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1.0 Project Overview 
 
The City of Puyallup Parks and Recreation Department (The Owner) is proposing to 
improve the Pioneer Park restroom building located at 324 South Meridian, parcel 
5745001680. See Figure 1 below for site location. The existing building will undergo a 
significant remodel with an expansion to double the size of the existing restroom to better 
serve the surrounding uses of the downtown city park. Sidewalks will be replaced and 
expanded to provide access to the renovated building from other existing amenities in 
the park. In addition to these new features, a rain garden will be constructed to mitigate 
feasible stormwater runoff from applicable new and replaced hard surfaces.   

This Stormwater Site Plan has been prepared to document how the Minimum 
Requirements of the 2019 Department of Ecology Stormwater Management Manual for 
Western Washington (SWMM) and the City of Puyallup – City Standards Section 200, 
Stormwater Management (rev. 2019) are applied and addressed. 

 
Figure 1 – Site Location and Vicinity Map 

 

 
 

   

Project Site 



 

3 | P a g e  

 

2.0 Existing Site Conditions 

The site is currently developed as a city park in the PF (Public Facilities) zone. The parcel is 
approximately 3.15 acres in size and consists of a public restroom, public market building 
(known as the Pioneer Park Pavilion), playground, stage and miscellaneous open space 
features such as art, statutes, and benches. The Park also contains a seasonal spray park 
that is built on an adjoining parcel. The site has flat topography with existing utilities running 
along the north and west boundaries of the parcel that were previously vacated portions of 
public Right-of-Way.  

The project site consists of approximately 10,423 square feet of the park parcel which consists 
of the existing Pioneer Park restroom, sidewalk, parking and landscape/open space areas. 
The existing sidewalk sheet flows stormwater to adjacent lawn and landscape areas within 
the park. The sidewalk along the north boundary of the parcel sheet flows stormwater north to 
the conveyance system in Elm Place. The existing building allows stormwater to drip from the 
existing roof eaves to a paver area below. Evidence of shallow ponding is seen along the 
perimeter of the sidewalk and other areas likely due to poor draining soil and over watering 
during the summer months.  

The storm conveyance system within Elm Place flows east to South Meridian where it conveys 
water through a series of catch basins and pipes south to 4th Ave SW. Stormwater is then 
conveyed west to 14th St SW/15th St SW where it flows north to an existing outfall to the 
Puyallup River. This project drainage basin is currently in the design phase to incorporated 
into a direct discharge drainage basin as part of the 4th St NW/5th St NW Stormwater Project. 
Once implemented, stormwater will continue to be conveyed along the 4th Ave SW 
conveyance system but will be intercepted at the intersection of 4th Ave SW and 5th St SW. 
While this project is and will be within a flow control exempt basin, onsite stormwater 
management was deployed utilizing list #1 per Minimum Requirement #5 as a matter of best 
practice to reduce offsite drainage to the maximum extent feasible. A map is provided on the 
following page is provided for a reference of project location to future direct discharge 
improvement project location.  
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Figure 2 – Future Direct Discharge/Flow Control Exempt Basin Map 
 

 

There are no known sensitive or critical areas within or adjacent to the project site. There are 
no known areas of contaminated soils within the project site. There are no known historical 
drainage problems within the project site or immediately downstream of the project.  

 

3.0 Proposed Site Drainage 

The project will modify the existing restroom to expand the building footprint west to double 
the existing facility size. The sidewalks will be replaced around the new structure to 
incorporate the new building pad elevation into the surrounding improvements. Additionally, 
an existing publicly maintained grinder pump and sewer force main system will be replaced 
due to frequent issues from public use and it has reached the end of its useful service life. 
To provide onsite stormwater management, portions of the new/replaced impervious 
surfaces will be conveyed to a new onsite rain garden. During high volume storm events, 
stormwater will overflow from the rain garden into a piped conveyance system to the storm 
main located within Elm Place, matching existing conditions.   
 
In total, approximately 10,423 square feet of land disturbing activity will be completed as 
part of the project. See Table 1 and Figure 3 on the following page for a summary of new 
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and replaced hard surfaces.  

 
 

Figure 3 – Project Basin Map; New and Replaced Surface Areas 
 

 

Table 1: Summary of Project Areas 
Project Site Area (Total Disturb Area) 

10,423 SF 
Non-Exempt Hard Surfaces 

Description  Area 

New/Replaced Concrete Sidewalk Impervious Area 2,295 SF 

New/Replaced Building Impervious Area 1,673 SF 

Total Non-Exempt Hard Surfaces 3,968 SF 

Exempt Hard Surfaces 

Description Area 

New/Replaced Impervious Area over Utility Replacement 
(exempt per I-3.2) 

1,785 SF 

Pavement Maintenance Area (Exempt per I-3.2) 1,920 SF 

Total Exempt Hard Surfaces 3,705 SF 

Pervious Surfaces 

Description Area 

Lawn/Landscaping/Rain Garden 2,750 SF 

Total Pervious Surfaces 2,750 SF 
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4.0 Conditions and Requirements Summary 

Stormwater management for the Project has been designed per the 2019 Department of 
Ecology Stormwater Management Manual (SWMM) as adopted by the City of Puyallup.  

The Project is defined as a Redevelopment in accordance with SWMM as the project limits 
currently has over 35% or more of existing hard surface coverage. Therefore, Figure I-3.2 was 
utilized to determine project minimum requirements.  
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Following Figure I-3.2: Flow Chart for Determining Requirements for Redevelopment, the 
project is required to implement Minimum Requirements (MR) #1 through #5 to the new 
and replaced hard surfaces and land disturbed. In total, 3,968 square feet of 
new/replaced hard surface and 2,750 square feet of new/replaced pervious surfaces are 
required to meet MR #1 through MR #5. A total of 3,705 square feet of exempt hard 
surfaces that are a result of utility replacement and pavement maintenance are required 
to meet minimum requirement #2 only. 
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4.1 Minimum Requirement (MR) Project Summary 

The following is a review of the proposed project meets each applicable minimum 
requirement as required by the 2019 SWMM.  
 
Minimum Requirement #1: Preparation of Stormwater Site Plans 
 
This technical report and the associated construction plans satisfy the requirements for a 
Stormwater Site Plan. The Stormwater Site Plan has been included in Appendix A of this 
report.  

 
Minimum Requirement #2: Construction Stormwater Pollution Prevention Plan 
(SWPPP) 
 
A Construction Stormwater Pollution Prevention Plan is a written document to implement 
measures to identify, prevent, and control the contamination of stormwater for construction 
sites. The Contractor will be responsible for preparing the Construction SWPPP based on the 
contractor means and methods and is required to submit the SWPPP to the City for review and 
approval prior to the start of construction. The Contractor will be responsible for designating a 
certified erosion and sediment control lead (CESCL) that will oversee site controls and SWPPP 
implementation throughout the duration of the project. Additionally, the Contractor will be 
responsible for modifying the SWPPP to accommodate changing site conditions and to ensure 
site discharges are in accordance with  

 
Minimum Requirement #3: Source Control of Pollution 
 

Per Volume III, Section III-1 Choosing your BMPs, Source Control BMPs are not required as 
part of this project as it does not meet the site type requirements of the 2019 SWMM 
(commercial properties, industrial properties, multifamily properties, boatyards, sand and gravel 
mining operations) and the City of Puyallup PMC 21.10.221 for sites requiring Structural Source 
Control BMPs. The following source control BMPs are recommended/encouraged to be 
implemented into practice as part of this project: 

 S454 BMPs for Preventative Maintenance/Good Housekeeping 
 S417 BMPs for Maintenance of Stormwater Drainage and Treatment Systems 
 S411 BMPs for Landscaping and Lawn/Vegetation Management 

Highlighted applicable Source Control BMPs have been included in Appendix C of this report.  

Construction Source Control BMPs will be identified in the SWPPP prepared by the Contractor 
as required as part of MR #2.  

 
Minimum Requirement #4: Preservation of Natural Drainage Systems and Outfalls 
 
Discharge at the natural location for the site is maintained as new and replaced hard surfaces 
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will continue to drain to the public storm drain that serves the project site or will be infiltrated 
into the underlying native soils. 
 

Minimum Requirement #5: On-Site Stormwater Management 

As stated in section 2.0 of this report, the project will implement onsite stormwater management 
following List #1 for satisfying the list approach to MR 5 compliance.  

 

Lawn/Landscape Areas: 

1. BMP T5.13: Post Construction Soil Quality and Depth 
a. All disturbed lawn and landscaped areas will be required to implement BMP 

T5.13.  

 
Roofs: 

1. BMP T5.30: Full Dispersion or BMP T5.10A Full Infiltration 
a. Infeasible: Insufficient room to implement full dispersion and full infiltration is 

considered infeasible given that the site soils consist of alluvium (mottled silt 
and fine sand) SM/ML soil classifications which is considered to have a 
saturated hydraulic conductivity that is too small for adequate infiltration. A 
follow-up in-field falling head test yielded a long term ksat infiltration value of 
0.5 inches per hour. The project site does not have sufficient room to fit an 
engineered infiltration facility to appropriately mitigated onsite stormwater. 
 

2. BMP T5.14: Rain Gardens or BMP T7.30: Bioretention 
a. The project has selected BMP T5.14: Rain Gardens to provide onsite 

stormwater management for roof areas. 
 

Other Hard Surfaces 

1. BMP T5.30: Full Dispersion 
a. Infeasible: Insufficient room to implement full dispersion 

 
2. BMP T5.15 Permeable Pavement or BMP T5.14: Rain Gardens or BMP T7.30: 

Bioretention 
a. The project has selected BMP T5.14: Rain Gardens to provide onsite 

stormwater management for other hard surfaces (i.e. Non-exempt hard 
surfaces).  
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5.0 On-site Stormwater Management 

Analysis and Design 

To meet the requirements of the 2019 SWMM, a rain garden is proposed to be installed to 
reduce the amount of stormwater that is discharged to the public stormwater system. The rain 
garden (BMP T5-14) will be installed to the east of the existing restroom building within an 
existing lawn area. The rain garden was designed in accordance with the Rain Garden 
Handbook for Western Washington: A Guide for Design, Installation, and Maintenance (Hinman 
et al., 2013) as per the 2019 SWMM requirements. 

In total, the project requires the project to implement onsite stormwater management for 
approximately 3,968 square feet of new/replaced hard surfaces. However due to grading 
challenges, available depth of the public stormwater system, and location of new/replaced hard 
surfaces, only feasible hard surfaces areas that can sufficiently drain to the rain garden have 
been included in the design sizing. To minimize the amount of stormwater runoff as a result of 
the project, existing impervious areas that feasibly drain to the rain garden were included in the 
rain garden sizing. Table 2 and Figure 4 below provides a summary of the areas included in the 
rain garden sizing.   

 
  

Table 2: Rain Garden Sizing Areas 
Description  Area 

New/Replaced Concrete Sidewalk Impervious Area 597 SF 

New/Replaced Building Impervious Area 1,673 SF 

Existing Impervious Area 250 SF 

Total Impervious Areas 2,520 SF 

Pervious Areas (Rain Garden/Lawn) 1,452 SF 

Total Pervious Surfaces 1,452 SF 
*Total Remaining Impervious Areas to Bypass Rain 
Garden (Table 1 Total Non-Exempt Impervious – Table 
2 Total Impervious Areas) 

1,448 SF 

*Note: the remaining impervious surfaces that will not flow to the new rain garden facility will sheet flow water 
to adjacent areas. The new sidewalk along the west side of the new restroom facility will sheet flow/disperse 
storm water over a vegetated lawn surface. During high volume stormwater events, any ponded water would 
flow north towards an existing trench drain system that discharges to the stormwater main within Elm Place. 
The new sidewalk along the north side of the new restroom will continue to sheet flow stormwater towards the 
curb and gutter of Elm Place, matching existing conditions. 
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Figure 6 – Rain Garden Sizing Basin Areas 

 

 

In accordance with the Rain Garden Handbook for Western Washington: A Guide for Design, 
Installation, and Maintenance, the following assumptions were made: 

 Rainfall Regions for Western Washington: Region 3 (40 to 50 Inches)  

Design Performance Level Selection: Good (80% of the water)  

Soil Drainage Rates: 0.50 to 0.99 Inches per Hour (See Appendix B) 

Result Sizing Factor: 8% of drainage area 

 

The top surface of the ponded area within the rain garden was sized by multiplying the total 
impervious contributing area by the sizing factor percentage.  

Top Pond Area = 2,520 sf x 8% = 202 sf 

 

Additionally, in accordance with the design guidelines for a rain garden per SWMM BMP T5.14: 

“If lawn/landscape area will also be draining to the rain garden, Ecology recommends 
that the rain garden’s horizontally projected surface area below the overflow be 
increased by 2% of the lawn/landscape area.” 

1,452 sf x 2% = 29 sf 

 

Therefore, a total minimum top surface area of 231 sf. A summary of the proposed rain garden 
is provided below in Table 3. 
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Figure 7 – Rain Garden Sizing Chart 
 

 

Excerpt from the Rain Garden Handbook for Western Washington: A Guide for Design, 
Installation and Maintenance (Hinman et al., 2013) 

 

 

  

Table 3: Rain Garden Design Summary 

Total Proposed Top Surface Area Proposed 408 SF 

Top Pond Elevation 45.77 

Bottom Elevation 44.77 

Side Slopes 2.5:1 

Top Overflow Elevation 46.27 
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Appendix B 
Summary of Native Soil Infiltration Rate for Pioneer Park 

Restroom Upgrade Project 
 

  



 
City of Puyallup__________________ 
Public Works Engineering 
City Hall - 333 S. Meridian Puyallup, WA 98371 – 3rd Floor 

 
 

Technical Memorandum 
 

Date:       October 25th, 2022 
 
MIG  
119 Pine Street, Suite 400 
Seattle, Washington 98101 
 
From:   Drew Young, PE, Capital Improvement Projects  
  CJ Corpuz, Capital Project Inspector 
  Ron Johnson, Capital Project Inspector  
   
To:   Nathan Polanski, PE, Senior Civil Engineer, MIG 
   
 
RE: Summary of Native Soil Infiltration Rate for the Pioneer Park Restroom Upgrade Project 

INTRODUCTION 

This technical report summarizes the results of the City of Puyallup’s subsurface exploration to support 
the redevelopment of the Pioneer Park Restroom project. This project consists of a significant remodel 
of the existing restroom with associated site improvements to support the current and future use of the 
city owned park.  

PURPOSE AND SCOPE 

The purpose of the subsurface exploration was to determine field measured infiltration rates meeting 
the requirements of the Department of Ecology’s 2019 Stormwater Management Manual for Western 
Washington (SWMMWW) for sizing onsite stormwater management systems. While a small‐scale PIT 
test is the minimum required test stated in the 2019 SWMMWW, the City of Puyallup has adopted a 
policy for smaller infill developments to allow for the use of the “Falling Head Percolation Test 
Procedure” (as modified for Pierce County) in lieu of small‐scale PIT tests. This finding is based on the 
fact the Pierce County Stormwater and Site Development Manual has been deemed equivalent by the 
Department of Ecology which allows for the use of this procedure in certain circumstances. In addition, 
because the proposed project only triggers minimum requirements 1 through 5 due to the limited 
amount of impervious surfaces created/replaced as part of the project and based on the fact that a 
redundant system/overflow that would allow for this onsite stormwater facility to function as a 
perforated stub out if infiltration was further reduced, the City has determined that the Falling Head 
Percolation Test Procedure (as modified for Pierce County) will provide an adequate level of accuracy 
needed in determining in‐situ infiltration rate. The following scope was completed as part of the 
exploration: 



 

 Conducted a field exploration that included excavating three test pits and completed falling 
head percolation tests in each test pit. 

 Summarization of findings in the preparation of this technical memorandum.  
 

SITE CONDITIONS 

Site conditions were observed during the required in‐field testing. The testing location was isolated to 
the proposed area for onsite stormwater management as part of the bathroom remodel project. This 
area consists of well‐maintained lawn area directly east of the existing building that is currently 
proposed to be the future location of a rain garden. Three test locations were selected spaced 10 to 15 
feet apart. 
 

 
Photo 1: Test Pit Locations #1, #2, and #3. 

 
Subsurface conditions at the site were evaluated by excavating test pits with hand tools. The first 4 to 6 
inches of each test pit consisted of a sandy fill material with the first 3 inches being the grass root zone. 
Below the 6‐inch fill layer consisted of silty sand that could be characterized as Alluvium deposits which 
is consistent with known soil conditions throughout the area. Some wood debris was found near 18‐
inches below existing grade when excavating test pit 1 and broken glass was found throughout the 
excavation of test pit 2. Test pit 3 showed slightly higher sand content but similar characteristics to the 
soil samples taken with no debris or other items found at time of excavation. Excavation was completed 
at 24‐inches below existing grade for each test pit which is the approximate elevation of the proposed 
bottom of the rain garden for this area. Test pit 3 was over‐excavated following the completion of the 
falling head test to see if any perched water existed below the testing location. No groundwater seepage 
was observed at time of excavation.   
 



INFILTRATION TESTING 

Falling Head Percolation Tests were completed at test pit 1, 2 and 3 in general conformance with the 
Pierce County modified Falling Head Percolation Test Procedure.  
 
Each of the three test pits consisted of a 24‐inch (2 feet) depth hole approximately 8‐inch in diameter. A 
6‐inch PVC pipe was placed approximately 6‐inches into the bottom area of the test pit with 2‐inches of 
washed crushed rock placed inside of the pipe.  
 

 
Photo 2: Test pit 2 infiltration testing. 

 
A soaking period that allows for at least 4 hours of a constant 12‐inch depth of water was completed 
during the following times for each test pit: 
 

Test Pit # 
Soaking Period Date & 

Start Time 
Soaking Period Date & 

End Time 
Total Time (hrs) 

4 hrs min. 

1  10/20/2022 @ 11:40 AM  10/20/2022 @ 4:20 PM  4.6 

2  10/20/2022 @ 12:00 AM  10/20/2022 @ 4:20 PM  4.3 

3  10/24/2022 @ 9:45 AM  10/24/2022 @ 2:00 PM  4.25 

 
A percolation rate measurement is completed following the soaking period with a minimum time to 
complete the test of 15 hours from when the soaking period began to 30 hours maximum. The water 
level is adjusted to 6 inches above the gravel (or 8 inches above the bottom of the hole). The water level 
is measured from a fixed reference point to the nearest 1/16th‐inch at 30‐minute intervals. The test is 
continued until two successive water level drops do not vary by more than 1/16 inch within a 90‐minute 
period.  A minimum of 3 measurements were made at each test pit location. The last water level drop is 
used to calculate field measured percolation rate. 
 



 
Photo 3: Test Pit 2 during percolation period. 

 

Test Pit 1 Percolation Rate Field Testing 

Measurement #  Time of Measurement 
Initial Depth  
(inches) 

Final Depth 
(inches) 

Difference 
(inches) 

1* 
10/21/2022;  

8:18 AM to 8:48 AM 
6‐0”  5‐2/16”  14/16” 

2 
10/21/2022;  

8:50 AM to 9:20 AM 
6‐0”  5‐4/16”  12/16” 

3** 
10/21/2022;  

9:23 AM to 9:53 AM 
6‐0”  5‐4/16”  12/16” 

Final Field Measured Percolation Rate for Test Pit 1 (inches per hour)(If1)  1.5 

*Note: Initial Measurement Taken 20 hours after soaking period began which is within the 15 hours 
to 30 hours acceptable range. 
**Note: Testing completed as it met the criteria of less than 1/16” difference over a 90‐minute 
duration with a minimum of 3 tests completed.  

 

Test Pit 2 Percolation Rate Field Testing 

Measurement #  Time of Measurement 
Initial Depth  
(inches) 

Final Depth 
(inches) 

Difference 
(inches) 

1* 
10/21/2022;  

8:18 AM to 8:50 AM 
6‐1/2”  5‐0”  24/16” 

2 
10/21/2022;  

8:52 AM to 9:22 AM 
6‐0”  5‐0”  16/16” 

3 
10/21/2022;  

9:24 AM to 9:54 AM 
6‐0”  5‐6/16”  10/16” 

4** 
10/21/2022;  

9:57 AM to 10:27 AM 
6‐0”  5‐5/16”  11/16” 

Final Field Measured Percolation Rate for Test Pit 2 (inches per hour) (If2)  1.375 

*Note: Initial Measurement Taken 20 hours after soaking period began which is within the 15 hours 
to 30 hours acceptable range. 
**Note: Testing completed as it met the criteria of less than 1/16” difference over a 90‐minute 
duration with a minimum of 3 tests completed. 

 



 
Test Pit 3 Percolation Rate Field Testing 

Measurement #  Time of Measurement 
Initial Depth  
(inches) 

Final Depth 
(inches) 

Difference 
(inches) 

1* 
10/25/2022;  

9:06 AM to 9:36 AM 
6‐0”  5‐1/16”  15/16” 

2 
10/25/2022;  

9:38 AM to 10:08 AM 
6‐0”  5‐4/16”  12/16” 

3 
10/25/2022;  

10:10 AM to 10:40 AM 
6‐0”  5‐8/16”  8/16” 

4** 
10/25/2022;  

10:42 AM to 11:12 AM 
6‐0”  5‐5/16”  11/16” 

Final Field Measured Percolation Rate for Test Pit 3 (inches per hour)(If3)  1.375 

*Note: Initial Measurement Taken 23 hours after soaking period began which is within the 15 hour to 
30 hour acceptable range. 
**Note: Testing completed as it met the criteria of less than 1/16” difference over a 90 minute 
duration with a minimum of 3 tests completed. 

 
Final Field Infiltration Rate 
Ifield=(If1 + If2 + If3)/3 (Average Rate over the 3 test locations) 
Ifield=(1.5+1.375+1.375) / 3 = 1.42 inches/hour 

DESIGN INFILTRATION RATE (IDESIGN) 

The following equation was applied to field recorded infiltration rates as recommended in the Pierce 
County modified Falling Head Percolation Test to apply the appropriate safety factors for long term 
infiltration rates: 
 
IDesign= (Ifield)x(Ftesting)x(Fgeometry)x(FPlugging) 
 
Ftesting = 0.50 (for smaller scale infiltration tests (falling head test)) 
 
Fgeometry = 4 x D/W + 0.05 (0.25≤ Fgeometry ≤ 1.0);  
 
where D = depth from bottom of proposed facility to maximum wet season water table or nearest 
impervious layer, whichever is less and W = width of facility. D is assumed to be 6 feet (or 8 feet below 
existing grade) however, a value of 2 feet was used as a conservative design approach. W = 6 feet 
(approx. bottom width of rain garden) 
 
Fgeometry = 4 x 2/6 + 0.05 = 1.383 = 1.0 maximum 
 
FPlugging = 0.7 for Loams and Sandy Loams 
 
Therefore, after appropriate safety factors are applied to the field measured percolation rate, the final 
design infiltration rate was utilized for designing the onsite rain garden. 



 
Idesign = (1.42 in/hr) (0.5) (1) (0.7) 
 
Idesign = 0.497 = 0.50 inches per hour 
 

LIST OF REFERENCED ATTACHMENTS 

Attachment 1:   2015 Pierce County Stormwater and Site Development Manual, Volume 3 Hydrologic 
Analysis and Flow Control BMPs, Appendix III‐A, Methods of Determining Design 
Infiltration Rates, Falling Head Percolation Test Procedure (as modified for Pierce 
County) 
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Appendix III-A – 
Methods for Determining Design Infiltration Rates 

Determine Design Infiltration Rate: 
There are three acceptable methods for estimating initial infiltration rates. Each is described in 
detail in this appendix. A safety/correction factor is applied to the initial rate to determine the 
design infiltration rate. Note that the subgrade safety/correction factors in this appendix may not 
apply to bioretention, permeable pavement, and rain gardens. Refer to Sections 3.4, 3.5, and 3.8 
for additional guidance on infiltration testing methods and application of appropriate 
safety/correction factors specific to bioretention, permeable pavement, and rain gardens. 

• Method 1. Field Testing Procedures (must incorporate safety factor) 

o U.S. EPA Falling Head Percolation Test Procedure (as Modified for Pierce 
County). This test applies to all infiltration facilities, but may not be used 
to demonstrate infeasibility of bioretention, permeable pavement, or rain 
gardens in meeting Minimum Requirement #5. 

o Large-Scale Pilot Infiltration Test (PIT). This test applies to infiltration 
facilities with drainage areas greater than one acre and may be used to 
demonstrate infeasibility of bioretention, permeable pavement, or rain 
gardens in meeting Minimum Requirement #5. 

o Small-Scale (PIT). This test applies to infiltration facilities with drainage 
areas less than one acre and may be used to demonstrate infeasibility of 
bioretention, permeable pavement, or rain gardens in meeting Minimum 
Requirement #5. 

• Method 2. USDA Soil Textural Classification. This method only applies to 
projects sites that trigger Minimum Requirement #1 through #5 (not #1 
through #10) AND are underlain by Spanaway soils (as defined by the Soils 
Survey of Pierce County Area, 1979, and field verified by a qualified 
professional). This method may not be used to demonstrate infeasibility of 
bioretention, permeable pavement, or rain gardens in meeting Minimum 
Requirement #5. 

• Method 3. Soil Grain Size Analysis. This method applies to project sites that 
are that are underlain by type A soils (see Appendix III-B Table B.5 Major 
Soil Groups in Pierce County), and may not be used to demonstrate 
infeasibility of bioretention, permeable pavement, or rain gardens in meeting 
Minimum Requirement #5. 

Method 1 – Field Testing Procedures 

• Excavate to the bottom elevation of the proposed infiltration facility. Measure 
the infiltration rate of the underlying soil using either the U.S. EPA falling 
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head percolation test procedure as modified for Pierce County (presented 
below), the double ring infiltrometer test (ASTM D3385, not presented in this 
appendix), or Ecology large and small scale Pilot Infiltration Test (PIT) 
described below and presented in the 2014 Ecology Stormwater Management 
Manual for Western Washington. 

• Fill test hole or apparatus with water and maintain at depths above the test 
elevation for the saturation periods specific for the appropriate test. 

• Following the saturation period, the infiltration rate shall be determined in 
accordance with the specified test procedures. 

• Perform at least three small-scale tests for each proposed infiltration facility 
location to determine a representative infiltration rate. 

• For all field testing procedures, apply safety factor to obtain design 
infiltration rate (see next section). 

Safety Factor for Field Measurements 

The following equation incorporates safety factors to adjust for uncertainties related to 
testing, depth to the water table or impervious strata, infiltration receptor geometry, and 
long-term reductions in permeability due to biological activity and accumulation of fines. 
Note that the safety factors below may not apply to the infiltration testing conducted for 
bioretention, permeable pavement and/or rain gardens (see Sections 3.4, 3.5, and 3.8 for 
additional information). This equation estimates the maximum design infiltration rate, 
Idesign. Additional reduction of the design infiltration rate may be appropriate depending 
on site conditions. In no case may the design infiltration rate exceed 30 inches/hour. 

Idesign = Imeasured x Ftesting x Fgeometry x Fplugging 

Ftesting accounts for uncertainties in the testing methods. For the full scale PIT method, 
Ftesting = 0.75; for the small-scale PIT method, Ftesting = 0.50; for smaller-scale infiltration 
tests such as the double-ring infiltrometer test, Ftesting = 0.40; for grain size analysis, 
Ftesting = 0.40. These values are intended to represent the difference in each test’s ability 
to estimate the actual saturated hydraulic conductivity. The assumption is the larger the 
scale of the test, the more reliable the result. 

Fgeometry accounts for the influence of facility geometry and depth to the water table or 
impervious strata on the actual infiltration rate. A shallow water table or impervious layer 
will reduce the effective infiltration rate of a large pond, but this would not be reflected in 
a small scale test. Fgeometry must be between 0.25 and 1.0 as determined by the following 
equation: 

Fgeometry = 4 D/W + 0.05 

Where: 

 D  =  depth from the bottom of the proposed facility to the maximum wet 
season water table or nearest impervious layer, whichever is less. 

 W  = width of facility 
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Fplugging accounts for reductions in infiltration rates over the long term due to plugging of 
soils. This factor is: 

• 0.7 for loams and sandy loams 

• 0.8 for fine sands and loamy sands 

• 0.9 for medium sands 

• 1.0 for coarse sands or cobbles. 

Falling Head Percolation Test Procedure (as Modified for Pierce County) 
(Source: U.S. EPA, On-site Wastewater Treatment and Disposal Systems, 
1980) 

Note: This test may not be used to demonstrate infeasibility of bioretention, permeable 
pavement, or rain gardens in meeting Minimum Requirement #5. 

1. Number and Location of Tests 

A minimum of three tests shall be performed within the area proposed for an 
absorption system. They shall be spaced uniformly throughout the area. If soil 
conditions are highly variable, more tests may be required. 

2. Preparation of Test Hole (as modified for Pierce County) 

The diameter of each test hole is 8 inches, dug or bored to the proposed depths 
of the absorption systems or to the most limiting soil horizon. To expose a 
natural soil surface, the bottom of the hole is scratched with a sharp pointed 
instrument and the loose material is removed from the test hole. A 6-inch-
inner-diameter, 4-foot long, PVC pipe is set into the hole and pressed into the 
soil 6 inches and then 2 inches of one-half to three-fourths-inch rock are 
placed in the pipe to protect the bottom from scouring when water is added. 

3. Soaking Period 

The pipe is carefully filled with at least 12 inches of clear water. The depth of 
water must be maintained for at least 4 hours and preferably overnight if clay 
soils are present. A funnel with an attached hose or similar device may be 
used to prevent water from washing down the sides of the hole. Automatic 
siphons or float valves may be employed to automatically maintain the water 
level during the soaking period. It is extremely important that the soil be 
allowed to soak for a sufficiently long period of time to allow the soil to swell 
if accurate results are to be obtained. 

In sandy soils with little or no clay, soaking is not necessary. If, after filling 
the pipe twice with 12 inches of water, the water seeps completely away in 
less than 10 minutes, the test can proceed immediately. 

4. Measurement of the Percolation Rate 
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Except for sandy soils, percolation rate measurements are made 15 hours but 
no more than 30 hours after the soaking period began. The water level is 
adjusted to 6 inches above the gravel (or 8 inches above the bottom of the 
hole). At no time during the test is the water level allowed to rise more than 
6 inches above the gravel. Immediately after adjustment, the water level is 
measured from a fixed reference point to the nearest 1/16th-inch at 30 minute 
intervals. The test is continued until two successive water level drops do 
not vary by more than 1/16-inch within a 90-minute period. At least three 
measurements are to be made. 

After each measurement, the water level is readjusted to the 6-inch level. The 
last water level drop is used to calculate the percolation rate. 

In sandy soils or soils in which the first 6 inches of water added after the 
soaking period seeps away in less than 30 minutes, water level measurements 
are made at 10 minute intervals for a 1-hour period. The last water level drop 
is used to calculate the percolation rate. 

5. Calculation of the Percolation Rate 

The percolation rate is calculated for each test site by dividing the time 
interval used between measurements by the magnitude of the last water level 
drop. This calculation results in a percolation rate in terms of minutes/inch. To 
determine the percolation rate for the area, the rates obtained from each hole 
are averaged. (If tests in the area vary by more than 20 minutes/inch, 
variations in soil type are indicated. Under these circumstances, percolation 
rates should not be averaged.) To compute the design infiltration rate 
(Idesign), the final percolation rates must then be adjusted by the 
appropriate safety factors outlined previously. 

Example: If the last measured drop in water level after 30 minutes is five-
eighths-inch, then: 

percolation rate = (30 minutes)/(⅝ inch) = 48 minutes/inch. (At a minimum, a 
safety factor “Ftesting” of 0.5 is be applied to all field methods for determining 
infiltration rates.) 
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Alternative Washington Department of Ecology Infiltration Pit Method 

Large-Scale Pilot Infiltration Test (PIT) 

Large-scale in-situ infiltration measurements, using the Pilot Infiltration Test (PIT) 
described below is the preferred method for estimating the measured (initial) saturated 
hydraulic conductivity (Ksat) of the soil profile beneath the proposed infiltration facility. 
The PIT reduces some of the potential scale errors associated with relatively small-scale 
such as the Modified Falling Head Percolation Test, double ring infiltrometer or “stove-
pipe” infiltration tests. It is not a standard test but rather a practical field procedure 
recommended by Ecology’s Technical Advisory Committee. 

Infiltration Test: 

• Excavate the test pit to the depth of the bottom of the proposed infiltration 
facility. Lay back the slopes sufficiently to avoid caving and erosion during 
the test. Alternatively, consider shoring the sides of the test pit. 

• The horizontal surface area of the bottom of the test pit should be 
approximately 100 square feet.  

• Accurately document the size and geometry of the test pit. 

• Install a vertical measuring rod (minimum 5 feet long) marked in half-inch 
increments in the center of the pit bottom. 

• Use a rigid 6-inch diameter pipe with a splash plate on the bottom to convey 
water to the pit and reduce side-wall erosion or excessive disturbance of 
the pond bottom. Excessive erosion and bottom disturbance will result in 
clogging of the infiltration receptor and yield lower than actual infiltration 
rates. 

• Add water to the pit at a rate that will maintain a water level between 6 and 
12 inches above the bottom of the pit. A rotameter can be used to measure the 
flow rate into the pit. 

Note: For infiltration facilities serving large drainage areas, designs with multiple feet of 
standing water can have infiltration tests with greater than 1 foot of standing water. The 
depth must not exceed the proposed maximum depth of water expected in the completed 
facility.  

Every 15 to 30 minutes, record the cumulative volume and instantaneous flow rate 
in gallons per minute necessary to maintain the water level at the same point on the 
measuring rod. 

Add water to the pit until 1 hour after the flow rate into the pit has stabilized (constant 
flow rate; a goal of 5 percent variation or less variation in the total flow) while 
maintaining the same pond water level (usually 6 hours). The total of the pre-soak time 
plus one hour after the flow rate has stabilized should be no less than 6 hours. 
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After the flow rate has stabilized for at least 1 hour, turn off the water and record the rate 
of infiltration (the drop rate of the standing water) in inches per hour from the measuring 
rod data, until the pit is empty. Consider running this falling head phase of the test several 
times to estimate the dependency of infiltration rate with head. 

Data Analysis: 

Calculate and record the infiltration rate in inches per hour in 30 minutes or 1-hour 
increments until 1 hour after the flow has stabilized. 

Note: Use statistical/trend analysis to obtain the hourly flow rate when the flow 
stabilizes. This would be the lowest hourly flow rate. 

To compute the design infiltration rate (Idesign), apply appropriate safety factors outlined 
previously. 

Example: 

The area of the bottom of the test pit is 8.5-feet by 11.5-feet. 

Water flow rate was measured and recorded at intervals ranging from 15 to 30 minutes 
throughout the test. Between 400 minutes and 1,000 minutes, the flow rate stabilized 
between 10 and 12.5 gallons per minute or 600 to 750 gallons per hour, or an average of 
(9.8 + 12.3) / 2 = 11.1 inches per hour. 

To compute the design infiltration rate (Idesign), the infiltration rate must then be 
adjusted by the appropriate safety factors outlined previously. 

Small-Scale Pilot Infiltration Test 

A smaller-scale PIT can be used in any of the following instances: 

• The drainage area to the infiltration site is less than one acre 

• The testing is for bioretention areas or permeable pavement surfaces that 
either serve small drainage areas and/or are widely dispersed throughout a 
project site 

• The site has a high infiltration rate, making a large-scale PIT difficult, and the 
site geotechnical investigation suggests uniform subsurface characteristics.  

Infiltration Test 

• Excavate the test pit to the estimated surface elevation of the proposed 
infiltration facility. In the case of bioretention, excavate to the estimated 
elevation at which the imported soil mix will lie on top of the underlying 
native soil. For permeable pavement, excavate to the elevation at which 
the imported subgrade materials, or the pavement itself, will contact the 
underlying native soil. If the native soils (road subgrade) will have to meet 
a minimum subgrade compaction requirement, compact the native soil to 
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that requirement prior to testing. Note that the permeable pavement design 
guidance recommends compaction not exceed 90 – 92 percent. Finally, 
lay back the slopes sufficiently to avoid caving and erosion during the test. 
Alternatively, consider shoring the sides of the test pit. 

• The horizontal surface area of the bottom of the test pit should be 12 to 
32 square feet. It may be circular or rectangular, but accurately document 
the size and geometry of the test pit. 

• Install a vertical measuring rod adequate to measure the ponded water depth 
and that is marked in half-inch increments in the center of the pit bottom. 

• Use a rigid pipe with a splash plate on the bottom to convey water to the pit 
and reduce side-wall erosion or excessive disturbance of the pond bottom. 
Excessive erosion and bottom disturbance will result in clogging of the 
infiltration receptor and yield lower than actual infiltration rates. Use a 3 inch 
diameter pipe for pits on the smaller end of the recommended surface area, 
and a 4 inch pipe for pits on the larger end of the recommended surface area.  

• Pre-soak period: Add water to the pit so that there is standing water for at least 
6 hours. Maintain the pre-soak water level at least 12 inches above the bottom 
of the pit.  

• At the end of the pre-soak period, add water to the pit at a rate that will 
maintain a 6-12 inch water level above the bottom of the pit over a full hour. 
The depth should not exceed the proposed maximum depth of water expected 
in the completed facility.  

• Every 15 minutes, record the cumulative volume and instantaneous flow rate 
in gallons per minute necessary to maintain the water level at the same point 
(between 6 – 12 inches) on the measuring rod. The specific depth should be 
the same as the maximum designed ponding depth (usually 6 – 12 inches). 

• After one hour, turn off the water and record the rate of infiltration (the drop 
rate of the standing water) in inches per hour from the measuring rod data, 
until the pit is empty. 

• A self-logging pressure sensor may also be used to determine water depth and 
drain-down. 

Data Analysis 

See the explanation under the guidance for large-scale pilot infiltration tests. 
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Method 2 – USDA Soil Textural Classification 
Infiltration rates may be estimated from soil grain size distribution (gradation) data using 
the USDA textural analysis approach. Conduct the grain size distribution test in 
accordance with the USDA test procedure (Soil Survey Manual, USDA, October 1993, 
page 136). This manual only considers soil passing the US #10 sieve to determine 
percentages of sand, silt, and clay for use in Figure A.1. This method may only be 
applied to projects sites that trigger Minimum Requirement #1 through #5 and that 
are underlain by Spanaway soils (as defined by the Soils Survey of Pierce County 
Area, 1979, and field verified by a qualified professional).  

Short-term (field) infiltration rates, required correction factors, and design (long-term) 
infiltration rates based on gradations from soil samples and textural analysis are 
summarized in Table A.1. With prior approval by Pierce County, the correction factors 
may be reduced (to a minimum of 2.0) if there is little soil variability, there will be a high 
degree of long-term facility maintenance, and there is adequate pretreatment to reduce 
total suspended solids in influent stormwater. 

Table A.1. Recommended Infiltration Rates  
Based on USDA Soil Textural Classification. 

 

Short-Term 
Infiltration Rate 

(in./hr)1 

Correction 
Factor 

CF 

Estimated Design 
(Long-term) Infiltration Rate 

(in./hr) 

Clean sandy gravels and gravelly sands 
(i.e., 90% of the total soil sample is 
retained in the US #10 sieve) 

20 2 10 

Sand 8 4 2 
Loamy Sand 2 4 0.5 
Sandy Loam 1 4 0.25 
Loam 0.5 4 0.13 

Source: Stormwater Management Manual for Western Washington (Ecology 2005). 
1 From WEF/ASCE (1998). 
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Figure A.1. USDA Textural Triangle. 

Shaded area is applicable for design of infiltration BMPs Source: USDA 
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Method 3 – Soil Grain Size Analysis Method 
For each defined layer below the infiltration basin to a depth below the pond bottom of 
2.5 times the maximum depth of water in the pond, but not less than 10 feet, estimate the 
initial saturated hydraulic conductivity (Ksat) in cm/sec using the following relationship 
(see Massmann 2003). This method may only be applied to project sites that are 
underlain by type A soils. See Appendix III-B Table B.5 Major Soil Groups in 
Pierce County. 

For large infiltration facilities serving drainage areas of 10 acres or more, soil grain size 
analyses should be performed on layers up to 50 feet deep (or no more than 10 feet below 
the water table). 

 
 

Where, D10, D60, and D90 are the grain sizes in mm for which 10 percent, 60 percent, and 
90 percent of the sample is more fine and ffines is the fraction of the soil (by weight) that 
passes the US #200 sieve (Ksat is in cm/s). 

For bioretention areas, analyze each defined layer below the top of the final bioretention 
area subgrade to a depth of at least 3 times the maximum ponding depth, but not less than 
3 feet (1 meter). For permeable pavement, analyze for each defined layer below the top of 
the final subgrade to a depth of at least 3 times the maximum ponding depth within the 
base (reservoir) course, but not less than 3 feet (1 meter).  

If the licensed professional conducting the investigation determines that deeper layers 
will influence the rate of infiltration for the facility, soil layers at greater depths must be 
considered when assessing the site’s hydraulic conductivity characteristics. Massmann 
(2003) indicates that where the water table is deep, soil or rock strata up to 100 feet 
below an infiltration facility can influence the rate of infiltration. Note that only the 
layers near and above the water table or low permeability zone (e.g., a clay, dense glacial 
till, or rock layer) need to be considered, as the layers below the groundwater table or low 
permeability zone do not significantly influence the rate of infiltration. Also note that this 
equation for estimating Ksat assumes minimal compaction consistent with the use of 
tracked (i.e., low to moderate ground pressure) excavation equipment.  

If the soil layer being characterized has been exposed to heavy compaction (e.g., due to 
heavy equipment with narrow tracks, narrow tires, or large lugged, high pressure tires) 
the hydraulic conductivity for the layer could be approximately an order of magnitude 
less than what would be estimated based on grain size characteristics alone (Pitt, 2003). 
In such cases, compaction effects must be taken into account when estimating hydraulic 
conductivity.  

For clean, uniformly graded sands and gravels, the reduction in Ksat due to compaction 
will be much less than an order of magnitude. For well-graded sands and gravels with 
moderate to high silt content, the reduction in Ksat will be close to an order of magnitude. 

fines90601010 2.08f- 0.013 - 0.015+ 1.90+-1.57)(log DDDKsat = (1) 



PIERCE COUNTY STORMWATER and SITE DEVELOPMENT MANUAL 

 

December 2015 Volume III – Hydrologic Analysis and Flow Control BMPs A-11 

For soils that contain clay, the reduction in Ksat could be greater than an order of 
magnitude. 

If greater certainty is desired, the in-situ saturated conductivity of a specific layer can be 
obtained through the use of a pilot infiltration test (PIT). Note that these field tests 
generally provide a Ksat combined with a hydraulic gradient. In some of these tests, the 
hydraulic gradient may be close to 1.0; therefore, in effect, the test infiltration rate result 
is the same as the hydraulic conductivity. In other cases, the hydraulic gradient may be 
close to the gradient that is likely to occur in the full-scale infiltration facility. The 
hydraulic gradient will need to be evaluated on a case-by-case basis when interpreting the 
results of field tests. It is important to recognize that the gradient in the test may not be 
the same as the gradient likely to occur in the full-scale infiltration facility in the long-
term (i.e., when groundwater mounding is fully developed). 

Once the Ksat for each layer has been identified, determine the effective average Ksat 
below the pond. Ksat estimates from different layers can be combined using the harmonic 
mean: 

 

 

 

Where, d is the total depth of the soil column, di is the thickness of layer “i” in the soil 
column, and Ki is the saturated hydraulic conductivity of layer “i” in the soil column. The 
depth of the soil column, d, typically would include all layers between the pond bottom 
and the water table. However, for sites with very deep water tables (>100 feet) where 
groundwater mounding to the base of the pond is not likely to occur, it is recommended 
that the total depth of the soil column in Equation 2 be limited to approximately 20 times 
the depth of pond, but not more than 50 feet. This is to ensure that the most important and 
relevant layers are included in the hydraulic conductivity calculations. Deep layers that 
are not likely to affect the infiltration rate near the pond bottom should not be included in 
Equation 2.  

Equation 2 may over-estimate the effective Ksat value at sites with low conductivity 
layers immediately beneath the infiltration basin. For sites where the lowest conductivity 
layer is within five feet of the base of the pond, it is suggested that this lowest Ksat value 
be used as the equivalent hydraulic conductivity rather than the value from Equation 2. 
Using the layer with the lowest Ksat is advised for designing bioretention areas or 
permeable pavement surfaces. The harmonic mean given by Equation 2 is the appropriate 
effective hydraulic conductivity for flow that is perpendicular to stratigraphic layers, and 
will produce conservative results when flow has a significant horizontal component such 
as could occur due to groundwater mounding. 

  

∑
=

i

i
equiv

K
d

dK (2) 
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Recommended Modifications to ASTM D 2434 When Measuring 
Hydraulic Conductivity for Bioretention Soil Mixes 

Developed by the City of Seattle in cooperation with local soils laboratories. 

Proctor method ASTM D1557 Method C (6-inch mold) and ASTM D2434 shall be used 
to determine the hydraulic conductivity of bioretention soil samples with a compaction 
rate of 85 percent. Sample preparation for the Proctor test (ASTM D1557 Method C) 
shall be amended in the following ways: 

1) Maximum grain size within the sample shall be no more than 0.5 inches in 
size. 

2) Snip larger organic particles (if present) into 0.5 inch long pieces. 

3) When adding water to the sample during the Proctor test, allow the sample to 
pre-soak for at least 48 hours to allow the organics to fully saturate before 
compacting the sample. This pre-soak ensures the organics have been fully 
saturated at the time of the test. 

ASTM D2434 shall be used and amended in the following ways: 

1) Apparatus: 

a. 6-inch mold size shall be used for the test 

b. If using porous stone disks for the testing, the permeability of the stone 
disk shall be measured before and after the soil tests to ensure clogging or 
decreased permeability has not occurred during testing 

c. Use the confined testing method, with 5- to 10-pound force spring 

d. Use de-aired water. 

2) Sample: 

a. Maximum grain size within the sample shall not be more than 0.5inch in 
size. 

b. Snip larger organic particles (if present) into 0.5inch long pieces. 

c. Pre-soak the sample for at least 48 hours prior to loading it into the mold. 
During the pre-soak, the moisture content shall be higher than optimum 
moisture but less than full saturation (i.e., there shall be no free water). 
This pre-soak ensures the organics have been fully saturated at the time of 
the test. 

3) Preparation of Sample: 

a. Place soil in cylinder via a scoop. 
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b. Place soil in 1-inch lifts and compact using a 2-inch-diameter round 
tamper. Pre-weigh how much soil is necessary to fill 1-inch lift at 85 
percent of maximum dry density, then tamp to 1-inch thickness. Once 
mold is full, verify that density is at 85 percent of maximum dry density (+ 
or – 0.5 percent). Apply vacuum (20 inches Hg) for 15 minutes before 
inundation. 

c. Inundate sample slowly under a vacuum of 20 inches Hg over a period of 
60 to 75 minutes. 

d. Slowly remove vacuum (> 15 seconds). 

e. Sample shall be soaked in the mold for 24 to 72 hours before starting test. 

1) Procedure: 

a. The permeability test shall be conducted over a range of hydraulic 
gradients between 0.1 and 2 

b. Steady state flow rates shall be documented for four consecutive 
measurements before increasing the head 

c. The permeability test shall be completed within 1 day (1-day test 
duration). 



 

 

Appendix C 
Recommended Source Control BMPs 

 

 



S454 BMPs for Preventive Maintenance / Good 
Housekeeping
Preventative maintenance and good housekeeping practices reduce the potential for stormwater to 
come into contact with pollutants and can reduce maintenance intervals for the drainage system and 
sewer system.

Applicable BMPs:

 l Prevent the discharge of unpermitted liquid or solid wastes, process wastewater, and sewage 
to ground or surface water, or to storm drains that discharge to surface water, or to the 
ground. Conduct all oily parts cleaning, steam cleaning, or pressure washing of equipment or 
containers inside a building, or on an impervious contained area, such as a concrete pad. Dir-
ect contaminated stormwater from such an area to a sanitary sewer where allowed by local 
sewer authority, or to other approved treatment.

 l Promptly contain and clean up solid and liquid pollutant leaks and spills including oils, solvents, 
fuels, and dust from manufacturing operations on an exposed soil, vegetation, or paved area.

 l If a contaminated surface must be pressure washed, collect the resulting washwater for 
proper disposal (usually involves plugging storm drains, or otherwise preventing discharge 
and pumping or vactoring up washwater, for discharge to sanitary sewer or for vactor truck 
transport to a waste water treatment plant for disposal).

 l Do not hose down pollutants from any area to the ground, storm drains, conveyance ditches, 
or receiving water. Convey pollutants before discharge to a treatment system approved by the 
local jurisdiction.

 l Sweep all appropriate surfaces with vacuum sweepers quarterly, or more frequently as 
needed, for the collection and disposal of dust and debris that could contaminate stormwater. 
Use mechanical sweepers, and manual sweeping as necessary to access areas that a 
vacuum sweeper can't reach to ensure that all surface contaminants are routinely removed.

 l Do not pave over contaminated soil unless it has been determined that ground water has not 
been and will not be contaminated by the soil. Call Ecology for assistance.

 l Construct impervious areas that are compatible with the materials handled. Portland cement 
concrete, asphalt, or equivalent material may be considered.

 l Use drip pans to collect leaks and spills from industrial/commercial equipment such as cranes 
at ship/boat building and repair facilities, log stackers, industrial parts, trucks and other 
vehicles stored outside.

 l At industrial and commercial facilities, drain oil and fuel filters before disposal. Discard empty 
oil and fuel filters, oily rags, and other oily solid waste into appropriately closed and properly 
labeled containers, and in compliance with the Uniform Fire Code or International Building 
Code.

 l For the storage of liquids use containers, such as steel and plastic drums, that are rigid and 
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durable, corrosion resistant to the weather and fluid content, non-absorbent, water tight, 
rodent-proof, and equipped with a close fitting cover.

 l For the temporary storage of solid wastes contaminated with liquids or other potential polluted 
materials use dumpsters, garbage cans, drums, and comparable containers, which are dur-
able, corrosion resistant, non-absorbent, non-leaking, and equipped with either a solid cover 
or screen cover to prevent littering. If covered with a screen, the container must be stored 
under a roof or other form of adequate cover.

 l Where exposed to stormwater, use containers, piping, tubing, pumps, fittings, and valves that 
are appropriate for their intended use and for the contained liquid.

 l Clean oils, debris, sludge, etc. from all stormwater facilities regularly, including catch basins, 
settling/detention basins, oil/water separators, boomed areas, and conveyance systems to 
prevent the contamination of stormwater. Refer to Ecology Requirements for Generators of 
Dangerous Wastes in I-2.15 Other Requirements for references to assist in handling poten-
tially dangerous waste.

 l Promptly repair or replace all substantially cracked or otherwise damaged paved secondary 
containment, high-intensity parking, and any other drainage areas, subjected to pollutant 
material leaks or spills. Promptly repair or replace all leaking connections, pipes, hoses, 
valves, etc., which can contaminate stormwater.

 l Do not connect floor drains in potential pollutant source areas to storm drains, surface water, 
or to the ground.

Recommended BMPs:

 l Where feasible, store potential stormwater pollutant materials inside a building or under a 
cover and/or containment.

 l Minimize use of toxic cleaning solvents, such as chlorinated solvents, and other toxic chem-
icals.

 l Use environmentally safe raw materials, products, additives, etc. such as substitutes for zinc 
used in rubber production.

 l Recycle waste materials such as solvents, coolants, oils, degreasers, and batteries to the max-
imum extent feasible. Contact Ecology's Hazardous Waste & Toxics Reduction Program at 
https://ecology.wa.gov/About-us/Get-to-know-us/Our-Programs/Hazardous-Waste-Toxics-
Reduction for recommendations on recycling or disposal of vehicle waste liquids and other 
waste materials.

 l Empty drip pans immediately after a spill or leak is collected in an uncovered area.

 l Stencil warning signs at stormwater catch basins and drains, e.g., “Dump no waste – Drains 
to waterbody”.

 l Use solid absorbents, e.g., clay and peat absorbents and rags for cleanup of liquid spills/leaks, 
where practicable.

 l Promptly repair/replace/reseal damaged paved areas at industrial facilities.
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 l Recycle materials, such as oils, solvents, and wood waste, to the maximum extent prac-
ticable.

Note: Evidence of stormwater contamination by oils and grease can include the presence of visible 
sheen, color, or turbidity in the runoff, or present or historical operational problems at the facility. 
Operators can use simple pH tests, for example with litmus or pH paper. These tests can screen for 
high or low pH levels (anything outside a 6.5-8.5 range) due to contamination in stormwater.

S455 BMPs for Spill Prevention and Cleanup
Description of Pollutant Sources: Spills and leaks can damage public infrastructure, interfere 
with sewage treatment, and cause a threat to human health or the environment. Spills are often pre-
ventable if appropriate chemical and waste handling techniques are practiced effectively and the spill 
response plan is immediately implemented. Additional spill control requirements may be required 
based on the specific activity occurring on site. 

Applicable BMPs:

Spill Prevention

 l Clearly label or mark all containers that contain potential pollutants.

 l Store and transport liquid materials in appropriate containers with tight-fitting lids.

 l Place drip pans underneath all containers, fittings, valves, and where materials are likely to 
spill or leak.

 l Use tarpaulins, ground cloths, or drip pans in areas where materials are mixed, carried, and 
applied to capture any spilled materials. 

 l Train employees on the safe techniques for handling materials used on the site and to check 
for leaks and spills.

Spill Plan

 l Develop and implement a spill plan and update it annually or whenever there is a change in 
activities or staff responsible for spill cleanup. Post a written summary of the plan at areas with 
a high potential for spills, such as loading docks, product storage areas, waste storage areas, 
and near a phone. The spill plan may need to be posted at multiple locations. Describe the 
facility, including the owner's name, address, and telephone number; the nature of the facility 
activity; and the general types of chemicals used at the facility.

 l Designate spill response employees to be on-site during business activities. Provide a current 
list of the names and telephone numbers (home and office) of designated spill response 
employees who are responsible for implementing the spill plan. 

 l Provide a site plan showing the locations of storage areas for chemicals, inlets/catch basins, 
spill kits and other relevant infrastructure or materials information. 

 l Describe the emergency cleanup and disposal procedures. Note the location of all spill kits in 
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intercepting surface drainage to retain their diversion shape and capability.

 l Use temporary erosion and sediment control measures or re-vegetate as necessary to pre-
vent erosion during ditch reshaping.

 l Do not leave ditch cleanings on the roadway surfaces. Sweep, collect, and dispose of dirt and 
debris remaining on the pavement at the completion of ditch cleaning operations as described 
below:

 o Consider screening roadside ditch cleanings, not contaminated by spills or other 
releases and not associated with a stormwater treatment system such as a bioswale, to 
remove litter. Separate screenings into soil and vegetative matter (leaves, grass, 
needles, branches, etc.) categories. Compost or dispose of the vegetative matter in a 
municipal waste landfill. Consult with the jurisdictional health department to discuss use 
or disposal options for the soil portion. For more information, see Appendix IV-B: Man-
agement of Street Waste Solids and Liquids.

 o Roadside ditch cleanings contaminated by spills or other releases known or suspected 
to contain dangerous waste must be handled following the Dangerous Waste Regu-
lations (Chapter 173 303 WAC). If testing determines materials are not dangerous 
waste but contaminants are present, consult with the jurisdictional health department 
for disposal options.

 l Examine culverts on a regular basis for scour or sedimentation at the inlet and outlet, and 
repair as necessary. Give priority to those culverts conveying perennial and/or salmon-bear-
ing streams and culverts near streams in areas of high sediment load, such as those near sub-
divisions during construction. Maintain trash racks to avoid damage, blockage, or erosion of 
culverts.

Recommended Treatment BMPs:

Install biofiltration swales and filter strips (see V-7 Biofiltration BMPs) to treat roadside runoff 
wherever practicable and use engineered topsoils wherever necessary to maintain adequate veget-
ation. These systems can improve infiltration and stormwater pollutant control upstream of roadside 
ditches.

S417 BMPs for Maintenance of Stormwater 
Drainage and Treatment Systems
Description of Pollutant Sources: Facilities include roadside catch basins on arterials and within 
residential areas, conveyance systems, detention facilities such as ponds and vaults, oil/water sep-
arators, biofilters, settling basins, infiltration systems, and all other types of stormwater treatment sys-
tems presented in Volume V. Oil and grease, hydrocarbons, debris, heavy metals, sediments and 
contaminated water are found in catch basins, oil and water separators, settling basins, etc.

Pollutant Control Approach: Provide maintenance and cleaning of debris, sediments, and other 
pollutants from stormwater collection, conveyance, and treatment systems to maintain proper oper-
ation.
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Applicable Operational BMPs:

Maintain stormwater treatment facilities per the operations and maintenance (O&M) procedures 
presented in Appendix V-A: BMP Maintenance Tables in addition to the following BMPs:

 l Inspect and clean treatment BMPs, conveyance systems, and catch basins as needed, and 
determine necessary O&M improvements.

 l Promptly repair any deterioration threatening the structural integrity of stormwater facilities. 
These include replacement of clean-out gates, catch basin lids, and rock in emergency spill-
ways.

 l Ensure adequacy of  storm sewer capacities and prevent heavy sediment discharges to the 
sewer system.

 l Regularly remove debris and sludge from BMPs used for peak-rate control, treatment, etc. 
and discharge to a sanitary sewer if approved by the sewer authority, or truck to an appro-
priate local or state government approved disposal site.

 l Clean catch basins when the depth of deposits reaches 60 percent of the sump depth as 
measured from the bottom of basin to the invert of the lowest pipe into or out of the basin. 
However, in no case should there be less than six inches clearance from the debris surface to 
the invert of the lowest pipe. Some catch basins (for example, WSDOT's Catch Basin Type 1L 
(WSDOT, 2011)) may have as little as 12 inches sediment storage below the invert. These 
catch basins need frequent inspection and cleaning to prevent scouring. Where these catch 
basins are part of a stormwater collection and treatment system, the system owner/operator 
may choose to concentrate maintenance efforts on downstream control devices as part of a 
systems approach.

 l Properly dispose of all solids, polluted material, and stagnant water collected through system 
cleaning.  Do not decant water back into the drainage system from eductor trucks or vacuum 
equipment since there may be residual contaminants in the cleaning equipment.  Do not jet 
material downstream into the public drainage system.

 l Clean woody debris in a catch basin as frequently as needed to ensure proper operation of 
the catch basin.

 l Post warning signs; “Dump No Waste - Drains to Ground Water,” “Streams,” “Lakes,” or 
emboss on or adjacent to all storm drain inlets where possible.

 l Disposal of sediments and liquids from the catch basins must comply with Appendix IV-B: 
Management of Street Waste Solids and Liquids.

S421 BMPs for Parking and Storage of Vehicles 
and Equipment
Description of Pollutant Sources: Public and commercial parking lots such as retail store, fleet 
vehicle (including rent-a-car lots and car dealerships), equipment sale and rental parking lots, and 
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can cause air pollution include grain dust, sawdust, coal, gravel, crushed rock, cement, and boiler fly 
ash. Air emissions can contaminate stormwater. The objective of this BMP is to reduce the storm-
water pollutants caused by dust generation and control.

Pollutant Control Approach: Prevent dust generation and emissions where feasible, regularly 
clean-up dust that can contaminate stormwater, and convey dust contaminated stormwater to 
proper treatment.

Applicable BMPs:

 l Clean, as needed, powder material handling equipment and vehicles.

 l Regularly sweep dust accumulation areas that can contaminate stormwater. Conduct sweep-
ing using vacuum filter equipment to minimize dust generation and to ensure optimal dust 
removal.

 l Use dust filtration/collection systems such as baghouse filters, cyclone separators, etc. to con-
trol vented dust emissions that could contaminate stormwater. Control of zinc dusts in rubber 
production is one example.

 l Maintain on-site controls to prevent vehicle track-out.

 l Maintain dust collection devices on a regular basis.

Recommended BMPs:

 l In manufacturing operations, train employees to handle powders carefully to prevent gen-
eration of dust.

 l Use water spray to flush dust accumulations to sanitary sewers where allowed by the local 
sewer authority or to other appropriate treatment system.

 l Use approved dust suppressants such as those listed in Methods for Dust Control (Ecology, 
2016b). Application of some products may not be appropriate in close proximity to receiving 
waters or conveyances close to receiving waters. For more information check with Ecology or 
the local jurisdiction.

Recommended Treatment BMPs

Install sedimentation basins, wet ponds, wet vaults, catch basin filters, vegetated filter strips, or equi-
valent sediment removal BMPs.

S411 BMPs for Landscaping and Lawn / Vegetation 
Management
Description of Pollutant Sources: Landscaping can include grading, soil transfer, vegetation 
planting, and vegetation removal. Examples include weed control on golf course lawns, access 
roads, and utility corridors and during landscaping; and residential lawn/plant care. Proper man-
agement of vegetation can minimize excess nutrients and pesticides. 
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Pollutant Control Approach: Maintain appropriate vegetation to control erosion and the dis-
charge of stormwater pollutants. Prevent debris contamination of stormwater. Where practicable, 
grow plant species appropriate for the site, or adjust the soil properties of the site to grow desired 
plant species.

Applicable BMPs:

 l Install engineered soil/landscape systems to improve the infiltration and regulation of storm-
water in landscaped areas.

 l Select the right plants for the planting location based on proposed use, available main-
tenance,soil conditions, sun exposure, water availability, height, sight factors, and space avail-
able.

 l Ensure that plants selected for planting are not on the noxious weed list. For example, but-
terfly bush often gets planted as an ornamental but is actually on the noxious weed list.

The Washington State Noxious Weed List can be found at the following webpage:

https://www.nwcb.wa.gov/printable-noxious-weed-list

 l Do not dispose of collected vegetation into waterways or storm sewer systems.

 l Do not blow vegetation or other debris into the drainage system.

 l Dispose of collected vegetation such as grass clippings, leaves, sticks by composting or recyc-
ling.

 l Remove, bag, and dispose of class A & B noxious weeds in the garbage immediately.

 l Do not compost noxious weeds as it may lead to spreading through seed or fragment if the 
composting process is not hot enough.

 l Use manual and/or mechanical methods of vegetation removal (pincer-type weeding tools, 
flame weeders, or hot water weeders as appropriate) rather than applying herbicides, where 
practical.

 l Use at least an eight-inch "topsoil" layer with at least 8 percent organic matter to provide a suf-
ficient vegetation-growing medium.

 o Organic matter is the least water-soluble form of nutrients that can be added to the soil. 
Composted organic matter generally releases only between 2 and 10 percent of its total 
nitrogen annually, and this release corresponds closely to the plant growth cycle. 
Return natural plant debris and mulch to the soil, to continue recycling nutrients indef-
initely.

 l Select the appropriate turfgrass mixture for the climate and soil type.

 o Certain tall fescues and rye grasses resist insect attack because the symbiotic endo-
phytic fungi found naturally in their tissues repel or kill common leaf and stem-eating 
lawn insects.
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 n The fungus causes no known adverse effects to the host plant or to humans.

 n Tall fescues and rye grasses do not repel root-feeding lawn pests such as Crane 
Fly larvae.

 n Tall fescues and rye grasses are toxic to ruminants such as cattle and sheep

 o Endophytic grasses are commercially available; use them in areas such as parks or golf 
courses where grazing does not occur.

 o Local agricultural or gardening resources such as Washington State University Exten-
sion office can offer advice on which types of grass are best suited to the area and soil 
type.

 l Use the following seeding and planting BMPs, or equivalent BMPs, to obtain information on 
grass mixtures, temporary and permanent seeding procedures, maintenance of a recently 
planted area, and fertilizer application rates: BMP C120: Temporary and Permanent Seeding, 
BMP C121: Mulching, BMP C123:  Plastic Covering, and BMP C124:  Sodding.

 l Adjusting the soil properties of the subject site can assist in selection of desired plant species. 
Consult a soil restoration specialist for site-specific conditions.

Recommended Additional BMPs:

 l Conduct mulch-mowing whenever practicable.

 l Use native plants in landscaping. Native plants do not require extensive fertilizer or pesticide 
applications. Native plants may also require less watering.

 l Use mulch or other erosion control measures on soils exposed for more than one week during 
the dry season (May 1 to September 30) or two days during the rainy season (October 1 to 
April 30).

 l Till a topsoil mix or composted organic material into the soil to create a well-mixed transition 
layer that encourages deeper root systems and drought-resistant plants.

 l Apply an annual topdressing application of 3/8” compost. Amending existing landscapes and 
turf systems by increasing the percent organic matter and depth of topsoil can:

 o Substantially improve the permeability of the soil.

 o Increase the disease and drought resistance of the vegetation.

 o Reduces the demand for fertilizers and pesticides.

 l Disinfect gardening tools after pruning diseased plants to prevent the spread of disease.

 l Prune trees and shrubs in a manner appropriate for each species.

 l If specific plants have a high mortality rate, assess the cause and replace with another more 
appropriate species.

 l When working around and below mature trees, follow the most current American National 
Standards Institute (ANSI) ANSI A300  standards (see 
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http://www.tcia.org/TCIA/BUSINESS/ANSI_A300_Standards_/TCIA/BUSINESS/A300_
Standards/A300_Standards.aspx?hkey=202ff566-4364-4686-b7c1-2a365af59669) and 
International Society of Arboriculture BMPs to the extent practicable (e.g., take care to min-
imize any damage to tree roots and avoid compaction of soil).

 l Monitor tree support systems (stakes, guys, etc.).

 o Repair and adjust as needed to provide support and prevent tree damage.

 o Remove tree supports after one growing season or maximum of 1 year.

 o Backfill stake holes after removal.

 l When continued, regular pruning (more than one time during the growing season) is required 
to maintain visual sight lines for safety or clearance along a walk or drive, consider relocating 
the plant to a more appropriate location.

 l Make reasonable attempts to remove and dispose of class C noxious weeds.

 l Re-seed bare turf areas until the vegetation fully covers the ground surface.

 l Watch for and respond to new occurrences of especially aggressive weeds such as Him-
alayan blackberry, Japanese knotweed, morning glory, English ivy, and reed canary grass to 
avoid invasions.

 l Plant and protect trees per BMP T5.16: Tree Retention and Tree Planting.

 l Aerate lawns regularly in areas of heavy use where the soil tends to become compacted. Con-
duct aeration while the grasses in the lawn are growing most vigorously. Remove layers of 
thatch greater than ¾-inch deep.

 l Set the mowing height at the highest acceptable level and mow at times and intervals 
designed to minimize stress on the turf. Generally mowing only 1/3 of the grass blade height 
will prevent stressing the turf.

 o Mowing is a stress-creating activity for turfgrass.

 o Grass decreases its productivity when mowed too short and there is less growth of 
roots and rhizomes. The turf becomes less tolerant of environmental stresses, more dis-
ease prone and more reliant on outside means such as pesticides, fertilizers, and irrig-
ation to remain healthy.

Additional BMP Information:

 l King County's Best Management Practices for Golf Course Development and Operation 
(King County, 1993) has additional BMPs for Turfgrass Maintenance and Operation.

 l King County, Seattle Public Utilities, and the Saving Water Partnership have created the fol-
lowing natural lawn and garden care resources that include guidance on building healthy soil 
with compost and mulch, selecting appropriate plants, watering, using alternatives to pesti-
cides, and implementing natural lawn care techniques.
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 n Natural Yard Care - Five steps to make your piece of the planet a healthier place to live 
(King County and SPU, 2008)

 n The Natural Lawn & Garden Series: Smart Watering (Saving Water Partnership, 2006)

 n Natural Lawn Care for Western Washington (Saving Water Partnership, 2007)

 n The Natural Lawn & Garden Series: Growing Healthy Soil; Choosing the Right Plants; 
and Natural Pest, Weed and Disease Control (Saving Water Partnership, 2012)

 l The International Society of Arboriculture (ISA) is a group that promotes the professional prac-
tice of arboriculture and fosters a greater worldwide awareness of the benefits of trees 
through research, technology, and education. ISA standards used for managing trees, 
shrubs, and other woody plants are the American National Standards Institute (ANSI) A300 
standards. The ANSI A300 standards are voluntary industry consensus standards developed 
by the Tree Care Industry Association (TCIA) and written by the Accredited Standards Com-
mittee (ASC). The ANSI standards can be found on the ISA website: www.isa-arbor.-
com/education/publications/index.aspx

 l Washington State University's Gardening in Washington State website at http://garden-
ing.wsu.edu contains Washington State specific information about vegetation management 
based on the type of landscape.

 l See the Pacific Northwest Plant Disease Management Handbook (Pscheidt and Ocamb, 
2016) for information on disease recognition and for additional resources.

S425 BMPs for Soil Erosion and Sediment Control 
at Industrial Sites
Description of Pollutant Sources: Industrial activities on soil areas; exposed and disturbed soils; 
steep grading; etc. can be sources of sediments that can contaminate stormwater runoff.

Pollutant Control Approach: Limit the exposure of erodible soil, stabilize, or cover erodible soil 
where necessary to prevent erosion, and/or provide treatment for stormwater contaminated with 
TSS caused by eroded soil.

Applicable BMPs:

 l Limit the exposure of erodible soil.

 l Stabilize entrances/exits to prevent track-out. See BMP C105:  Stabilized Construction 
Access.

 l Stabilize or cover erodible soil to prevent erosion. Cover practice options include:

 o Use vegetative cover such as grass, trees, shrubs, on erodible soil areas.

 o Cover exposed areas with mats such as clear plastic, jute, synthetic fiber. See BMP 
C122:  Nets and Blankets and BMP C123:  Plastic Covering.
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