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Notes for Preparer: 
When completing the Stormwater Site Plan Report provide all required information in the textbox forms under each section and delete any sections from the report and appendices that are not applicable to the proposed project. Further information and guidance on the information required can be found in the comment bubbles to the right of each section. Once the report has been completed delete all comment bubbles and grey highlighted instructions, select the References tab and update the Table of Contents, and input the figure/table numbers and names in List of Figures and List of Tables under the contents page above. 

1. [bookmark: _Project_Information_1][bookmark: _Toc73448904]Project Information
A. Project Contacts
See Title Page for Stormwater Site Plan Development Team
B. Property Owner
	Name
	Organization
	Mailing Address
	Contact Telephone Number
	Email Address

	Penny Frogmore
	None
	1234 Frogmore Place, Britain, UK 
	123456789
	pfrogmore@frogmore.com



C. Applicant (if different than Property Owner)
	Name
	Organization
	Mailing Address
	Contact Telephone Number
	Email Address

	Alice Construction
	Construction Org
	4321 Workplace Avenue
	987654321
	aconstr@const.com



D. Associated Permits
i) See Title Page for City of Tacoma Permit Numbers 
ii) Associated City of Tacoma Permit Number(s) 
None
iii) Other Federal, State, or Local Associated Permit Types and Numbers 
None
E. Vesting
i) City of Tacoma Stormwater Management Manual Edition Used
2021 Stormwater Management Manual (SWMM)
ii) If using a manual other than the most current version, provide vesting justification:
NA 

2. [bookmark: _Project_Overview_1][bookmark: _Toc73448905]Project Overview

A. Provide a brief description of the proposed project. 




3. [bookmark: _Existing_Project_Site_2][bookmark: _Toc73448906]Existing Project Site Conditions

A. Answer the following questions, provide additional description, and provide figures (if necessary) to describe the existing site conditions. 

i) Describe in one or two sentences the existing project site use: 
The existing site use is a vacant lot with a mix of gravel and vegetation.  
ii) Describe in words or show on a figure the stormwater runoff patterns (natural and artificial) and the points where stormwater enters and exits the project site. 
Stormwater follows contours and generally flows from west to east where it enters the City of Tacoma stormwater system.   
iii) Answer the following questions to help describe the existing site conditions.  If Answer is Yes, include an associated figure(s) that shows location.  Answers must be based upon site reconnaissance and readily available mapping data.  See SWMM – Volume 2, Chapter 3 for resources.

	Questions
	Answer 
	Data Source(s)

	Are groundwater protection areas located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	Aquifer Recharge Areas (Pierce County) tMap Layer

	Are wetlands and/or their buffers located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	Wetland Inventory (Tacoma PDS) tMap Layer.

	Are steep slopes located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	tMap Layer
· Landslide Hazard Areas.  
· Contours

	Are floodplains located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	Flooding Layers – tMap Layer.

	Are streams located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	Streams Layer (Pierce County) – tMap

	Are creeks located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	Waterbodies Layer (Pierce County) – tMap

	Are ravines located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	tMap Layers:
· Landslide Hazard Areas 
· Contours 
· Streams Layer (Pierce County) 

	Are springs located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	· Landslide Hazard Areas (Pierce County)
· Streams (Pierce County)?


	Are any other sensitive areas or critical areas located on the project site or within 500 feet of the project site?
	☐Yes
☒No
☐Unknown
	tMap Layers:
· Aquifer Recharge Areas (Pierce County)
· Biodiversity Corridors (Tacoma)
· Landslide Hazard Areas (Pierce County)
· Liquifaction Susceptibility (WADNR)
· Mine Hazard Areas (Tacoma)
· Non-Wetland/No Stream (Tacoma PDS)
· Streams (Pierce County)
· Wetland Inventory (Tacoma PDS)


	Are any structures located on the project site?
	☒Yes
☐No
☐Unknown
	

	Are any fuel tanks or other storage tanks (above or below-ground) located on the project site?
	☐Yes
☒No
☐Unknown
	tMap Layers:
· Regulated USTs and Active Facilities (Ecology)
· Regulated USTs and Inactive Facilities (Ecology)


	Are any groundwater wells located on the project site or within 100 feet of the project site?
	☐Yes
☒No
☐Unknown
	Source Water Assessment Program (SWAP) Map

	Are any septic systems located on the project site or within 100 feet of the project site?
	☐Yes
☒No
☐Unknown
	Sewer Cards

	Are any Superfund sites located on the project site or within 100 feet of the project site?
	☐Yes
☒No
☐Unknown
	Cleanups in My Community v1.0 tmap layer.


	Are any Flood Hazard Areas located on the project site or within 100 feet of the project site?
	☐Yes
☒No
☐Unknown
	Flooding Layers tMap layer.

	Is the project located in the South Tacoma Groundwater Protection District?
	☒Yes
☐No
☐Unknown
	Land Use – Zoning District 1 – tMap Layer.

	Are any public or private easements located on the project site?
	☐Yes
☒No
☐Unknown
	· Plat and Legal – Easements – tMap layer.
· Pierce County Assessor Parcel Search



iv) Additional Information 
Figure 1 – Existing Site Use only shows the legend for items that were present on or near the site.  See tMap for all other relevant legend items as necessary.  Project has only one Threshold Discharge Area.

[image: Home - City of Tacoma]City of Tacoma		SSP Version – July 1, 2021.
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B. Existing Project Site Condition Basin Map
Figure 2 – Existing Condition Basin Map 
Red Area is existing hard surface area.  Green is existing vegetation area.
[image: ]

C. [bookmark: _Downstream_Flowpath_–_2]Downstream Flowpath – Existing Condition
Figure 3 – Downstream Flowpath 
[image: ]



4. [bookmark: _Proposed_Project_Site_2][bookmark: _Toc73448907]Proposed Project Site Conditions

A. Describe in words and provide figure(s) to describe the proposed project site conditions.  

i) Describe in one or two sentences the proposed project site use: 
The proposed site is a convenience store with associated parking lot and drive aisles.  Offsite improvements including sidewalk installation and roadway replacement are required.  There will be no fuel tanks installed, no groundwater wells installed and no septic systems installed.  No new easements are required for the project.  See Civil Sheets C-07 and C-08 for the full site plan showing improvements. 
ii) Describe in words or show on a figure the stormwater runoff patterns (natural and artificial) and the points where stormwater enters and exits the project site. 
Stormwater runoff patterns remain the same between existing and proposed conditions.  Stormwater generally enters the site from the west and will discharge into the City of Tacoma Stormwater System via a piped discharge to a structure. 
iii) Provide a figure showing: 
· the proposed improvements (buildings, sidewalks, parking lots, utilities, etc.), 
· fuel tanks (above and below ground) that are proposed or will remain in place, proposed groundwater wells on the project site
· proposed septic systems
· proposed public and private easements 
There will be no fuel tanks installed, no groundwater wells installed and no septic systems installed.  No new easements are required for the project.  See Civil Sheet C-07 and C-08 for full site plan showing improvements.
iv) Additional Information
No additional information needed.
See Civil Sheets C-07 and C-08 

B. [bookmark: _Proposed_Project_Site_3]Proposed Project Site Condition Basin Map . 
Figure 4 – Example Proposed Project Site Condition Map   (Note: this figure would not be approved because the legend for “Onsite Lawn/Landscaping Area”  doesn’t match the hatch on the figure.)

[image: ]
[bookmark: _Downstream_Flowpath_–_3]C. Downstream Flowpath – Proposed Condition 
See Figure 3 – Downstream Flowpath.  Flowpath does not change from existing to proposed conditions. 
5. [bookmark: _Minimum_Requirement_Determination_1][bookmark: _Toc73448908]Minimum Requirement Determination

A. Table 1 - Project Thresholds   (note: this project has only one TDA)
	Surface Type 
	Onsite
	Offsite 
	Total

	Total Project Site Area (ft2)
	28195
	3900
	32095

	Total Site Area (ft2)
	28195
	0
	28195

	Existing Hard Surface Area (ft2)
	22250
	3900
	26150

	Existing Native Vegetation Area (ft2)
	0
	0
	0

	Existing Vegetation Area (ft2)
	5945
	0
	5945

	Existing Lawn/Landscaped Area (ft2)
	0
	0
	0

	Existing  Pasture Area (ft2)
	0
	0
	0

	Existing Hard Surface Coverage (%)
	 
	 
	81.48

	New Pollution Generating Hard Surface Area (ft2)
	9429
	0
	9429

	New Non-Pollution Generating Hard Surface Area (ft2)
	10016
	650
	10666

	Total New Hard Surface Area (ft2)
	 
	 
	20095

	Replaced Pollution Generating Hard Surface Area (ft2)
	0
	2080
	2080

	Replaced Non-Pollution Generating Hard Surface Area (ft2)
	0
	0
	0

	Total Replaced Hard Surface Area (ft2)
	 
	 
	2080

	Total of New Plus Replaced Hard Surface Area (ft2)
	 
	 
	22175

	Total of New Plus Replaced Pollution Generating Hard Surface Area (ft2)
	 
	 
	11509

	Amount of Vegetation Converted to Lawn/Landscaped Area (ft2)
	0
	0
	0

	Amount of Native Vegetation Converted to Pasture (ft2)
	0
	0
	0

	Total of New Plus Replaced Hard Surfaces and Converted Vegetation Areas (ft2)
	 
	 
	22175

	Total of New Hard Surfaces and Converted Vegetation Areas (ft2)
	 
	 
	20095

	Amount of Existing Hard Surface Converted to Vegetation (ft2)
	8750
	1170
	9920

	Amount of Native Vegetation to Remain (ft2)
	0
	0
	0

	Amount of Existing Vegetation to Remain (ft2)
	0
	0
	0

	Amount of Existing Hard Surface to Remain (ft2)
	0
	0
	0

	Amount of Existing Lawn/Landscaped to Remain (ft2)
	0
	0
	0

	Amount of Existing Pasture to Remain (ft2)
	0
	0
	0

	Amount of Land Disturbing Activity (ft2)
	28195
	3900
	32095

	Value of Proposed Improvements ($)
	750000
	1000
	751000

	Assessed value of Existing Project Site Improvements ($)
	2700
	0
	2700

	Proposed Improvements Compared to Existing Project Site Improvements (%)
	 
	 
	27814.81



B. Table 2- Receiving Waterbody Table 
	Receiving Waterbody Name
	Type of Receiving Waterbody

	Hosmer Holding Basin
	Stormwater Facility - Not Receiving Waterbody

	Ward's Lake
	Lake

	Gravel Pit
	Stormwater Facility - Not Receiving Waterbody

	Flett Creek
	Creek

	Chambers Creek
	Creek

	Puget Sound
	Marine



C. Table 3 – Minimum Requirements Required 
	Applicable Minimum Requirements
	Applicable Surface Type Requiring Mitigation

	MR #1-#5
	New and Replaced Hard Surfaces and Converted Vegetation Areas and Land Disturbed

	MR#6
	New and Replaced PGHS

	MR#7
	New and Replaced Hard Surfaces and Converted Vegetation Areas

	MR#9
	NA




D. Cumulative Impacts
i. Table (Insert Table Number)- Cumulative Impacts 
NA  
ii. Cumulative Impacts Discussion 
Development has not occurred on the site since 2003. 



E. Flowcharts 
[image: ]
Figure 5 - All Projects and New Development Flowchart
[image: ]
Figure 6 – Redevelopment Flowchart
F. 

6. [bookmark: _Discussion_of_Minimum][bookmark: _Toc73448909]Discussion of Minimum Requirements

A. [bookmark: _Ref70070715][bookmark: _Toc73448910]Minimum Requirement #1 – Preparation of a Stormwater Site Plan
This Stormwater Site Plan Report and the Coldest Ice Convenience Store Civil Plans are being used to meet Minimum Requirement #1.
Description of Site Appropriate Development Principles
Where practicable, projects shall use the following site appropriate development principles.  Put a checkmark next to the principles that will be used for the project.  Project design is not required to be changed in order to accommodate site appropriate development principles, but where feasible, these principles must be used.  If none of the site development principles are feasible, place a checkmark next to that box below. 
☒ Minimization of land disturbance by fitting development to the natural terrain.
☒ Minimization of land disturbance by confining construction to the smallest area feasible and away from critical areas.
☐ Preservation of natural vegetation.
☐ Locating impervious surfaces over less permeable soils.
☐ Clustering buildings.
☐ Minimizing impervious surfaces.
☐ Site appropriate development principles are not practicable because of project design.

B. [bookmark: _Toc73448911]Minimum Requirement #2 – Construction Stormwater Pollution Prevention Plan
The Construction Stormwater Pollution Prevention Plan is available as a stand-alone document as part of the Permit submittal.  

[bookmark: _Minimum_Requirement_#3_1][bookmark: _Ref70070745]

C. [bookmark: _Toc73448912]Minimum Requirement #3 – Source Control 
i. Description of Final Site Use 
The final site will be a convenience store with associated parking lot and drive aisles.  The convenience store will have a small deli section with precooked items. 
ii. Source Control BMPs  
[bookmark: _Minimum_Requirement_#4_1]Table 4 – Source Control BMPs
	BMP
	Property/Site Type or Activity Type
	Potential Pollutant(s) Associated with Activity or Pollutant that BMP is being used for.

	BMP S100: Correcting Illicit Discharges to the Stormwater System
	All commercial and industrial sites.
	Wastewater, process water.

	BMP S101: Labeling Stormwater Inlet
	All commercial and industrial sites.
	Wastes from dumping.

	BMP S102: Formation of a Pollution Prevention team
	All commercial and industrial sites.
	 

	BMP S103: Preventative Maintenance/Good Housekeeping
	All commercial and industrial sites.
	 

	BMP S104: Spill Prevention and Cleanup
	All commercial and industrial sites.
	Leaks and spills of liquid and solid waste.

	BMP S105: Employee Training
	All commercial and industrial sites.
	 

	BMP S106: Inspections
	All commercial and industrial sites.
	 

	BMP S107: Record Keeping
	All commercial and industrial sites.
	 

	BMP S111: Cleaning Building Structures and Related Equipment
	Outside washing of building structures including pressure washing of sidewalks, walkways, etc. and/or where washing may come into contact with precipitation or stormwater.
	Heavy metals, pH, suspended solids, grit, paint chips, and biochemical oxygen demand (BOD)

	BMP S114: Loading and Unloading Areas for Liquid and Solid Material
	Loading and unloading of liquid and solid materials at industrial and commercial sites.
	Fuel leaks and spills, oils, powders, organics, heavy metals, salts, acids, alkalis

	BMP S117: Storage of Solid Wastes and Food Wastes 
	Outside storage of solid waste  including ordinary garbage and/or where storage may come into contact with precipitation or stormwater.
	Toxic organic compounds, oil and grease, heavy metals, nutrients, suspended solids, COD, BOD

	BMP S139: Stormwater System Maintenance
	All properties with stormwater systems.
	Excess sediment, oils, hydrocarbons and sediment

	BMP S143: Landscaping and Lawn/Vegetation Management
	Properties and areas in the ROW that have landscaping and/or lawn areas.
	Toxic organic compounds, heavy metals, oils, total suspended solids, coliform bacteria, fertilizers, and pesticides.

	BMP S162: Proper Disposal
	Disposing of any liquid or solid waste.
	Liquid and solid waste.



D. [bookmark: _Ref70070898][bookmark: _Toc73448913]Minimum Requirement #4 – Preserving Drainage Patterns and Outfalls
i. Description of Drainage Patterns and Outfalls
Stormwater will continue to flow in the general direction as the existing condition.  Stormwater will discharge to the same receiving waterbodies as in the existing condition. 
ii. Description of Concentrated and/or Increased Volume or Flowrate and Mitigation 
This project is proposing to discharge stormwater to the City of Tacoma system.  See Section 7 – Additional Protective Measure – Infrastructure Protection for more information.


[bookmark: _Minimum_Requirement_#5_1][bookmark: _Ref70071456]

E. [bookmark: _Toc73448914]Minimum Requirement #5 – Onsite Stormwater Management
This project will utilize: The List Approach
List #2 BMPs were analyzed for feasibility.
For Lawn and Landscaped Areas – BMP L613: Post Construction Soil Quality and Depth – Option 3 – Amend in Place will be used on all areas that will be lawn/landscaped in the final scenario.  
For roofs the following BMPs were analyzed for feasibility.
BMP L602: Downspout Full Infiltration was deemed infeasible.  See infeasibility checklist in Appendix A and Soils Report – Page 9.  Per the Project Soils Report, high groundwater has made this BMP infeasible.  
BMP L630: Bioretention was deemed infeasible.  See infeasibility checklist in Appendix A and Soils Report – Page 9.  Per the Project Soils Report, high groundwater has made this BMP infeasible.  
BMP L603: Downspout dispersion was deemed infeasible.  See infeasibility checklist in Appendix A and Figure 7 which shows flowpath distances cannot be maintained.
BMP L604: Perforated Stub-Outs was deemed infeasible.  See infeasibility checklist in Appendix A and Soils Report – Page 9.  .  Per the Project Soils Report, high groundwater has made this BMP infeasible.  
For Other Hard Surfaces the following were analyzed for infeasibility:
BMP L614: Full Dispersion was deemed infeasible.  See infeasibility checklist – Appendix A.
BMP L633: Permeable Pavements was deemed infeasible.  See infeasibility checklist – Appendix A and Soils Report – Page 9.  .  Per the Project Soils Report, high groundwater has made this BMP infeasible.  
BMP L630: was deemed infeasible.  See above.
BMP L612: Sheet Flow Dispersion was deemed infeasible.  See infeasibility checklist and Figure 7 which shows flowpath length cannot be accommodated.


[bookmark: _Minimum_Requirement_#6_1][bookmark: _Ref70071800][image: ]
Figure 7 – Flowpath Lengths – Dispersion BMPs


F. [bookmark: _Toc73448915]Minimum Requirement #6 – Stormwater Treatment
i. Description of Compliance Need
Minimum Requirement #6 is required for this project because the project creates more than 5,000 square feet of new and replaced pollution generating hard surface area.  See Figure 8 – Stormwater Treatment Basin and Table 1 – Project Thresholds for quantities.
Project only has one TDA.  Requirement applies to all new and replaced pollution generating hard surfaces.
ii. Compliance Mechanism(s)  
a. Treatment type required
Oil control is not required because there were less than 300 trip ends per day and ADT is less than 100 per 1000 SF of gross building area.  See Traffic Report – Coldest Ice – Page 12.  An excerpt from the Traffic Report is included below for reference.
“Per standard accepted engineering traffic study procedures, trips ends for this project have been determined to be 249 and ADT is 57 per 1000 SF of gross building area.   See Traffic Report attached under separate cover.
Enhanced treatment is required for all pollution generating hard surfaces.
b. Stormwater treatment basin map
See Figure 8 – Stormwater Treatment Basin Map  
c.  State the BMP(s) being used. 
Onsite a bioretention facility (BMP T630) with an underdrain and liner will be used to treat stormwater.  Offsite, a filterra unit (BMP T1300) will be used to treat the pollution-generating surfaces in the Right-of-Way.  See Appendix B for complete calculations.
The filterra GULD is included in Appendix E.
Note: In MR #5 discussion, it is stated that BMP T630 is not feasible due to high groundwater, that was referring to a bioretention facility that would infiltrate.  This bioretention facility will be used for treatment only and will not infiltrate due to the liner and underdrain.


		
[bookmark: _Minimum_Requirement_#7_1][bookmark: _Ref70073147]

Figure 8 – Stormwater Treatment Basin Map
NOTE: for this SSP to be approved, changes to the hatches would be required for clarity.
[image: ]
G. [bookmark: _Toc73448916]Minimum Requirement #7 – Flow Control
i. Description of Compliance Need
This project creates more than 10,000 square feet of effective impervious surface so flow control is required.  See Figure 9 – Flow Control Basin Map and Table 1 – Project Thresholds for quantities.
Project only has one TDA.  Requirement applies to all new and replaced hard surfaces.
ii. Compliance Mechanism(s) 
a. Describe flow control type required (ex. Forested, existing).
Project is required to provide flow control to forested conditions.  Project is proposing to participate in the City of Tacoma Fee In-Lieu Program.  See stand-alone Fee In-Lieu application.  
b. Provide a flow basin map clearly showing surfaces requiring flow control and surfaces receiving flow control (facility contributing areas). 
See Figure 9 – Flow Control Basin Map 
c. State the BMP(s) being used. 
The project will utilize the City of Tacoma 

[bookmark: _Minimum_Requirement_#8_1][bookmark: _Ref70073310]
[image: ]
Figure 9 – Flow Control Basin Map 


H. [bookmark: _Toc73448917]Minimum Requirement #8 – Wetlands Protection
i. Description of Compliance Need
The project is not required to comply with MR #8 because the project does not discharge into a wetland.  

I. [bookmark: _Toc73448918][bookmark: _Ref70073951]Minimum Requirement #9 – Operation and Maintenance 

For facilities that will be maintained by a private property owner include the following language: The Operation and Maintenance Manual is available as a stand-alone document as part of the Permit submittal.
For facilities that will be maintained by the City of Tacoma include the following language: The City of Tacoma is responsible for creating and keeping an Operation and Maintenance Manual for all facilities that will be maintained by the City of Tacoma. 
[bookmark: _Ref70074055]

7. [bookmark: _Toc73448919]Additional Protective Measure – Infrastructure Protection

A. Description of Compliance Need 
The project is not required to complete a quantitative downstream analysis.  The project does not add any surface area to the downstream system (everything in the current condition enters the City stormwater system).  The changes from pervious to impervious surface are less than 5,000 square feet – there is a decrease in impervious surface area.  Per the SWMM volume 1 Section 1.5, no analysis is required.  
8. [bookmark: _Conveyance_System_Design_1][bookmark: _Toc73448920]Conveyance System Design

A. Include all information necessary to show how the conveyance system was designed. 
See Appendix B for all calculation outputs.  The onsite conveyance system was designed assuming backwater effects to have 0.5 feet of freeboard between the water surface and the top of the maintenance hole or catch basin at the 10-year, 24-hour storm event.  At the 100-year, 24-hour storm event, no overtopping was shown in the modeling outputs.



[bookmark: _Toc73448921]Appendices

A. [bookmark: _Toc73448922]Minimum Requirement #5 – Infeasibility Checklists

	[bookmark: _Toc73448923]City of Tacoma Stormwater Management Manual – Infeasibility Checklist
[bookmark: _Toc73448924]Surface Type: Roofs
BMP L602: Downspout Full Infiltration (Infiltration Trenches and Drywells)

[bookmark: _Toc73448925]Version: 07/01/2021

	It is not necessary to answer all questions when determining if a BMP is feasible for Minimum Requirement #5 – The List Approach.  Unless otherwise noted, a single answer of No means the BMP is considered infeasible for meeting Minimum Requirement #5 – The List Approach.  Applicant may choose which questions to answer when determining feasibility.    

	Questions #1-7 relate to infeasibility criteria that are based on conditions such as topography and distances to predetermined boundaries and certain design criteria.  

	Question Number
	Question
	Yes
	No
	NA

	1
	Can the infiltration trench or drywell be placed 10 feet or more from any building structure?
	☐	☐	☐
	2
	Can the infiltration trench or drywell be placed 5 feet or more from any other structure or property line?
	☐	☐	☐
	3
	Can the infiltration trench or drywell be placed 50 feet or more from the top of any slope 20% or greater?
	☐	☐	☐
	4
	Can the infiltration trench or drywell be placed 50 feet or more from geologically hazardous areas?
	☐	☐	☐
	5
	Can the infiltration trench or drywell meet setback requirements from Onsite Sewage Systems per WAC 246-272A-0210?
	☐	☐	☐
	6
	Will installing an infiltration trench or drywell cause conflicts with any of the following?  (An answer of yes means this BMP is infeasible.)  Place a checkmark next to the applicable item (6a-6e).
	☐	☐	☐
	6a
	Requirements of the Historic Preservation Laws and Archeology Laws, Federal Superfund or Washington State Model Toxics Control Act, Federal Aviation Administration requirements for airports, or Americans with Disability Act
	☐
	6b
	Special zoning district design criteria adopted and being implemented through any City of Tacoma planning efforts

	☐
	6c
	Public health and safety standards

	☐
	6d
	Transportation regulations to maintain the option for future expansion or multi-modal use of public rights-of-way

	☐
	6e
	Critical Area Preservation Ordinance 

	☐
	7
	Can the design standards in BMP L602 be met?
	☐	☐	☐
	7a
	Describe the design standards that cannot be met:

	Questions #8-10 relate to infeasibility criteria that are based upon subsurface characteristics and require a soils report to determine infeasibility.  

	8
	Was the soil classified as being clay, sandy clay, clay loam, silty clay loam, sandy clay loam, or silt according to the USDA Textural Soil Triangle?  (An answer of yes means this BMP is not feasible).
	☐	☐	☐
	9
	Is the depth from proposed final grade to the seasonal high groundwater table or other impermeable layer equal to or greater than 3 feet?  
	☐	☒	☐
	10
	Is the depth from the bottom of the infiltration trench or drywell to the seasonal high groundwater table equal to or greater than 1 foot?  
	☐	☐	☐

	[bookmark: _Toc73448926]City of Tacoma Stormwater Management Manual – Infeasibility Checklist
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[bookmark: _Toc73448929]Version: 07/01/2021

	It is not necessary to answer all questions when determining if a BMP is feasible for Minimum Requirement #5 – The List Approach.  Unless otherwise noted, a single answer of No means the BMP is considered infeasible for meeting Minimum Requirement #5 – The List Approach.  Applicant may choose which questions to answer when determining feasibility.    

	Questions #1-18 relate to infeasibility criteria that are based on conditions such as topography and distances to predetermined boundaries.  Citation of the following do not need site-specific written recommendations from a Washington State Licensed Professional Engineer or Washington State Licensed Professional Geologist though some criteria may require professional services to determine if the infeasibility criteria apply.   

	Question Number
	Question
	Yes
	No
	NA

	1
	Can the bioretention facility be placed 10 feet or more from any building structure?
	☐	☐	☐
	2
	Can the bioretention facility be placed 5 feet or more from any other structure or property line?
	☐	☐	☐
	3
	Can the bioretention facility be placed 50 feet or more from the top of any slope greater than 20%? 
	☐	☐	☐
	4
	Can the bioretention facility be placed 50 feet or more from geologically hazardous areas?
	☐	☐	☐
	5
	Can the bioretention facility be located outside of designated erosion or landslide hazard areas?
	☐	☐	☐
	6
	Can the bioretention facility be located greater than 100 feet from an underground storage tank whose capacity including tank and underground connecting pipe is 1100 gallons or more?
	☐	☐	☐
	7
	Can the bioretention facility be located greater than 10 feet from an underground storage tank (tank used for petroleum product, chemical, or liquid hazardous waste storage) whose capacity including tank and underground connecting pipe is 1100 gallons or less?
	☐	☐	☐
	8
	Can the bioretention facility be located greater than 100 feet of a closed or active landfill?  
	☐	☐	☐
	9
	Can the bioretention facility be located greater than 100 feet from drinking water well or a spring used for drinking water supply?
	☐	☐	☐
	10
	Can the bioretention facility be placed 10 feet or more from small on-site sewage disposal drainfields?  (For large on-site sewage disposal setbacks see WAC Chapter 246-727B).
	☐	☐	☐
	11
	Can the bioretention facility be located on slopes less than 8%?
	☐	☐	☐
	12
	Is the bioretention facility compatible with the surrounding drainage system (e.g., project drains to an existing stormwater system whose elevation precludes proper connection to the bioretention facility)?
	☐	☐	☐
	13
	For properties with known soil or groundwater contamination, can the bioretention facility be located greater than 100 feet from an area known to have deep soil contamination?    
	☐	☐	☐
	14
	For properties with known soil or groundwater contamination, can the bioretention facility be located such that infiltration will not increase or change the direction of the migration of pollutants in the groundwater?  (Based upon groundwater modeling).
	☐	☐	☐
	15
	For properties with known soil or groundwater contamination, can the bioretention facility be located in an area that does not have contaminated surface soils that are proposed to remain in place?
	☐	☐	☐
	16
	For properties with known soil or groundwater contamination, can the bioretention facility be located in areas not prohibited by an approved cleanup plan under the state Model Toxics Control Act or Federal Superfund Law, or an environmental covenant under Chapter 64.70 RCW?
	☐	☐	☐
	17
	For bioretention facilities that are constructed with imported compost materials, can the bioretention facility be located greater than ¼ mile from a phosphorus-sensitive waterbody?  (Does not apply to discharges to Wapato Lake). 
	☐	☐	☐
	18
	Will installing a bioretention facility cause conflicts with any of the following?  (An answer of yes means this BMP is infeasible.)  Place a checkmark next to the applicable item (18a-18e).
	☐	☐	☐
	18a
	Requirements of the Historic Preservation Laws and Archeology Laws, Federal Superfund or Washington State Model Toxics Control Act, Federal Aviation Administration requirements for airports, or Americans with Disability Act
	
☐

	18b
	Special zoning district design criteria adopted and being implemented through any City of Tacoma planning efforts

	☐
	18c
	Public health and safety standards

	☐
	18d
	Transportation regulations to maintain the option for future expansion or multi-modal use of public rights-of-way

	☐
	18e
	Critical Area Preservation Ordinance 

	☐
	Questions #19-21 relate to infeasibility criteria that are based upon subsurface characteristics and require a soils report to determine infeasibility.  

	19
	Is the depth from the lowest level of the bioretention soil mix or any underlying gravel layer to the seasonal high groundwater table or other impermeable layer equal to or greater than 1 foot?  This applies only if the contributing area to the bioretention facility has less than 5,000 square feet of pollution-generating impervious surface, and less than 10,000 square feet of impervious surface, and less than ¾ acre pervious surface.  
	☐	☐	☐
	20
	Is the depth from the lowest level of the bioretention soil mix or any underlying gravel layer to the seasonal high groundwater table or other impermeable layer equal to or greater than 3 feet?  This applies only if the contributing area to the bioretention facility has: 5,000 square feet or greater of pollution-generating impervious surface, or 10,000 square feet or greater of impervious surface, or more ¾ acre pervious surface AND the bioretention facility cannot be broken down into amounts smaller than those listed above.  
	☐	☒	☐
	21
	Was the soil classified as having a measured native soil saturated hydraulic conductivity of 0.3 in/hour or more? 
	☐	☐	☐
	Questions 22-29 require evaluation of site specific conditions and a written recommendation from an appropriate Washington State Licensed Professional (e.g., Professional Engineer, Professional Geologist, Professional Hydrogeologist).

	22
	Will the proposed bioretention facility location threaten the safety or reliability of preexisting underground utilities, preexisting underground storage tanks, preexisting structures, or preexisting road or parking lot surfaces?  (An answer of yes means the BMP is infeasible).
	☐	☐	☐
	23
	Will the proposed bioretention facility location allow for a safe overflow pathway to the City stormwater system or a private stormwater system?    
	☐	☐	☐
	24
	Are there reasonable concerns about erosion, slope failure, or downgradient flooding due to infiltration?  (An answer of yes means the BMP is infeasible).
	☐	☐	☐
	25
	Is the project located in an area whose groundwater drains into an erosion hazard or landslide hazard area?  (An answer of yes means the BMP is infeasible).  
	☐	☐	☐
	26
	Will infiltrating water threaten existing below grade basements?  (An answer of yes means the BMP is infeasible).  
	☐	☐	☐
	27
	Will infiltrating water threaten shoreline structures such as bulkheads?  (An answer of yes means the BMP is infeasible).  
	☐	☐	☐
	28
	Is there lack of usable space onsite for bioretention facilities at redevelopment sites?  (An answer of yes means the BMP is infeasible).  
	☐	☐	☐
	29
	For public road projects, is there insufficient space within the ROW to install a bioretention facility?  (An answer of yes means this BMP is infeasible).
	☐	☐	☐

	[bookmark: _Toc73448930]City of Tacoma Stormwater Management Manual – Infeasibility Checklist
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BMP L614: Full Dispersion

[bookmark: _Toc73448932]Version: 07/01/2021

	It is not necessary to answer all questions when determining if a BMP is feasible for Minimum Requirement #5 – The List Approach.  Unless otherwise noted, a single answer of No means the BMP is considered infeasible for meeting Minimum Requirement #5 – The List Approach.  Applicant may choose which questions to answer when determining feasibility.    

	Questions #1-9 relate to infeasibility criteria that are based on conditions such as topography and distances to predetermined boundaries and certain design criteria.  

	Question Number
	Question
	Yes
	No
	NA

	1
	Can the flow spreader and dispersion areas be placed 10 feet or more from any building structure?
	☐	☐	☐
	2
	Can the flow spreader and dispersion areas be placed 5 feet or more from any other structure or property line?
	☐	☐	☐
	3
	Can the dispersion areas be placed 50 feet or more from the top of any slope 15% or greater?
	☐	☐	☐
	4
	Can the dispersion areas be placed 50 feet or more from geologically hazardous areas?
	☐	☐	☐
	5
	Can the dispersion area be located outside of critical areas, critical area buffers, streams, or lakes?
	☐	☐	☐
	6
	Can the flow spreader and dispersion area maintain setbacks from Onsite Sewage Systems per WAC 246-272A-0210?
	☐	☐	☐
	8
	Will installing a full dispersion system cause conflicts with any of the following?  (An answer of yes means this BMP is infeasible.)  Place a checkmark next to the applicable item (8a-8e).
	☐	☐	☐
	8a
	Requirements of the Historic Preservation Laws and Archeology Laws, Federal Superfund or Washington State Model Toxics Control Act, Federal Aviation Administration requirements for airports, or Americans with Disability Act
	☐
	8b
	Special zoning district design criteria adopted and being implemented through any City of Tacoma planning efforts

	☐
	8c
	Public health and safety standards

	☐
	8d
	Transportation regulations to maintain the option for future expansion or multi-modal use of public rights-of-way

	☐
	8e
	Critical Area Preservation Ordinance 

	☐
	9
	Can the design standards in BMP L614 be met?
	☐	☒	☐
	9a
	Describe the design standard that cannot be met: Full Dispersion is not intended for commercial properties.

	Questions #10 require evaluation of site specific conditions and a written recommendation from an appropriate Washington State Licensed Professional (e.g., Professional Engineer, Professional Geologist, Professional Hydrogeologist).

	10
	Will the use of a full dispersion cause erosion or flooding problems onsite or on adjacent properties?  (An answer of yes means this BMP is not feasible).
	☐	☐	☐
	[bookmark: _Toc73448933]City of Tacoma Stormwater Management Manual – Infeasibility Checklist
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	It is not necessary to answer all questions when determining if a BMP is feasible for Minimum Requirement #5 – The List Approach.  Unless otherwise noted, a single answer of No means the BMP is considered infeasible for meeting Minimum Requirement #5 – The List Approach.  Applicant may choose which questions to answer when determining feasibility.    

	Questions #1-10 relate to infeasibility criteria that are based on conditions such as topography and distances to predetermined boundaries and certain design criteria.  

	Question Number
	Question
	Yes
	No
	NA

	1
	Can the dispersion trench or splashblocks be placed 10 feet or more from any building structure?
	☐	☐	☐
	2
	Can the dispersion trench or splashblocks be placed 5 feet or more from any other structure or property line?
	☐	☐	☐
	3
	Can the dispersion trench or splashblocks be placed 50 feet or more from the top of any slope 15% or greater?
	☐	☐	☐
	4
	Can the dispersion trench or splashblocks be placed 50 feet or more from geologically hazardous areas?
	☐	☐	☐
	5
	Can the dispersion trench or splashblock maintain setbacks from Onsite Sewage Systems per WAC 246-272A-0210?
	☐	☐	☐
	6
	Is it possible to maintain or construct a vegetated flowpath of at least 25 feet from the outlet of a dispersion trench and any property line, structure, stream, wetland, other infiltration or dispersion system, or impervious surface?
	☐	☒	☐
	7
	Is it possible to maintain or construct a vegetated flowpath of at least 50 feet from the outlet of a dispersion trench and any slope greater than 15%?    
	☐	☐	☐
	8
	Is it possible to maintain or construct a vegetated flowpath of at least 50 feet from the outlet of splashblock and any property line, structure, slope over 15%, stream, wetland, other infiltration or dispersion system, or impervious surface?
	☐	☐	☐
	9
	Will installing a dispersion trench or splashblocks cause conflicts with any of the following?  (An answer of yes means this BMP is infeasible.)  Place a checkmark next to the applicable item (9a-9e).
	☐	☐	☐
	9a
	Requirements of the Historic Preservation Laws and Archeology Laws, Federal Superfund or Washington State Model Toxics Control Act, Federal Aviation Administration requirements for airports, or Americans with Disability Act
	☐
	9b
	Special zoning district design criteria adopted and being implemented through any City of Tacoma planning efforts

	☐
	9c
	Public health and safety standards

	☐
	9d
	Transportation regulations to maintain the option for future expansion or multi-modal use of public rights-of-way

	☐
	9e
	Critical Area Preservation Ordinance 

	☐
	10
	Can the design standards in BMP L603 be met?
	☐	☐	☐
	10a
	Describe the design standard that cannot be met:

	Questions #11 require evaluation of site specific conditions and a written recommendation from an appropriate Washington State Licensed Professional (e.g., Professional Engineer, Professional Geologist, Professional Hydrogeologist).

	11
	Will the use of a dispersion trench or splashblocks cause erosion or flooding problems onsite or on adjacent properties?  (An answer of yes means this BMP is not feasible).
	☐	☐	☐
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	It is not necessary to answer all questions when determining if a BMP is feasible for Minimum Requirement #5 – The List Approach.  Unless otherwise noted, a single answer of No means the BMP is considered infeasible for meeting Minimum Requirement #5 – The List Approach.  Applicant may choose which questions to answer when determining feasibility.    

	Questions #1-7 relate to infeasibility criteria that are based on conditions such as topography and distances to predetermined boundaries and certain design criteria.  

	Question Number
	Question
	Yes
	No
	NA

	1
	Can the perforated stub-out connection be placed 10 feet or more from any building structure?
	☐	☐	☐
	2
	Can the perforated stub-out connection be placed 5 feet or more from any other structure or property line?
	☐	☐	☐
	3
	Can the perforated stub-out connection be placed 50 feet or more from the top of any slope 20% or greater?
	☐	☐	☐
	4
	Can the perforated stub-out connection be placed 50 feet or more from geologically hazardous areas?
	☐	☐	☐
	5
	Can the perforated stub-out connection meet setback requirements from Onsite Sewage Systems per WAC 246-272A-0210?
	☐	☐	☐
	6
	Will installing a perforated stub-out connection cause conflicts with any of the following?  (An answer of yes means this BMP is infeasible.)  Place a checkmark next to the applicable item (6a-6e).
	☐	☐	☐
	6a
	Requirements of the Historic Preservation Laws and Archeology Laws, Federal Superfund or Washington State Model Toxics Control Act, Federal Aviation Administration requirements for airports, or Americans with Disability Act
	☐
	6b
	Special zoning district design criteria adopted and being implemented through any City of Tacoma planning efforts

	☐
	6c
	Public health and safety standards

	☐
	6d
	Transportation regulations to maintain the option for future expansion or multi-modal use of public rights-of-way

	☐
	6e
	Critical Area Preservation Ordinance 

	☐
	7
	Can the design standards in BMP L604 be met?
	☐	☐	☐
	7a
	Describe the design standard that cannot be met:

	Questions #8 relates to infeasibility criteria that are based upon subsurface characteristics and require a soils report to determine infeasibility.  

	8
	Is the depth from the bottom of the perforated stub-out connection to the seasonal high groundwater table equal to or greater than 1 foot?  
	☐	☒	☐
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[bookmark: _Toc73448942]Version: 07/01/2021

	It is not necessary to answer all questions when determining if a BMP is feasible for Minimum Requirement #5 – The List Approach.  Unless otherwise noted, a single answer of No means the BMP is considered infeasible for meeting Minimum Requirement #5 – The List Approach.  Applicant may choose which questions to answer when determining feasibility.    

	Questions #1-24 relate to infeasibility criteria that are based on conditions such as topography and distances to predetermined boundaries.  Citation of the following do not need site-specific written recommendations from a Washington State Licensed Professional Engineer or Washington State Licensed Professional Geologist though some criteria may require professional services to determine if the infeasibility criteria apply.   

	Question Number
	Question
	Yes
	No
	NA

	1
	Can the permeable pavement be placed 10 feet or more from any building structure?
	☐	☐	☐
	2
	Can the permeable pavement be placed 5 feet or more from any other structure or property line?
	☐	☐	☐
	3
	Can the permeable pavement be placed 50 feet or more from the top of any slope greater than 20%? 
	☐	☐	☐
	4
	Can the permeable pavement be placed 50 feet or more from geologically hazardous areas?
	☐	☐	☐
	5
	Can the permeable pavement be located outside of designated erosion or landslide hazard areas?
	☐	☐	☐
	7
	Can the permeable pavement be located greater than 10 feet from an underground storage tank (tank used for petroleum product, chemical, or liquid hazardous waste storage) whose capacity including tank and underground connecting pipe is 1100 gallons or less?
	☐	☐	☐
	8
	Can the permeable pavement be located greater than 100 feet of a closed or active landfill?  
	☐	☐	☐
	9
	Can the permeable pavement be located greater than 100 feet from drinking water well or a spring used for drinking water supply if the permeable pavement is (or has run-on from) a pollution-generating hard surface?
	☐	☐	☐
	10
	Can the permeable pavement be placed 10 feet or more from small on-site sewage disposal drainfields?  (For large on-site sewage disposal setbacks see WAC Chapter 246-727B).
	☐	☐	☐
	11
	Can the permeable pavement be constructed such that the subgrade is less than 6%?
	☐	☐	☐
	12
	Can the permeable pavement be constructed such that the wearing course is less than 6% (after reasonable attempts have been made to design the grade)?
	☐	☐	☐
	13
	Is the location for permeable pavement a multi-level parking garage, above a culvert, or a bridge?  An answer of yes means the BMP is not feasible.
	☐	☐	☐
	14
	Does the road receive more than very low traffic volumes?  (Roads with a projected average daily traffic volume of 400 vehicles or less).  This infeasibility criterion cannot be used for sidewalks or non-traffic bearing surfaces.  An answer of yes means the BMP is not feasible.
	☐	☐	☐
	15
	Does the road receive more than very low truck traffic?  (Roads not subject to through truck traffic but may receive up to weekly use by utility trucks, daily school bus use, and multiple daily use by pick-up trucks, mail/parcel delivery trucks, and maintenance vehicles.).  This infeasibility criterion cannot be used for sidewalks or non-traffic bearing surfaces.  An answer of yes means the BMP is not feasible.
	☐	☐	☐
	16
	Does the area typically generate high concentrations of oil due to high traffic turnover or frequent transfer of oil?  (See SWMM for additional guidance.)  An answer of yes means the BMP is not feasible.  
	☐	☐	☐
	17
	Can the permeable pavement be located outside of areas with industrial activity as identified in 40 CFR 122.26(b)14?
	☐	☐	☐
	18
	Can permeable pavement be located outside of areas where the risk of concentrated pollutant spills is likely such as gas stations, truck stops, and industrial chemical storage areas?
	☐	☐	☐
	19
	Can permeable pavement be located outside of areas likely to have long-term excessive sediment deposition after construction?
	☐	☐	☐
	20
	For properties with known soil or groundwater contamination, can the permeable pavement be located greater than 100 feet from an area known to have deep soil contamination?    
	☐	☐	☐
	21
	For properties with known soil or groundwater contamination, can the permeable pavement be located such that infiltration will not increase or change the direction of the migration of pollutants in the groundwater?  (Based upon groundwater modeling).
	☐	☐	☐
	22
	For properties with known soil or groundwater contamination, can the permeable pavement be located in an area that does not have contaminated surface soils that are proposed to remain in place?
	☐	☐	☐
	23
	For properties with known soil or groundwater contamination, can the permeable pavement be located in areas not prohibited by an approved cleanup plan under the state Model Toxics Control Act or Federal Superfund Law, or an environmental covenant under Chapter 64.70 RCW?
	☐	☐	☐
	24
	Will installing permeable pavement cause conflicts with any of the following?  (An answer of yes means this BMP is infeasible.)  Place a checkmark next to the applicable item (24a-24e).
	☐	☐	☐
	24a
	Requirements of the Historic Preservation Laws and Archeology Laws, Federal Superfund or Washington State Model Toxics Control Act, Federal Aviation Administration requirements for airports, or Americans with Disability Act
	
☐

	24b
	Special zoning district design criteria adopted and being implemented through any City of Tacoma planning efforts

	☐
	24c
	Public health and safety standards

	☐
	24d
	Transportation regulations to maintain the option for future expansion or multi-modal use of public rights-of-way

	☐
	24e
	Critical Area Preservation Ordinance 

	☐
	Questions #25-28 relate to infeasibility criteria that are based upon subsurface characteristics and require a soils report to determine infeasibility.  

	25
	Is the depth from the lowest layer designed as part of the permeable pavement section to the seasonal high groundwater elevation, bedrock, or other impermeable layer equal to or greater than 1 foot?  
	☐	☒	☐
	26
	For pollution generating pervious pavement surfaces, can the soil suitability criteria for treatment be met?  (See SWMM – BMP L633) 
	☐	☐	☐
	27
	Was the soil classified as having a measured native soil saturated hydraulic conductivity of 0.3 in/hour or more? 
	☐	☐	☐
	28
	Is the existing impervious surface that will be replaced non-polluting generating and located over an outwash soil with a saturated hydraulic conductivity of 4 inches/hour or greater?   
	☐	☐	☐
	Questions 29-40 require evaluation of site specific conditions and a written recommendation from an appropriate Washington State Licensed Professional (e.g., Professional Engineer, Professional Geologist, Professional Hydrogeologist).

	29
	Will the proposed permeable pavement location threaten the safety or reliability of preexisting underground utilities, preexisting underground storage tanks, preexisting structures, or preexisting road or parking lot surfaces?  (An answer of yes means the BMP is infeasible).
	☐	☐	☐
	30
	Will infiltrating and ponded water compromise existing adjacent impervious pavements?  (An answer of yes means the BMP is infeasible).
	☐	☐	☐
	31
	Are there reasonable concerns about erosion, slope failure, or downgradient flooding due to infiltration?  (An answer of yes means the BMP is infeasible).
	☐	☐	☐
	32
	Can the permeable pavement be located outside area whose groundwater drains into an erosion hazard or landslide hazard area?  
	☐	☐	☐
	33
	Will infiltrating water threaten existing below grade basements?  (An answer of yes means the BMP is infeasible).  
	☐	☐	☐
	34
	Will infiltrating water threaten shoreline structures such as bulkheads?  (An answer of yes means the BMP is infeasible).  
	☐	☐	☐
	35
	Can permeable pavement be located away from the bottom of steep, erosion prone areas that are likely to erode sediment?  
	☐	☐	☐
	36
	Can permeable pavement be located away from fill soils that can become unstable when saturated?  
	☐	☐	☐
	37
	Will permeable pavement construction on steep slopes cause erosion and structural failure?  (An answer of yes means the BMP is infeasible).  
	☐	☐	☐
	38
	Will permeable pavement construction on steep slopes cause runoff velocities that preclude adequate infiltration at the pavement surfaces?  (An answer of yes means the BMP is infeasible).  
	☐	☐	☐
	39
	Can permeable pavement provide sufficient strength to support the anticipated loads?  
	☐	☐	☐
	40
	Are underlying soils suitable for supporting traffic loads when saturated?
	☐	☐	☐




B. [bookmark: _Toc73448943]Soils Report

The Soils Report is available as a stand-alone document as part of the Permit submittal.  It is titled: Coldest Ice Convenience Store – Geotechnical Analysis – Dated 04/17/2021.
 

C. [bookmark: _Design_Calculations_and_1][bookmark: _Toc73448944]Stormwater Treatment Calculations

Filterra Calculations:
Offline Water Quality Flowrate: 0.0062 CFS
Snip from WWHM Calculation – See Full WWHM Report After This Calculation
[image: ]
Per General Use Level Designation, the minimum size filter surface-area is calculated by dividing the water quality flowrate (ft3/sec) by the infiltration rate (ft/sec) to obtain required surface area (ft2)
Infiltration Rate (per GULD) for Enhanced Treatment: 175 in/hour.  
175 in/hr * (1 hr/3600 sec) * (1ft/12in) = 0.0041ft/sec
0.0062 ft3/sec / 0.0041 ft/sec = 1.512 ft2 
A 4 x 4 filterra Vault will be used. 

WWHM2012 
                    PROJECT REPORT 
___________________________________________________________________

Project Name: Offsite Stormwater Treatment – filterra Unit
Site Name:  
Site Address:  
City     :  
Report Date: 5/18/2021 
Gage     :  
Data Start : 10/01/1901 
Data End : 09/30/2059 
Precip Scale: 1.00 
Version Date: 2019/09/13  
Version : 4.2.17  
___________________________________________________________________

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   
 
Pervious Total                0 

Impervious Land Use         acre  
 ROADS FLAT                   0.073 
 
Impervious Total              0.073 

Basin Total                   0.073 

___________________________________________________________________


Element Flows To:     
Surface               Interflow               Groundwater  
 
___________________________________________________________________


MITIGATED LAND USE  

Name   : Basin  1 
Bypass: No 

GroundWater: No 

Pervious Land Use           acre   
 
Pervious Total                0 

Impervious Land Use         acre  
 ROADS FLAT                   0.073 
 
Impervious Total              0.073 

Basin Total                   0.073 

___________________________________________________________________


Element Flows To:     
Surface               Interflow               Groundwater  
 
___________________________________________________________________


___________________________________________________________________

                     ANALYSIS RESULTS 

                Stream Protection Duration 

___________________________________________________________________

Predeveloped Landuse Totals for POC #1 
Total Pervious Area:0 
Total Impervious Area:0.073 
___________________________________________________________________

Mitigated Landuse Totals for POC #1 
Total Pervious Area:0 
Total Impervious Area:0.073 
___________________________________________________________________

Flow Frequency Return Periods for Predeveloped.  POC #1 
Return Period         Flow(cfs) 
2 year                  0.025583 
5 year                  0.034341 
10 year                 0.040706 
25 year                 0.049417 
50 year                 0.056409 
100 year                0.063845 

Flow Frequency Return Periods for Mitigated.  POC #1 
Return Period         Flow(cfs) 
2 year                  0.025583 
5 year                  0.034341 
10 year                 0.040706 
25 year                 0.049417 
50 year                 0.056409 
100 year                0.063845 
___________________________________________________________________

Stream Protection Duration 
Annual Peaks for Predeveloped and Mitigated.  POC #1 
Year         Predeveloped    Mitigated  
1902           0.030          0.030 
1903           0.034          0.034 
1904           0.038          0.038 
1905           0.017          0.017 
1906           0.019          0.019 
1907           0.025          0.025 
1908           0.021          0.021 
1909           0.026          0.026 
1910           0.025          0.025 
1911           0.028          0.028 
1912           0.046          0.046 
1913           0.020          0.020 
1914           0.084          0.084 
1915           0.017          0.017 
1916           0.032          0.032 
1917           0.012          0.012 
1918           0.026          0.026 
1919           0.016          0.016 
1920           0.021          0.021 
1921           0.018          0.018 
1922           0.028          0.028 
1923           0.020          0.020 
1924           0.037          0.037 
1925           0.016          0.016 
1926           0.030          0.030 
1927           0.025          0.025 
1928           0.018          0.018 
1929           0.037          0.037 
1930           0.038          0.038 
1931           0.018          0.018 
1932           0.020          0.020 
1933           0.020          0.020 
1934           0.032          0.032 
1935           0.017          0.017 
1936           0.024          0.024 
1937           0.035          0.035 
1938           0.017          0.017 
1939           0.022          0.022 
1940           0.038          0.038 
1941           0.038          0.038 
1942           0.029          0.029 
1943           0.028          0.028 
1944           0.041          0.041 
1945           0.031          0.031 
1946           0.024          0.024 
1947           0.019          0.019 
1948           0.026          0.026 
1949           0.040          0.040 
1950           0.022          0.022 
1951           0.034          0.034 
1952           0.038          0.038 
1953           0.035          0.035 
1954           0.021          0.021 
1955           0.019          0.019 
1956           0.019          0.019 
1957           0.021          0.021 
1958           0.026          0.026 
1959           0.026          0.026 
1960           0.020          0.020 
1961           0.058          0.058 
1962           0.025          0.025 
1963           0.019          0.019 
1964           0.054          0.054 
1965           0.024          0.024 
1966           0.020          0.020 
1967           0.028          0.028 
1968           0.024          0.024 
1969           0.022          0.022 
1970           0.024          0.024 
1971           0.024          0.024 
1972           0.078          0.078 
1973           0.046          0.046 
1974           0.033          0.033 
1975           0.034          0.034 
1976           0.036          0.036 
1977           0.016          0.016 
1978           0.026          0.026 
1979           0.028          0.028 
1980           0.027          0.027 
1981           0.026          0.026 
1982           0.021          0.021 
1983           0.028          0.028 
1984           0.028          0.028 
1985           0.032          0.032 
1986           0.016          0.016 
1987           0.029          0.029 
1988           0.017          0.017 
1989           0.016          0.016 
1990           0.021          0.021 
1991           0.031          0.031 
1992           0.029          0.029 
1993           0.033          0.033 
1994           0.023          0.023 
1995           0.018          0.018 
1996           0.024          0.024 
1997           0.021          0.021 
1998           0.025          0.025 
1999           0.028          0.028 
2000           0.024          0.024 
2001           0.019          0.019 
2002           0.035          0.035 
2003           0.021          0.021 
2004           0.031          0.031 
2005           0.059          0.059 
2006           0.028          0.028 
2007           0.031          0.031 
2008           0.026          0.026 
2009           0.019          0.019 
2010           0.025          0.025 
2011           0.026          0.026 
2012           0.024          0.024 
2013           0.023          0.023 
2014           0.022          0.022 
2015           0.037          0.037 
2016           0.023          0.023 
2017           0.038          0.038 
2018           0.022          0.022 
2019           0.033          0.033 
2020           0.027          0.027 
2021           0.023          0.023 
2022           0.039          0.039 
2023           0.048          0.048 
2024           0.052          0.052 
2025           0.025          0.025 
2026           0.028          0.028 
2027           0.031          0.031 
2028           0.012          0.012 
2029           0.020          0.020 
2030           0.040          0.040 
2031           0.012          0.012 
2032           0.021          0.021 
2033           0.027          0.027 
2034           0.021          0.021 
2035           0.026          0.026 
2036           0.021          0.021 
2037           0.028          0.028 
2038           0.026          0.026 
2039           0.053          0.053 
2040           0.021          0.021 
2041           0.026          0.026 
2042           0.030          0.030 
2043           0.034          0.034 
2044           0.023          0.023 
2045           0.019          0.019 
2046           0.021          0.021 
2047           0.026          0.026 
2048           0.021          0.021 
2049           0.031          0.031 
2050           0.023          0.023 
2051           0.033          0.033 
2052           0.025          0.025 
2053           0.021          0.021 
2054           0.042          0.042 
2055           0.026          0.026 
2056           0.034          0.034 
2057           0.016          0.016 
2058           0.032          0.032 
2059           0.039          0.039 
___________________________________________________________________

Stream Protection Duration 
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1 
Rank     Predeveloped        Mitigated  
1         0.0839              0.0839 
2         0.0784              0.0784 
3         0.0590              0.0590 
4         0.0581              0.0581 
5         0.0538              0.0538 
6         0.0531              0.0531 
7         0.0516              0.0516 
8         0.0483              0.0483 
9         0.0459              0.0459 
10        0.0455              0.0455 
11        0.0424              0.0424 
12        0.0406              0.0406 
13        0.0396              0.0396 
14        0.0396              0.0396 
15        0.0393              0.0393 
16        0.0391              0.0391 
17        0.0384              0.0384 
18        0.0383              0.0383 
19        0.0380              0.0380 
20        0.0380              0.0380 
21        0.0380              0.0380 
22        0.0375              0.0375 
23        0.0374              0.0374 
24        0.0372              0.0372 
25        0.0366              0.0366 
26        0.0363              0.0363 
27        0.0354              0.0354 
28        0.0353              0.0353 
29        0.0352              0.0352 
30        0.0340              0.0340 
31        0.0339              0.0339 
32        0.0337              0.0337 
33        0.0335              0.0335 
34        0.0335              0.0335 
35        0.0334              0.0334 
36        0.0333              0.0333 
37        0.0329              0.0329 
38        0.0329              0.0329 
39        0.0322              0.0322 
40        0.0321              0.0321 
41        0.0320              0.0320 
42        0.0315              0.0315 
43        0.0314              0.0314 
44        0.0310              0.0310 
45        0.0309              0.0309 
46        0.0308              0.0308 
47        0.0308              0.0308 
48        0.0307              0.0307 
49        0.0305              0.0305 
50        0.0303              0.0303 
51        0.0303              0.0303 
52        0.0292              0.0292 
53        0.0285              0.0285 
54        0.0285              0.0285 
55        0.0283              0.0283 
56        0.0283              0.0283 
57        0.0283              0.0283 
58        0.0282              0.0282 
59        0.0281              0.0281 
60        0.0279              0.0279 
61        0.0277              0.0277 
62        0.0277              0.0277 
63        0.0276              0.0276 
64        0.0276              0.0276 
65        0.0276              0.0276 
66        0.0272              0.0272 
67        0.0272              0.0272 
68        0.0265              0.0265 
69        0.0264              0.0264 
70        0.0264              0.0264 
71        0.0263              0.0263 
72        0.0263              0.0263 
73        0.0260              0.0260 
74        0.0258              0.0258 
75        0.0258              0.0258 
76        0.0257              0.0257 
77        0.0256              0.0256 
78        0.0256              0.0256 
79        0.0256              0.0256 
80        0.0256              0.0256 
81        0.0255              0.0255 
82        0.0255              0.0255 
83        0.0255              0.0255 
84        0.0254              0.0254 
85        0.0251              0.0251 
86        0.0251              0.0251 
87        0.0250              0.0250 
88        0.0250              0.0250 
89        0.0247              0.0247 
90        0.0247              0.0247 
91        0.0245              0.0245 
92        0.0244              0.0244 
93        0.0242              0.0242 
94        0.0241              0.0241 
95        0.0239              0.0239 
96        0.0239              0.0239 
97        0.0238              0.0238 
98        0.0238              0.0238 
99        0.0237              0.0237 
100       0.0234              0.0234 
101       0.0234              0.0234 
102       0.0231              0.0231 
103       0.0230              0.0230 
104       0.0230              0.0230 
105       0.0228              0.0228 
106       0.0225              0.0225 
107       0.0224              0.0224 
108       0.0223              0.0223 
109       0.0218              0.0218 
110       0.0215              0.0215 
111       0.0214              0.0214 
112       0.0213              0.0213 
113       0.0211              0.0211 
114       0.0211              0.0211 
115       0.0210              0.0210 
116       0.0209              0.0209 
117       0.0209              0.0209 
118       0.0208              0.0208 
119       0.0208              0.0208 
120       0.0208              0.0208 
121       0.0207              0.0207 
122       0.0207              0.0207 
123       0.0206              0.0206 
124       0.0206              0.0206 
125       0.0206              0.0206 
126       0.0204              0.0204 
127       0.0202              0.0202 
128       0.0200              0.0200 
129       0.0199              0.0199 
130       0.0198              0.0198 
131       0.0198              0.0198 
132       0.0197              0.0197 
133       0.0195              0.0195 
134       0.0194              0.0194 
135       0.0194              0.0194 
136       0.0191              0.0191 
137       0.0190              0.0190 
138       0.0187              0.0187 
139       0.0186              0.0186 
140       0.0186              0.0186 
141       0.0185              0.0185 
142       0.0183              0.0183 
143       0.0180              0.0180 
144       0.0178              0.0178 
145       0.0173              0.0173 
146       0.0172              0.0172 
147       0.0170              0.0170 
148       0.0170              0.0170 
149       0.0170              0.0170 
150       0.0165              0.0165 
151       0.0163              0.0163 
152       0.0158              0.0158 
153       0.0156              0.0156 
154       0.0156              0.0156 
155       0.0155              0.0155 
156       0.0125              0.0125 
157       0.0122              0.0122 
158       0.0120              0.0120 
___________________________________________________________________

Stream Protection Duration 
POC #1 
The Facility PASSED 
 
The Facility PASSED. 
 
Flow(cfs) Predev  Mit Percentage Pass/Fail 
0.0128    4771    4771   100    Pass 
0.0132    4235    4235   100    Pass 
0.0137    3724    3724   100    Pass 
0.0141    3283    3283   100    Pass 
0.0146    2935    2935   100    Pass 
0.0150    2620    2620   100    Pass 
0.0154    2373    2373   100    Pass 
0.0159    2112    2112   100    Pass 
0.0163    1919    1919   100    Pass 
0.0168    1713    1713   100    Pass 
0.0172    1540    1540   100    Pass 
0.0176    1397    1397   100    Pass 
0.0181    1272    1272   100    Pass 
0.0185    1141    1141   100    Pass 
0.0190    1049    1049   100    Pass 
0.0194    957     957    100    Pass 
0.0198    861     861    100    Pass 
0.0203    794     794    100    Pass 
0.0207    727     727    100    Pass 
0.0212    645     645    100    Pass 
0.0216    595     595    100    Pass 
0.0220    544     544    100    Pass 
0.0225    498     498    100    Pass 
0.0229    467     467    100    Pass 
0.0234    419     419    100    Pass 
0.0238    390     390    100    Pass 
0.0242    347     347    100    Pass 
0.0247    320     320    100    Pass 
0.0251    294     294    100    Pass 
0.0256    268     268    100    Pass 
0.0260    243     243    100    Pass 
0.0264    219     219    100    Pass 
0.0269    201     201    100    Pass 
0.0273    188     188    100    Pass 
0.0278    174     174    100    Pass 
0.0282    160     160    100    Pass 
0.0287    146     146    100    Pass 
0.0291    137     137    100    Pass 
0.0295    126     126    100    Pass 
0.0300    122     122    100    Pass 
0.0304    114     114    100    Pass 
0.0309    105     105    100    Pass 
0.0313    96      96     100    Pass 
0.0317    89      89     100    Pass 
0.0322    84      84     100    Pass 
0.0326    79      79     100    Pass 
0.0331    75      75     100    Pass 
0.0335    67      67     100    Pass 
0.0339    62      62     100    Pass 
0.0344    61      61     100    Pass 
0.0348    58      58     100    Pass 
0.0353    57      57     100    Pass 
0.0357    55      55     100    Pass 
0.0361    53      53     100    Pass 
0.0366    48      48     100    Pass 
0.0370    46      46     100    Pass 
0.0375    43      43     100    Pass 
0.0379    42      42     100    Pass 
0.0383    37      37     100    Pass 
0.0388    34      34     100    Pass 
0.0392    33      33     100    Pass 
0.0397    28      28     100    Pass 
0.0401    28      28     100    Pass 
0.0405    28      28     100    Pass 
0.0410    27      27     100    Pass 
0.0414    27      27     100    Pass 
0.0419    27      27     100    Pass 
0.0423    24      24     100    Pass 
0.0428    23      23     100    Pass 
0.0432    22      22     100    Pass 
0.0436    22      22     100    Pass 
0.0441    21      21     100    Pass 
0.0445    20      20     100    Pass 
0.0450    20      20     100    Pass 
0.0454    17      17     100    Pass 
0.0458    16      16     100    Pass 
0.0463    15      15     100    Pass 
0.0467    15      15     100    Pass 
0.0472    15      15     100    Pass 
0.0476    15      15     100    Pass 
0.0480    15      15     100    Pass 
0.0485    14      14     100    Pass 
0.0489    14      14     100    Pass 
0.0494    13      13     100    Pass 
0.0498    13      13     100    Pass 
0.0502    13      13     100    Pass 
0.0507    12      12     100    Pass 
0.0511    12      12     100    Pass 
0.0516    12      12     100    Pass 
0.0520    11      11     100    Pass 
0.0524    11      11     100    Pass 
0.0529    11      11     100    Pass 
0.0533    10      10     100    Pass 
0.0538    10      10     100    Pass 
0.0542    9       9      100    Pass 
0.0546    9       9      100    Pass 
0.0551    9       9      100    Pass 
0.0555    9       9      100    Pass 
0.0560    8       8      100    Pass 
0.0564    8       8      100    Pass 
_____________________________________________________

___________________________________________________________________

Water Quality BMP Flow and Volume for POC #1  
On-line facility volume: 0.0078 acre-feet 
On-line facility target flow: 0.0108 cfs.  
Adjusted for 15 min: 0.0108 cfs.  
Off-line facility target flow: 0.0062 cfs.  
Adjusted for 15 min: 0.0062 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                                                           
Total Volume Infiltrated                  0.00           0.00      0.00                       0.00        0.00           0%            No Treat. Credit                         
Compliance with LID Standard 8                                                                                                         Duration Analysis Result = Passed        

___________________________________________________________________

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. 2005-2021; All Rights 



Bioretention Facility Sizing Calculations
The bioretention facility was sized using the bioretention element in WWHM.  A 5 foot by 5 foot bioretention facility is able to filter 97.87% which is higher than the 91% required treatment percentage.
Below is a screen shot from the WWHM bioretention facility.   Included below that is the WWHM Model Report Output.
 [image: ] 
[image: ] 

WWHM2012 
                    PROJECT REPORT 
___________________________________________________________________

Project Name: Onsite Bioretention Facility 
Site Name:  
Site Address:  
City     :  
Report Date: 5/18/2021 
Gage     :  
Data Start : 10/01/1901 
Data End : 09/30/2059 
Precip Scale: 1.00 
Version Date: 2019/09/13  
Version : 4.2.17  
___________________________________________________________________

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, Lawn, Mod                 .0459 
 
Pervious Total                0.0459 

Impervious Land Use         acre  
 ROADS FLAT                   0.215 
 
Impervious Total              0.215 

Basin Total                   0.2609 

___________________________________________________________________


Element Flows To:     
Surface               Interflow               Groundwater  
 
___________________________________________________________________


MITIGATED LAND USE  

Name   : Basin  1 
Bypass: No 

GroundWater: No 

Pervious Land Use           acre   
 C, Lawn, Mod                 .0459 
 
Pervious Total                0.0459 

Impervious Land Use         acre  
 ROADS FLAT                   0.215 
 
Impervious Total              0.215 

Basin Total                   0.2609 

___________________________________________________________________


Element Flows To:     
Surface               Interflow               Groundwater  
Surface retention  1  Surface retention  1   
___________________________________________________________________


Name   : Bioretention  1 
Bottom Length: 5.00 ft. 
Bottom Width: 5.00 ft. 
Material thickness of first layer:  1.5 
Material type for first layer:  SMMWW 12 in/hr 
Material thickness of second layer:  1.5 
Material type for second layer:  GRAVEL  
Material thickness of third layer:  0 
Material type for third layer:  GRAVEL  
Underdrain used   
Underdrain Diameter (feet):  0.5 
Orifice Diameter (in.):  6 
Offset (in.):  0 
Flow Through Underdrain (ac-ft.):  95.874 
Total Outflow (ac-ft.):  97.964 
Percent Through Underdrain:  97.87 
Discharge Structure  
Riser Height: 1 ft. 
Riser Diameter: 12 in. 

Element Flows To:     
Outlet 1              Outlet 2          
 
___________________________________________________________________


 
             Bioretention  1 Hydraulic Table 
 Stage(feet)  Area(ac.)  Volume(ac-ft.) Discharge(cfs) Infilt(cfs)   
0.0000      0.012144     0.000000     0.0000      0.0000 
0.0495      0.011936     0.000007     0.0000      0.0000 
0.0989      0.011628     0.000015     0.0000      0.0000 
0.1484      0.011323     0.000023     0.0000      0.0000 
0.1978      0.011022     0.000033     0.0000      0.0000 
0.2473      0.010726     0.000043     0.0001      0.0000 
0.2967      0.010434     0.000054     0.0001      0.0000 
0.3462      0.010145     0.000067     0.0001      0.0000 
0.3956      0.009861     0.000080     0.0002      0.0000 
0.4451      0.009580     0.000095     0.0002      0.0000 
0.4945      0.009304     0.000111     0.0003      0.0000 
0.5440      0.009032     0.000128     0.0004      0.0000 
0.5934      0.008764     0.000147     0.0005      0.0000 
0.6429      0.008500     0.000166     0.0005      0.0000 
0.6923      0.008240     0.000187     0.0006      0.0000 
0.7418      0.007983     0.000210     0.0007      0.0000 
0.7912      0.007731     0.000234     0.0009      0.0000 
0.8407      0.007483     0.000259     0.0011      0.0000 
0.8901      0.007240     0.000286     0.0011      0.0000 
0.9396      0.007000     0.000315     0.0013      0.0000 
0.9890      0.006764     0.000345     0.0015      0.0000 
1.0385      0.006532     0.000377     0.0017      0.0000 
1.0879      0.006304     0.000410     0.0020      0.0000 
1.1374      0.006081     0.000446     0.0022      0.0000 
1.1868      0.005861     0.000483     0.0022      0.0000 
1.2363      0.005645     0.000522     0.0025      0.0000 
1.2857      0.005434     0.000563     0.0028      0.0000 
1.3352      0.005226     0.000606     0.0032      0.0000 
1.3846      0.005022     0.000651     0.0036      0.0000 
1.4341      0.004823     0.000698     0.0037      0.0000 
1.4835      0.004628     0.000747     0.0039      0.0000 
1.5330      0.004436     0.000794     0.0044      0.0000 
1.5824      0.004249     0.000842     0.0048      0.0000 
1.6319      0.004066     0.000893     0.0053      0.0000 
1.6813      0.003886     0.000945     0.0056      0.0000 
1.7308      0.003711     0.001000     0.0057      0.0000 
1.7802      0.003540     0.001057     0.0063      0.0000 
1.8297      0.003373     0.001116     0.0068      0.0000 
1.8791      0.003210     0.001177     0.0116      0.0000 
1.9286      0.003051     0.001240     0.0116      0.0000 
1.9780      0.002896     0.001306     0.0116      0.0000 
2.0275      0.002745     0.001375     0.0116      0.0000 
2.0769      0.002598     0.001445     0.0116      0.0000 
2.1264      0.002455     0.001518     0.0116      0.0000 
2.1758      0.002316     0.001594     0.0116      0.0000 
2.2253      0.002181     0.001672     0.0116      0.0000 
2.2747      0.002050     0.001752     0.0116      0.0000 
2.3242      0.001924     0.001836     0.0116      0.0000 
2.3736      0.001801     0.001922     0.0116      0.0000 
2.4231      0.001682     0.002010     0.0116      0.0000 
2.4725      0.001568     0.002101     0.0116      0.0000 
2.5220      0.001457     0.002195     0.0116      0.0000 
2.5714      0.001351     0.002292     0.0116      0.0000 
2.6209      0.001248     0.002392     0.0116      0.0000 
2.6703      0.001150     0.002495     0.0116      0.0000 
2.7198      0.001055     0.002600     0.0116      0.0000 
2.7692      0.000965     0.002709     0.0116      0.0000 
2.8187      0.000879     0.002820     0.0116      0.0000 
2.8681      0.000796     0.002935     0.0116      0.0000 
2.9176      0.000718     0.003053     0.0116      0.0000 
2.9670      0.000644     0.003174     0.0116      0.0000 
3.0000      0.000574     0.003256     0.0116      0.0000 
 
             Surface retention  1 Hydraulic Table 
 Stage(feet)  Area(ac.)  Volume(ac-ft.) Discharge(cfs) To Amended(cfs)  Wetted Surface   
3.0000      0.012144     0.003256     0.0000      0.0069        0.0000 
3.0495      0.012460     0.003864     0.0000      0.0069        0.0000 
3.0989      0.012779     0.004488     0.0000      0.0074        0.0000 
3.1484      0.013102     0.005128     0.0000      0.0076        0.0000 
3.1978      0.013430     0.005784     0.0000      0.0079        0.0000 
3.2473      0.013761     0.006457     0.0000      0.0081        0.0000 
3.2967      0.014097     0.007146     0.0000      0.0083        0.0000 
3.3462      0.014436     0.007851     0.0000      0.0085        0.0000 
3.3956      0.014780     0.008573     0.0000      0.0088        0.0000 
3.4451      0.015128     0.009313     0.0000      0.0090        0.0000 
3.4945      0.015479     0.010070     0.0000      0.0092        0.0000 
3.5440      0.015835     0.010844     0.0000      0.0095        0.0000 
3.5934      0.016195     0.011636     0.0000      0.0097        0.0000 
3.6429      0.016559     0.012446     0.0000      0.0099        0.0000 
3.6923      0.016927     0.013274     0.0000      0.0101        0.0000 
3.7418      0.017299     0.014120     0.0000      0.0104        0.0000 
3.7912      0.017675     0.014985     0.0000      0.0106        0.0000 
3.8407      0.018055     0.015868     0.0000      0.0108        0.0000 
3.8901      0.018439     0.016770     0.0000      0.0111        0.0000 
3.9396      0.018827     0.017692     0.0000      0.0113        0.0000 
3.9890      0.019219     0.018632     0.0000      0.0115        0.0000 
4.0385      0.019615     0.019593     0.0800      0.0118        0.0000 
4.0879      0.020015     0.020573     0.2754      0.0120        0.0000 
4.1374      0.020420     0.021572     0.5323      0.0122        0.0000 
4.1868      0.020828     0.022592     0.8261      0.0124        0.0000 
4.2363      0.021240     0.023632     1.1332      0.0127        0.0000 
4.2857      0.021657     0.024693     1.4294      0.0129        0.0000 
4.3352      0.022077     0.025774     1.6924      0.0131        0.0000 
4.3846      0.022502     0.026877     1.9054      0.0134        0.0000 
4.4341      0.022930     0.028000     2.0620      0.0136        0.0000 
4.4835      0.023363     0.029144     2.1721      0.0138        0.0000 
4.5000      0.023508     0.029531     2.2994      0.0139        0.0000 
___________________________________________________________________

Name   : Surface retention  1 

Element Flows To:     
Outlet 1              Outlet 2          
Bioretention  1        
___________________________________________________________________


___________________________________________________________________

                     ANALYSIS RESULTS 

                Stream Protection Duration 

___________________________________________________________________

Predeveloped Landuse Totals for POC #1 
Total Pervious Area:0.0459 
Total Impervious Area:0.215 
___________________________________________________________________

Mitigated Landuse Totals for POC #1 
Total Pervious Area:0.0459 
Total Impervious Area:0.215 
___________________________________________________________________

Flow Frequency Return Periods for Predeveloped.  POC #1 
Return Period         Flow(cfs) 
2 year                  0.077441 
5 year                  0.104792 
10 year                 0.124796 
25 year                 0.152311 
50 year                 0.174492 
100 year                0.198164 

Flow Frequency Return Periods for Mitigated.  POC #1 
Return Period         Flow(cfs) 
2 year                  0.032388 
5 year                  0.062528 
10 year                 0.086885 
25 year                 0.122038 
50 year                 0.151079 
100 year                0.182333 
___________________________________________________________________

Stream Protection Duration 
Annual Peaks for Predeveloped and Mitigated.  POC #1 
Year         Predeveloped    Mitigated  
1902           0.089          0.056 
1903           0.099          0.011 
1904           0.121          0.049 
1905           0.051          0.037 
1906           0.056          0.011 
1907           0.079          0.079 
1908           0.063          0.038 
1909           0.076          0.032 
1910           0.074          0.077 
1911           0.085          0.024 
1912           0.152          0.133 
1913           0.059          0.034 
1914           0.261          0.041 
1915           0.052          0.011 
1916           0.095          0.055 
1917           0.036          0.011 
1918           0.076          0.035 
1919           0.048          0.011 
1920           0.065          0.028 
1921           0.055          0.034 
1922           0.089          0.059 
1923           0.060          0.039 
1924           0.110          0.020 
1925           0.047          0.011 
1926           0.089          0.046 
1927           0.073          0.027 
1928           0.056          0.011 
1929           0.112          0.068 
1930           0.113          0.011 
1931           0.056          0.041 
1932           0.060          0.041 
1933           0.059          0.057 
1934           0.102          0.085 
1935           0.050          0.011 
1936           0.072          0.011 
1937           0.104          0.086 
1938           0.052          0.026 
1939           0.065          0.011 
1940           0.114          0.055 
1941           0.112          0.010 
1942           0.089          0.063 
1943           0.086          0.028 
1944           0.126          0.120 
1945           0.092          0.052 
1946           0.074          0.011 
1947           0.055          0.030 
1948           0.077          0.068 
1949           0.117          0.071 
1950           0.066          0.011 
1951           0.100          0.010 
1952           0.125          0.125 
1953           0.114          0.119 
1954           0.063          0.021 
1955           0.057          0.011 
1956           0.056          0.009 
1957           0.062          0.037 
1958           0.080          0.077 
1959           0.081          0.049 
1960           0.061          0.011 
1961           0.179          0.065 
1962           0.075          0.046 
1963           0.055          0.011 
1964           0.170          0.031 
1965           0.074          0.068 
1966           0.061          0.019 
1967           0.089          0.011 
1968           0.072          0.035 
1969           0.065          0.035 
1970           0.076          0.047 
1971           0.074          0.067 
1972           0.247          0.083 
1973           0.134          0.075 
1974           0.100          0.040 
1975           0.111          0.089 
1976           0.115          0.063 
1977           0.046          0.011 
1978           0.084          0.085 
1979           0.084          0.010 
1980           0.084          0.011 
1981           0.077          0.026 
1982           0.063          0.011 
1983           0.087          0.057 
1984           0.087          0.042 
1985           0.101          0.032 
1986           0.050          0.014 
1987           0.084          0.073 
1988           0.051          0.039 
1989           0.047          0.033 
1990           0.063          0.034 
1991           0.094          0.061 
1992           0.086          0.072 
1993           0.099          0.038 
1994           0.071          0.053 
1995           0.053          0.010 
1996           0.074          0.063 
1997           0.065          0.011 
1998           0.079          0.074 
1999           0.081          0.010 
2000           0.073          0.011 
2001           0.057          0.011 
2002           0.114          0.033 
2003           0.062          0.054 
2004           0.092          0.056 
2005           0.177          0.011 
2006           0.082          0.010 
2007           0.094          0.091 
2008           0.077          0.027 
2009           0.057          0.013 
2010           0.075          0.065 
2011           0.077          0.010 
2012           0.074          0.071 
2013           0.071          0.022 
2014           0.066          0.010 
2015           0.120          0.048 
2016           0.069          0.010 
2017           0.112          0.117 
2018           0.072          0.074 
2019           0.108          0.104 
2020           0.085          0.011 
2021           0.070          0.065 
2022           0.117          0.011 
2023           0.142          0.033 
2024           0.167          0.124 
2025           0.074          0.035 
2026           0.082          0.058 
2027           0.091          0.030 
2028           0.036          0.010 
2029           0.060          0.033 
2030           0.117          0.076 
2031           0.037          0.011 
2032           0.062          0.009 
2033           0.078          0.010 
2034           0.061          0.040 
2035           0.081          0.079 
2036           0.061          0.052 
2037           0.082          0.011 
2038           0.084          0.081 
2039           0.157          0.010 
2040           0.063          0.046 
2041           0.080          0.020 
2042           0.090          0.082 
2043           0.099          0.060 
2044           0.070          0.049 
2045           0.057          0.022 
2046           0.063          0.040 
2047           0.076          0.011 
2048           0.062          0.062 
2049           0.093          0.065 
2050           0.071          0.031 
2051           0.103          0.105 
2052           0.074          0.044 
2053           0.063          0.048 
2054           0.137          0.080 
2055           0.077          0.011 
2056           0.099          0.011 
2057           0.049          0.029 
2058           0.093          0.017 
2059           0.116          0.070 
___________________________________________________________________

Stream Protection Duration 
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1 
Rank     Predeveloped        Mitigated  
1         0.2606              0.1333 
2         0.2470              0.1248 
3         0.1793              0.1244 
4         0.1765              0.1195 
5         0.1696              0.1194 
6         0.1669              0.1170 
7         0.1568              0.1050 
8         0.1516              0.1040 
9         0.1423              0.0908 
10        0.1370              0.0886 
11        0.1342              0.0856 
12        0.1258              0.0851 
13        0.1246              0.0847 
14        0.1210              0.0829 
15        0.1201              0.0819 
16        0.1173              0.0807 
17        0.1170              0.0805 
18        0.1170              0.0791 
19        0.1159              0.0788 
20        0.1146              0.0774 
21        0.1144              0.0765 
22        0.1137              0.0761 
23        0.1135              0.0750 
24        0.1134              0.0739 
25        0.1122              0.0737 
26        0.1120              0.0729 
27        0.1119              0.0725 
28        0.1106              0.0713 
29        0.1101              0.0711 
30        0.1079              0.0702 
31        0.1043              0.0684 
32        0.1035              0.0680 
33        0.1022              0.0678 
34        0.1013              0.0666 
35        0.1001              0.0654 
36        0.0999              0.0652 
37        0.0994              0.0646 
38        0.0992              0.0646 
39        0.0990              0.0634 
40        0.0985              0.0631 
41        0.0951              0.0628 
42        0.0944              0.0621 
43        0.0942              0.0614 
44        0.0929              0.0601 
45        0.0926              0.0589 
46        0.0924              0.0577 
47        0.0920              0.0572 
48        0.0908              0.0569 
49        0.0898              0.0558 
50        0.0894              0.0557 
51        0.0893              0.0553 
52        0.0892              0.0552 
53        0.0890              0.0538 
54        0.0887              0.0530 
55        0.0871              0.0517 
56        0.0868              0.0516 
57        0.0861              0.0493 
58        0.0855              0.0488 
59        0.0849              0.0487 
60        0.0848              0.0484 
61        0.0844              0.0479 
62        0.0841              0.0466 
63        0.0840              0.0463 
64        0.0839              0.0461 
65        0.0836              0.0460 
66        0.0821              0.0443 
67        0.0819              0.0416 
68        0.0817              0.0414 
69        0.0812              0.0412 
70        0.0811              0.0406 
71        0.0805              0.0403 
72        0.0803              0.0400 
73        0.0797              0.0400 
74        0.0794              0.0391 
75        0.0787              0.0386 
76        0.0781              0.0381 
77        0.0775              0.0380 
78        0.0772              0.0373 
79        0.0767              0.0368 
80        0.0766              0.0351 
81        0.0765              0.0350 
82        0.0763              0.0349 
83        0.0761              0.0347 
84        0.0760              0.0344 
85        0.0755              0.0336 
86        0.0750              0.0335 
87        0.0749              0.0333 
88        0.0744              0.0332 
89        0.0743              0.0331 
90        0.0742              0.0328 
91        0.0742              0.0317 
92        0.0741              0.0316 
93        0.0740              0.0315 
94        0.0737              0.0306 
95        0.0737              0.0304 
96        0.0734              0.0299 
97        0.0730              0.0294 
98        0.0721              0.0277 
99        0.0721              0.0276 
100       0.0721              0.0273 
101       0.0714              0.0266 
102       0.0712              0.0258 
103       0.0710              0.0256 
104       0.0702              0.0238 
105       0.0698              0.0221 
106       0.0689              0.0218 
107       0.0660              0.0210 
108       0.0656              0.0200 
109       0.0653              0.0199 
110       0.0652              0.0194 
111       0.0646              0.0167 
112       0.0645              0.0137 
113       0.0635              0.0135 
114       0.0632              0.0115 
115       0.0631              0.0114 
116       0.0631              0.0114 
117       0.0630              0.0113 
118       0.0626              0.0113 
119       0.0626              0.0113 
120       0.0623              0.0113 
121       0.0623              0.0113 
122       0.0622              0.0112 
123       0.0619              0.0111 
124       0.0611              0.0111 
125       0.0611              0.0111 
126       0.0608              0.0111 
127       0.0606              0.0111 
128       0.0605              0.0110 
129       0.0605              0.0109 
130       0.0604              0.0109 
131       0.0593              0.0109 
132       0.0591              0.0109 
133       0.0574              0.0109 
134       0.0572              0.0108 
135       0.0571              0.0108 
136       0.0568              0.0108 
137       0.0563              0.0108 
138       0.0562              0.0108 
139       0.0559              0.0108 
140       0.0556              0.0107 
141       0.0555              0.0107 
142       0.0553              0.0106 
143       0.0547              0.0105 
144       0.0535              0.0105 
145       0.0519              0.0105 
146       0.0516              0.0103 
147       0.0513              0.0103 
148       0.0509              0.0102 
149       0.0501              0.0101 
150       0.0497              0.0101 
151       0.0485              0.0100 
152       0.0479              0.0099 
153       0.0469              0.0099 
154       0.0468              0.0098 
155       0.0464              0.0098 
156       0.0373              0.0098 
157       0.0358              0.0094 
158       0.0355              0.0094 
___________________________________________________________________

Stream Protection Duration 
POC #1 
The Facility PASSED 
 
The Facility PASSED. 
 
Flow(cfs) Predev  Mit Percentage Pass/Fail 
0.0387    4618    1105   23     Pass 
0.0401    4072    1012   24     Pass 
0.0415    3559    932    26     Pass 
0.0428    3165    869    27     Pass 
0.0442    2830    795    28     Pass 
0.0456    2532    726    28     Pass 
0.0469    2264    665    29     Pass 
0.0483    2035    608    29     Pass 
0.0497    1833    562    30     Pass 
0.0511    1652    519    31     Pass 
0.0524    1481    475    32     Pass 
0.0538    1337    439    32     Pass 
0.0552    1211    402    33     Pass 
0.0565    1093    363    33     Pass 
0.0579    999     332    33     Pass 
0.0593    913     305    33     Pass 
0.0607    825     275    33     Pass 
0.0620    755     254    33     Pass 
0.0634    693     231    33     Pass 
0.0648    627     211    33     Pass 
0.0661    573     188    32     Pass 
0.0675    535     174    32     Pass 
0.0689    478     158    33     Pass 
0.0703    444     148    33     Pass 
0.0716    401     134    33     Pass 
0.0730    366     125    34     Pass 
0.0744    335     109    32     Pass 
0.0757    312     97     31     Pass 
0.0771    276     84     30     Pass 
0.0785    254     75     29     Pass 
0.0799    231     68     29     Pass 
0.0812    212     61     28     Pass 
0.0826    197     55     27     Pass 
0.0840    177     51     28     Pass 
0.0853    168     46     27     Pass 
0.0867    153     41     26     Pass 
0.0881    142     38     26     Pass 
0.0895    126     35     27     Pass 
0.0908    118     33     27     Pass 
0.0922    112     29     25     Pass 
0.0936    107     27     25     Pass 
0.0949    102     26     25     Pass 
0.0963    98      25     25     Pass 
0.0977    89      23     25     Pass 
0.0991    81      21     25     Pass 
0.1004    75      21     28     Pass 
0.1018    74      20     27     Pass 
0.1032    68      20     29     Pass 
0.1045    64      19     29     Pass 
0.1059    58      16     27     Pass 
0.1073    57      14     24     Pass 
0.1087    55      13     23     Pass 
0.1100    55      12     21     Pass 
0.1114    53      10     18     Pass 
0.1128    50      10     20     Pass 
0.1141    46      10     21     Pass 
0.1155    41      9      21     Pass 
0.1169    39      7      17     Pass 
0.1183    36      6      16     Pass 
0.1196    34      3      8      Pass 
0.1210    32      3      9      Pass 
0.1224    31      3      9      Pass 
0.1237    31      3      9      Pass 
0.1251    29      1      3      Pass 
0.1265    27      1      3      Pass 
0.1279    27      1      3      Pass 
0.1292    26      1      3      Pass 
0.1306    26      1      3      Pass 
0.1320    26      1      3      Pass 
0.1333    23      1      4      Pass 
0.1347    22      0      0      Pass 
0.1361    22      0      0      Pass 
0.1375    21      0      0      Pass 
0.1388    21      0      0      Pass 
0.1402    21      0      0      Pass 
0.1416    20      0      0      Pass 
0.1429    18      0      0      Pass 
0.1443    17      0      0      Pass 
0.1457    17      0      0      Pass 
0.1471    17      0      0      Pass 
0.1484    16      0      0      Pass 
0.1498    16      0      0      Pass 
0.1512    15      0      0      Pass 
0.1525    14      0      0      Pass 
0.1539    14      0      0      Pass 
0.1553    14      0      0      Pass 
0.1567    13      0      0      Pass 
0.1580    12      0      0      Pass 
0.1594    12      0      0      Pass 
0.1608    12      0      0      Pass 
0.1621    12      0      0      Pass 
0.1635    12      0      0      Pass 
0.1649    11      0      0      Pass 
0.1663    11      0      0      Pass 
0.1676    10      0      0      Pass 
0.1690    10      0      0      Pass 
0.1704    9       0      0      Pass 
0.1717    8       0      0      Pass 
0.1731    7       0      0      Pass 
0.1745    7       0      0      Pass 
_____________________________________________________

___________________________________________________________________

Water Quality BMP Flow and Volume for POC #1  
On-line facility volume: 0.0078 acre-feet 
On-line facility target flow: 0.0108 cfs.  
Adjusted for 15 min: 0.0108 cfs.  
Off-line facility target flow: 0.0062 cfs.  
Adjusted for 15 min: 0.0062 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                                                           
retention  1 POC                   N      89.15                                        N      0.00                                                                              
Total Volume Infiltrated                  89.15          0.00      0.00                       0.00        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. 2005-2021; All Rights Reserved.



















D. [bookmark: _Toc73448945]
Conveyance System Design

The model shows that the system can accommodate the 25-year storm event with 0.5 feet of freeboard between top of water surface elevation and top of structure.  A 25-year storm event of 3.5 inches was used.  A tailwater elevation of 100.9 was chosen which is 90% full at the connection to the City system.
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E. [bookmark: _Toc73448946]Emerging Technology Use Level Designations

See next page. 
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Figure 1 - Existing Site Use
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Water Quality BMP Flow and Volume for POC #1
On-line facility volume: 0.0078 acre-feet
On-line facility target flow: 0.0108 cfs.
Adjusted for 15 min: 0.0108 ofs.

target flow: 0.0062 ofs.
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Bioretention Dimensions

Bioretention Bottom Elevatior |0

Facility Name Bioretention 1

Outlet 1 Outlet 2 Outlet 3
Downstream Connection o o 0
I” Use simple Bioretention Quick Swale Size Water Quality | _ Size Facility |

Bioretention Length [ft) 5.000
Bioretention Bottom Width (ft) 5.000
Freeboard (ft) 0.500
Over-road Flooding (ft) 0.000
Effective Total Depth [ft] 45

Bottom slope of bioretention.(0-1]  [1.000

" Sidewall Invert Locatiol

Front and Back side slope (HA)  [3000
Left Side Slope (HAV) 3.000
Right Side Slope (HAV) 3.000
Material Layers for

Layer1 Layer2 Layer3
Depth (f) 1.500 | [1.500 | [0.000
Soil Layer 1 [SMMwWW 12indhe + |
Sollayer2  [GRAVEL B
Sollayer3  [GRAVEL B

Underdrain Diameter(ft) [05 --/Offset(in)

Orifice Diameter(in) I T
Flow Thiough Underdrain (ac-t) 95,874

Total Outflow (acft) 97.954

Percent Through Underdrain 97.87

W Percent Fitered 97.87

Facility Dimension Diagram |

|Riser Dutlet Structure =
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Riser Height Above bioretention surface (ft)  [{ -~
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Rainfall Events Listing

Event# Event  StormType  Cuve Mode Duraion B/B  Depth AMC
Name (hours) (inches)

1 25-Year Type IA 24-hr Default 2400 1 350 2




image16.jpeg
18

To MH-1

Pipe 1

Manhole in Street

Reach|

4

Pipe 3

Routing Diagram for Coldest Ice Conveyance Model
Prepared by City of Tacoma, Printed 5/18/2021
HydroCAD® 10.10-5a sin 11726 © 2020 HydroCAD Software Solutions LLC





image17.jpeg
Coldest Ice Conveyance Model Type IA 24-hr 25-Year Rainfall=3.50"
Prepared by City of Tacoma Printed 5/18/2021
HydroCAD® 10.10-5a_s/n 11726 © 2020 HydroCAD Software Solutions LLC Page 14

Summary for Pond 7P: Manhole in Street

[82] Warning: Early inflow requires earlier time span
[57] Hint: Peaked at 100.16' (Flood elevation advised)
[80] Warning: Exceeded Pond 3P by 0.06' @ 5.00 hrs (0.06 cfs 0.016 af)

Inflow Area = 0.095 ac,100.00% Impervious, Inflow Depth > 2.60" for 25-Year event
Inflow 0.08cfs@ 7.78 hrs, Volume= 0.021 af

Outflow = 0.08cfs@ 7.78 hrs, Volume= 0.021 af, Atten=0%, Lag= 0.0 min
Primary = 0.08cfs@ 7.78 hrs, Volume= 0.021 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev=100.16' @ 7.78 hrs

Device Routing Invert Outlet Devices
#1  Primary 100.00' 11.0" Round Culvert
L=50.0' CPP, projecting, no headwall, Ke= 0.900
Inlet / Outlet Invert= 100.00'/ 99.50' $=0.0100 '/ Cc= 0.900
n=0.010 PVC, smooth interior, Flow Area= 0.66 sf

Primary OutFlow Max=0.08 cfs @ 7.78 hrs HW=100.16"' (Free Discharge)
T 1=Culvert (Inlet Controls 0.08 cfs @ 1.06 fps)

Pond 7P: Manhole in Street
Hydrograph

\ i
o e
0.08- /
0.065- v
0064
oo " Round Culvert |
N I n=0.010
2 om - L=50.0"
e $=0.0100/

002
0015
001

0.005:

5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Time (hours)
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Summary for Pond 4P: Pipe 2

[82] Warning: Early inflow requires earlier time span
[57] Hint: Peaked at 100.26' (Flood elevation advised)
[80] Warning: Exceeded Pond 2P by 29.92' @ 17.10 hrs (16.19 cfs 2.623 af)

Inflow Area = 0.070 ac,100.00% Impervious, Inflow Depth > 2.60" for 25-Year event
Inflow 0.06cfs@ 7.78 hrs, Volume= 0.015 af

Outflow = 0.06cfs@ 7.78 hrs, Volume= 0.015 af, Atten=0%, Lag=0.0 min
Primary = 0.06cfs@ 7.78 hrs, Volume= 0.015 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev=100.26' @ 7.84 hrs

Device Routing Invert Outlet Devices
#1  Primary 80.22' 12.0" Round Culvert
L=75.0' CMP, projecting, no headwall, Ke=0.900
Inlet / Outlet Invert= 80.22' / 79.84' S$=0.0051"/" Cc=0.900
n=0.010 PVC, smooth interior, Flow Area= 0.79 sf

Primary OutFlow Max=0.00 cfs @ 7.78 hrs HW=100.26' TW=100.26' (Dynamic Tailwater)
“*_1=Culvert ( Controls 0.00 cfs)

Pond 4P: Pipe 2
Hydrograph

—gs — =
Inflow Area=0.070 ac -
iz Peak Elev=100.26"
o | 12.0"
el Round Culvert
S ool n=0.010
=0 Lerso
oo2{” $=0.005

0,005

5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Time (hours)
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Type IA 24-hr 25-Year Rainfall=3.50"
Printed 5/18/2021

Summary for Pond 3P: Pipe 3

[82] Warning: Early inflow requires earlier time span
[57] Hint: Peaked at 100.26' (Flood elevation advised)
[80] Warning: Exceeded Pond 4P by 10.00' @ 5.00 hrs (9.44 cfs 0.477 af)

Inflow Area =

Inflow

Outflow =
Primary =

0.095 ac,100.00% Impervious, Inflow Depth > 2.60" for 25-Year event
7.78 hrs, Volume=
7.78 hrs, Volume=
7.78 hrs, Volume=

0.08 cfs @
0.08 cfs @
0.08 cfs @

0.021 af
0.021 af, Atten=0%, Lag= 0.0 min
0.021 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev=100.26' @ 7.79 hrs

Device _Routing

Invert Outlet Devices

#1  Primary

90.00

4.0" Round Culvert
L=75.0' CPP, projecting, no headwall, Ke= 0.900
Inlet / Outlet Invert= 90.00'/ 89.63' S=0.0049 /" Cc=0.900
n=0.010 PVC, smooth interior, Flow Area= 0.09 sf

Primary OutFlow Max=0.08 cfs @ 7.78 hrs HW=100.26' TW=100.16' (Dynamic Tailwater)
T 1=Culvert (Outlet Controls 0.08 cfs @ 0.91 fps)

Flow (cfs)

Pond 3P: Pipe 3

Hydrograph

0.085
0]~

0075
oor]”

0085

\ =

Peak Elev=100.26'
a4

0.06-

0,055
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0045

' Round Culvert |
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001
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\
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Summary for Pond 2P: Pipe 1

[82] Warning: Early inflow requires earlier time span
[57] Hint: Peaked at 100.26' (Flood elevation advised)
[87] Warning: Oscillations may require smaller dt or Finer Routing (severity=111)

Inflow Area = 0.050 ac,100.00% Impervious, Inflow Depth > 2.61" for 25-Year event
Inflow 0.04cfs@ 7.78 hrs, Volume= 0.011 af

Outflow = 0.04cfs@ 7.78 hrs, Volume= 0.011 af, Atten=0%, Lag= 0.0 min
Primary = 0.04cfs@ 7.78 hrs, Volume= 0.011 af

Routing by Dyn-Stor-Ind method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Peak Elev=100.26' @ 7.89 hrs

Device Routing Invert Outlet Devices
#1  Primary 70.00" 12.0" Round Culvert
L=65.0' CMP, projecting, no headwall, Ke=0.900
Inlet / Outlet Invert=70.00'/ 69.67' S=0.0051"/" Cc=0.900
n=0.010 PVC, smooth interior, Flow Area= 0.79 sf

g_mary OutFlow Max=0.00 cfs @ 7.78 hrs HW=100.25' TW=100.26' (Dynamic Tailwater)
1=Culvert ( Controls 0.00 cfs)

Pond 2P: Pipe 1
Hydrograph

W inflow
0 Primary

" Inflow Area=0.050 ac |
lev=100.26"
12.0"
und Culvert
n=0.010
=65
$=0.0051"/"

Flow (cfs)

s 6 7 8 9 10 11 12 13 14 15
Time (hours)
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Summary for Subcatchment 6S: Area 3

[46] Hint: Tc=0 (Instant runoff peak depends on dt)
Runoff = 0.02cfs@ 7.78 hrs, Volume= 0.005 af, Depth> 2.61"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type |A 24-hr 25-Year Rainfall=3.50"

Area (ac) CN__ Description
£ 0.025 98
0.025 100.00% Impervious Area

Subcatchment 6S: Area 3

Hydrograph
oos{ |
ooz
00214
oea]”
Pysrs f -
00184
ooir]
006 Runoff Are
St Runoff Vol

0014
0013
0012
0011
001
0.008.
0008
0.0074
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0,005
0.004-44
0,003 I
00024 - 1 i
0.001

Flow (cfs)

5 6 7 8 9 1 11 12 13 14 15 16 17 18 19 20
Time (hours)




image22.jpeg
Coldest Ice Conveyance Model Type IA 24-hr 25-Year Rainfall=3.50"
Prepared by City of Tacoma Printed 5/18/2021
HydroCAD® 10.10-5a_s/n 11726 © 2020 HydroCAD Software Solutions LLC Page 9

Summary for Subcatchment 5S: Area 2

[46] Hint: Tc=0 (Instant runoff peak depends on dt)
Runoff = 0.02cfs@ 7.78 hrs, Volume= 0.004 af, Depth> 2.61"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type |A 24-hr 25-Year Rainfall=3.50"

Area (ac) CN__ Description
£ 0.020 98
0.020 100.00% Impervious Area

Subcatchment 5S: Area 2
Hydrograph

0018
0017
0016
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0012
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oot
0000
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Summary for Subcatchment 1S: To MH-1

[46] Hint: Tc=0 (Instant runoff peak depends on dt)
Runoff = 0.04cfs@ 7.78 hrs, Volume= 0.011 af, Depth> 2.61"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type |A 24-hr 25-Year Rainfall=3.50"

Area (ac) CN__ Description
£ 0.050 98
0.050 100.00% Impervious Area

Subcatchment 1S: To MH-1

Hydrograph
oossf |

Cos

0.0424 "

e

oxs] |

0.0364 "

000

002 Runoff Are
1 Runoff Vol

0.0281
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0.024
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0018
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0,006 I
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0.002
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Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Dyn-Stor-Ind method - Pond routing by Dyn-Stor-Ind method

Subcatchment 1S: To MH-1 Runoff Area=0.050 ac 100.00% Impervious Runoff Depth>2.61"
Tc=0.0 min CN=98 Runoff=0.04 cfs 0.011 af

Subcatchment 5S: Area 2 Runoff Area=0.020 ac 100.00% Impervious Runoff Depth>2.61"
Tc=0.0 min CN=98 Runoff=0.02 cfs 0.004 af

Subcatchment 6S: Area 3 Runoff Area=0.025 ac 100.00% Impervious Runoff Depth>2.61"
Tc=0.0 min CN=98 Runoff=0.02 cfs 0.005 af

Pond 2P: Pipe 1 Peak Elev=100.26" Inflo
12.0" Round Culvert n=0.010 L=65.0" $=0.0051"" Outflo

04 cfs 0.011 af
04 cfs 0.011 af

Pond 3P: Pipe 3 Peak Elev=100.26' Inflow=0.08 cfs 0.021 af
4.0" Round Culvert n=0.010 L=75.0' $=0.0049 /" Outflow=0.08 cfs 0.021 af

Pond 4P: Pipe 2 Peak Elev=100.26' Inflow=0.06 cfs 0.015 af
12.0" Round Culvert n=0.010 L=75.0' $=0.0051"" Outflow=0.06 cfs 0.015 af

Pond 7P: Manhole in Street Peak Elev=100.16" Inflow=0.08 cfs 0.021 af
11.0" Round Culvert n=0.010 L=50.0' $=0.0100 "/ Outflow=0.08 cfs 0.021 af

Total Runoff Area = 0.095 ac Runoff Volume = 0.021 af Average Runoff Depth = 2.61"
0.00% Pervious = 0.000 ac  100.00% Impervious = 0.095 ac
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Pipe Listing (all nodes)

Line# Node In-invert  Out-Invert  Length  Slope n  Width Diam/Height Inside-Fil
Number (feet) (feet) (feet)  (fuft) (inches) (inches) (inches)

1 2P 70.00 69.67 650 0.0051 0.010 0.0 12.0 0.0

2 3P 90.00 89.63 750 0.0049 0.010 0.0 4.0 0.0

3 4P 80.22 79.84 750 0.0051 0.010 0.0 12.0 0.0

4 7P 100.00 99.50 500 0.0100 0.010 0.0 1.0 0.0
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Ground Covers (all nodes)

HSG-A  HSG-B  HSG-C  HSGD Other Total  Ground Subcatchment
(acres)  (acres)  (acres)  (acres)  (acres)  (acres) Cover Numbers
0.000 0.000 0.000 0.000 0.095 0.095 1S, 58, 68

0.000 0.000 0.000 0.000 0.095 0.095 TOTAL AREA
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Soil Listing (all nodes)

Area  Soil Subcatchment
(acres)  Group  Numbers
0000 HSGA
0.000 HSGB
0000 HSGC
0.000  HSGD
0095 Other 18,58, 68
0.095 TOTAL AREA




image28.jpeg
Coldest Ice Conveyance Model
Prepared by City of Tacoma
HydroCAD® 10.10-5a_s/n 11726 © 2020 HydroCAD Software Solutions LLC

Printed 5/18/2021
Page 3

Area Listing (all nodes)

Area  CN  Description
(acres) (subcatchment-numbers)

0.095 98 (1S, 58, 6S)
0.095 98 TOTAL AREA
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GENERAL USE LEVEL DESIGNATION FOR BASIC (TSS), ENHANCED,

June 2020

PHOSPHORUS & OIL TREATMENT

For

CONTECH Engineered Solutions Filterra®

Ecology’s Decision:

Based on Contech’s submissions, including the Final Technical Evaluation Reports, dated
August 2019, March 2014, December 2009, and additional information provided to Ecology
dated October 9, 2009, Ecology hereby issues the following use level designations:

1. A General Use Level Designation for Basic, Enhanced, Phosphorus, and Oil Treatment for
the Filterra® system constructed with a minimum media thickness of 21 inches (1.75 feet), at

the following water quality design hydraulic loading rates:

Treatment Infiltration Rate (in/hr) for
use in Sizing

Basic 175

Phosphorus 100

0il 50

Enhanced 175

2. The Filterra is not appropriate for oil spill-control purposes.

3. Ecology approves Filterra systems for treatment at the hydraulic loading rates listed above,
and sized based on the water quality design flow rate for an off-line system. Calculate the

water quality design flow rates using the following procedures:

o Western Washington: for treatment installed upstream of detention or retention, the water
quality design flow rate is the peak 15-minute flow rate as calculated using the latest
version of the Western Washington Hydrology Model or other Ecology-approved
continuous runoff model.

e Eastern Washington: For treatment installed upstream of detention or retention, the water
quality design flow rate is the peak 15-minute flow rate as calculated using one of the
three flow rate based methods described in Chapter 2.7.6 of the Stormwater Management

Manual for Eastern Washington (SWMMEW) or local manual.

o Entire State: For treatment installed downstream of detention, the water quality design

flow rate is the full 2-year release rate of the detention facility.
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4. This General Use Level Designation has no expiration date, but Ecology may revoke or
amend the designation, and is subject to the conditions specified below.

Ecology’s Conditions of Use:

Filterra systems shall comply with these conditions shall comply with the following conditions:

1. Design, assemble, install, operate, and maintain the Filterra systems in accordance with
applicable Contech Filterra manuals and this Ecology Decision.

2. The minimum size filter surface-area for use in Washington is determined by using the
design water quality flow rate (as determined in this Ecology Decision, Item 3, above) and
the Infiltration Rate from the table above (use the lowest applicable Infiltration Rate
depending on the level of treatment required). Calculate the required area by dividing the
water quality design flow rate (cu-fisec) by the Infiltration Rate (converted to f/sec) to
obtain required surface area (sq-ft) of the Filterra unit.

3. Each site plan must undergo Contech Filterra review before Ecology can approve the unit for
site installation. This will ensure that design parameters including site grading and slope are
appropriate for use of a Filterra unit.

4. Filterra media shall conform to the specifications submitted to and approved by Ecology and
shall be sourced from Contech Engineered Solutions, LLC with no substitutions.

5. Maintenance includes removing trash, degraded mulch, and accumulated debris from the
filter surface and replacing the mulch layer. Use inspections to determine the site-specific
maintenance schedules and requirements. Follow maintenance procedures given in the most
recent version of the Filterra Operation and Maintenance Manual.

6. Maintenance: The required maintenance interval for stormwater treatment devices is often
dependent upon the degree of pollutant loading from a particular drainage basin. Therefore,
Ecology does not endorse or recommend a “one size fits all” maintenance cycle for a
particular model/size of manufactured treatment device.

o Contech designs Filterra systems for a target maintenance interval of 6 months in the
Pacific Northwest. Maintenance includes removing and replacing the mulch layer above
the media along with accumulated sediment, trash, and captured organic materials
therein, evaluating plant health, and pruning the plant if deemed necessary.

®  Conduct maintenance following manufacturer’s guidelines.

7. Filterra systems come in standard sizes.

8. Install the Filterra in such a manner that flows exceeding the maximum Filterra operating rate
are conveyed around the Filterra mulch and media and will not resuspend captured sediment.

9. Discharges from the Filterra units shall not cause or contribute to water quality standards
violations in receiving waters.
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Approved Alternate Configurations
Filterra Internal Bypass - Pipe (FTIB-P)

1. The Filterra® Internal Bypass — Pipe allows for piped-in flow from area drains, grated inlets,
trench drains, and/or roof drains. Design capture flows and peak flows enter the structure
through an internal slofted pipe. Filterra® inverted the slotted pipe to allow design flows to
drop through to a series of splash plates that then disperse the design flows over the top
surface of the Filterra® planter area. Higher flows continue to bypass the slotted pipe and
convey out the structure.

2. To select a FTIB-P unit, the designer must determine the size of the standard unit using the
sizing guidance described above.

Filterra Internal Bvpass — Curb (FTIB-C)

1. The Filterra® Internal Bypass —Curb model (FTIB-C) incorporates a curb inlet, biofiltration
treatment chamber, and internal high flow bypass in one single structure. Filterra® designed
the FTIB-C model for use in a “Sag” or “Sump” condition and will accept flows from both
directions along a gutter line. An internal flume tray weir component directs treatment flows
entering the unit through the curb inlet to the biofiltration treatment chamber. Flows in
excess of the water quality treatment flow rise above the flume tray weir and discharge
through a standpipe orifice; providing bypass of untreated peak flows. Americast
manufactures the FTIB-C model in a variety of sizes and configurations and you may use the
unit on a continuous grade when a single structure providing both treatment and high flow
bypass is preferred. The FTIB-C model can also incorporate a separate junction box chamber
to allow larger diameter discharge pipe connections to the structure.

2. To select a FTIB-C unit, the designer must determine the size of the standard unit using the
sizing guidance described above.

Filterra® Shallow

1. The Filterra Shallow provides additional flexibility for design engineers and designers in
situations where various elevation constraints prevent application of a standard Filterra
configuration. Engineers can design this system up to six inches shallower than any of the
previous Filterra unit configurations noted above.

2. Ecology requires that the Filterra Shallow provide a media contact time equivalent to that of
the standard unit. This means that with a smaller depth of media, the surface area must
increase.

3. To select a Filterra Shallow System unit, the designer must first identify the size of the
standard unit using the modeling guidance described above.

4. Once the size of the standard Filterra unit s established using the sizing technique described
above, use information from the following table to select the appropriate size Filterra
Shallow System unit.
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Shallow Unit Basic, Enhanced, Phosphorus, and Oil Treatment Sizing

Standard Depth Equivalent Shallow Depth
4x4 | 4x6 or 6x4
4x6 or 6x4 1 6x6
4x8 or 8x4 | 6x8 or 8x6
6x6 i 6x10 or 10x6
6x8 or 8x6 i 6x12 or 12x6
6x10 or 10x6 13x7

Notes:
1. Shallow Depth Boxes are less than the standard depth of 3.5 feet but no less
than 3.0 feet deep (TC to INV).

Applicant: Contech Engineered Solutions, LLC.

Applicant’s Address: 11815 NE Glenn Widing Drive

Portland, OR 97220

Application Documents:

State of Washington Department of Ecology Application for Conditional Use
Designation, Americast (September 2006)

Quality Assurance Project Plan Filterra® Bioretention Filtration System Performance
Monitoring, Americast (April 2008)

Quality Assurance Project Plan Addendum Filterra® Bioretention Filtration System
Performance Monitoring, Americast (June 2008)

Draft Technical Evaluation Report Filterra® Bioretention Filtration System Performance
Monitoring, Americast (August 2009)

Final Technical Evaluation Report Filterra® Bioretention Filtration System Performance
Monitoring, Americast (December 2009)

Technical Evaluation Report Appendices Filterra® Bioretention Filtration System
Performance Monitoring, Americast, (August 2009)

Memorandum to Department of Ecology Dated October 9, 2009 from Americast, Inc. and
Herrera Environmental Consultants

Quality Assurance Project Plan Filterra® Bioretention System Phosphorus treatment and
Supplemental Basic and Enhanced Treatment Performance Monitoring, Americast
(November 2011)

Filterra® letter August 24, 2012 regarding sizing for the Filterra® Shallow System.
University of Virginia Engineering Department Memo by Joanna Crowe Curran, Ph. D
dated March 16, 2013 concerning capacity analysis of Filterra® internal weir inlet tray.
Terraphase Engineering letter to Jodi Mills, P.E. dated April 2, 2013 regarding
Terraflume Hydraulic Test, Filterra® Bioretention System and attachments.

Technical Evaluation Report, Filterra® System Phosphorus Treatment and Supplemental
Basic Treatment Performance Monitoring. March 27%, 2014.

State of Washington Department of Ecology Application for Conditional Use Level
Designation, Contech Engineered Solutions (May 2015)
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Quality Assurance Project Plan Filterra® Bioretention System, Contech Engineered
Solutions (May 2015)

Filterra Bioretention System Armco Avenue General Use Level Designation Technical
Evaluation Report, Contech Engineered Solutions (August 2019)

Applicant’s Use Level Request:

General Level Use Designation for Basic (175 in/hr), Enhanced (175 in/hr), Phosphorus (100
in/hr), and Oil Treatment (50 in/hr).

Applicant’s Performance Claims:

Field-testing and laboratory testing show that the Filterra® unit is promising as a stormwater
treatment best management practice and can meet Ecology’s performance goals for basic,
enhanced, phosphorus, and oil treatment.

Findings of Fact:

Field Testing 2015-2019

1.

o

Contech completed fild testing of a 4 ft. x 4 fi. Filterra® unit at one site in Hillsboro,
Oregon from September 2015 to July 2019. Throughout the monitoring period a total of 24
individual storm events were sampled, of which 23 qualified for TAPE sampling criteria.

Contech encountered several unanticipated events and challenges that prevented them from
collecting continuous flow and rainfall data. An analysis of the flow data from the sampled
events, including both the qualifying and non-qualifying events, demonstrated the system
treated over 99 % of the influent flows. Peak flows during these events ranged from 25 %
10250 % of the design flow rate of 29 gallons per minute.

Of the 23 TAPE qualified sample cvents, 13 met requirements for TSS analysis. Influent
concentrations ranged from 20.8 mg/L to 83 mg/L, with a mean concentration of 46.3
mg/L. The UCL95 mean effluent concentration was 15.9 mg/L, meeting the 20 mg/L
performance goal for Basic Treatment.

All 23 TAPE qualified sample events met requirements for dissolved zinc analysis. Influent
concentrations range from 0.0384 mg/L to 0.2680 mg/L, with a mean concentration of
0.0807 mg/L. The LCL 95 mean percent removal was 62.9 %, meeting the 60 %
performance goal for Enhanced Treatment.

Thirteen of the 23 TAPE qualified sample events met requirements for dissolved copper
analysis. Influent concentrations ranged from 0.00543 mg/L to 0.01660 mg/L, with a mean
concentration of 0.0103 mg/L. The LCL 95 mean percent removal was 41.2 %, meeting the
30 % performance goal for Enhanced Treatment.

Total zinc concentrations were analyzed for all 24 sample events. Influent EMCs for total
zinc ranged from 0.048 mg/L to 5.290 mg/L with a median of 0.162 mg/L. Corresponding
effluent EMCs for total zinc ranged from 0.015 mg/L to 0.067 mg/L with a median of
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0.029 mg/L. Total event loadings for the study for total zinc were 316.85 g at the influent
and 12.92 g at the effluent sampling location, resulting in a summation of loads removal
efficiency of 95.9 %.

Total copper concentrations were analyzed for all 24 sample events. Influent EMCs for
total copper ranged from 0.003 mg/L to 35.600 mg/L with a median value of 0.043 mg/L.
Corresponding effluent EMCs for total copper ranged from 0.002 mg/L to 0.015 mg/L with
a median of 0.004 mg/L. Total event loadings for total copper for the study were 1,810.06
gat the influent and 1.90 g at the effluent sampling location, resulting in a summation of
loads removal efficiency of 99.9 %.

Field Testing 2013

L.

Filterra completed field-testing of a 6.5 ft x 4 ft. unit at one site in Bellingham,
Washington. Continuous flow and rainfall data collected from January 1, 2013 through
July 23, 2013 indicated that 59 storm events occurred. Water quality data was obtained
from 22 storm events. Not all the sampled storms produced information that met TAPE
criteria for storm and/or water quality data.

The system treated 98.9 % of the total 8-month runoff volume during the testing period.
Consequently, the system achieved the goal of treating 91 % of the volume from the site.
Stormwater runoff bypassed Filterra treatment during four of the 59 storm events.

Of the 22 sampled events, 18 qualified for TSS analysis (influent TSS concentrations
ranged from 25 to 138 mg/L). The data were segregated into sample pairs with influent
concentration greater than and less than 100 mg/L. The UCL95 mean effluent
concentration for the data with influent less than 100 mg/L was 5.2 mg/L, below the 20-
mg/L threshold. Although the TAPE guidelines do not require an evaluation of TSS
removal efficiency for influent concentrations below 100 mg/L, the mean TSS removal
for these samples was 90.1 %. Average removal of influent TSS concentrations greater
than 100 mg/L (three events) was 85 %. In addition, the system consistently exhibited
TSS removal greater than 80 % at flow rates equivalent to a 100 in/hr infiltration rate and
was observed at 150 in/hr.

Ten of the 22 sampled events qualified for TP analysis. Americast augmented the dataset
using two sample pairs from previous monitoring at the site. Influent TP concentrations
ranged from 0.11 to 0.52 mg/L. The mean TP removal for these twelve events was 72.6
%. The LCL95 mean percent removal was 66.0, well above the TAPE requirement of 50
%. Treatment above 50 % was evident at 100 in/hr infiltration rate and as high as 150
in/hr. Consequently, the Filterra test system met the TAPE Phosphorus Treatment goal at
100 in/hr. Influent ortho-P concentrations ranged from 0.005 to 0.012 mg/L; effluent
ortho-P concentrations ranged from 0.005 to 0.013 mg/L. The reporting limit/resolution
for the ortho-P test method is 0.01 mg/L, therefore the influent and effluent ortho-P
concentrations were both at and near non-detect concentrations.
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Field Testing 2008-2009

Filterra completed field-testing at two sites at the Port of Tacoma. Continuous flow and
rainfall data collected during the 2008-2009 monitoring period indicated that 89 storm
events occurred. The monitoring obtained water quality data from 27 storm events. Not
all the sampled storms produced information that met TAPE criteria for storm and/or
water quality data.

During the testing at the Port of Tacoma, 98.96 to 99.89 % of the annual influent runoff
volume passed through the POT1 and POT?2 test systems respectively. Stormwater
runoff bypassed the POT] test system during nine storm events and bypassed the POT2
test system during one storm event. Bypass volumes ranged from 0.13 % to 15.3% of the
influent storm volume. Both test systems achieved the 91 % water quality treatment-goal
over the I-year monitoring period.

Consultants observed infiltration rates as high as 133 in/hr during the various storms.
Filterra did not provide any paired data that identified percent removal of TSS, metals,
oil, or phosphorus at an instantancous observed flow rate.

The maximum storm average hydraulic loading rate associated with water quality data is
<40 in/hr, with the majority of flow rates < 25 in/hr. The average instantaneous hydraulic
loading rate ranged from 8.6 to 53 in/hr.

The field data showed a removal rate greater than 80 % for TSS with an influent
concentration greater than 20 mg/L at an average instantaneous hydraulic loading rate up
to 53 in/hr (average influent concentration of 28.8 mg/L, average effluent concentration
of 4.3 mg/L).

The field data showed a removal rate generally greater than 54 % for dissolved zinc at an
average instantancous hydraulic loading rate up to 60 in/hr and an average influent
concentration of 0.266 mg/L (average effluent concentration of 0.115 mg/L).

The field data showed a removal rate generally greater than 40 % for dissolved copper at
an average instantancous hydraulic loading rate up to 35 in/hr and an average influent
concentration of 0.0070 mg/L (average effluent concentration of 0.0036 mg/L).

The field data showed an average removal rate of 93 % for total petroleum hydrocarbon
(TPH) at an average instantancous hydraulic loading rate up to 53 in/hr and an average
influent concentration of 52 mg/L (average effluent concentration of 2.3 mg/L). The data
also shows achievement of less than 15 mg/L TPH for grab samples. Filterra provided
limited visible sheen data du to access limitations at the outlet monitoring location.

The field data showed low percentage removals of total phosphorus at all storm flows at
an average influent concentration of 0.189 mg/L (average effluent concentration of 0.171
mg/L). We may relate the relatively poor treatment performance of the Filterra system at
this location to influent characteristics for total phosphorus that are unique to the Port of
Tacoma site. It appears that the Filterra system will not meet the 50 % removal
performance goal when the majority of phosphorus in the runoff is expected to be in the
dissolved form.
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Laboratory Testing

1. Filterra performed laboratory testing on a scaled down version of the Filterra unit. The
lab data showed an average removal from 83-91 % for TSS with influents ranging from
21 to 320 mg/L, 82-84 % for total copper with influents ranging from 0.94 to 2.3 mg/L,
and 50-61 % for orthophosphate with influents ranging from 2.46 to 14.37 mg/L.

2. Filterra conducted permeability tests on the soil media.

3. Lab scale testing using Sil-Co-Sil 106 showed removals ranging from 70.1 % to 95.5 %
with a median removal of 90.7 %, for influent concentrations ranging from 8.3 to 260
mg/L. Filterra ran these laboratory tests at an infiltration rate of 50 in/hr.

4. Supplemental lab testing conducted in September 2009 using Sil-Co-Sil 106 showed an
average removal of 90.6 %. These laboratory tests were run at infiltration rates ranging
from 25 to 150 in/hr for influent concentrations ranging from 41.6 to 252.5 mg/L.
Regression analysis results indicate that the Filterra system’s TSS removal performance
is independent of influent concentration in the concentration rage evaluated at hydraulic
loading rates of up to 150 in/hr.

Contact Information:

Applicant: Jeremiah Lehman
Contech Engineered Solutions, LLC.
11815 Glenn Widing Dr
Portland, OR 97220
(503) 258-3136
lehman(@conteches.com

Applicant’s Website: http://www.conteches.com

Ecology web link:  http://www.ccy.wa.gov/programs/wq/stormwater/newtech/index.html

Ecology: Douglas C. Howie, P.E.
Department of Ecology
Water Quality Program
(360) 407-6444

douglas howie . Wa.gov.
Date Revision
December 2009 GULD for Basic, Enhanced. and Oil granted, CULD for Phosphorus
September 2011 Extended CULD for Phosphorus Treatment
September 2012 Revised design storm discussion, added Shallow System.
Tanuary 2013 Revised format to match Ecology standards, changed Filterra contact
information
February 2013 Added FTIB-P system
March 2013 Added FTIB-C system
‘April 2013 Modified requirements for identifying appropriate size of unit
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June 2013

Modified description of FTIB-C alternate configuration

March 2014 GULD awarded for Phosphorus Treatment. GULD updated for a
higher flow-rate for Basic Treatment.

June 2014 Revised sizing calculation methods

March 2015 Revised Contact Information

June 2015 CULD for Basic and Enhanced at 100 in/hr infiltration rate

September 2019 GULD for Basic and Enhanced at 175 in/hr infiltration rate

February 2020 Revised sizing language to note sizing based on off-line calculations

June 2020

Added Phosphorus to Filterra Shallow sizing table
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