber Notes:

      Inches of Standing Water:___________
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