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Project Engineer’s Certification: 

  

“I hereby state that this Storm Drainage Report and Stormwater Pollution Prevention Plan for the East 
Town Crossing project has been prepared by me or under my supervision and meets the standard of care 
and expertise which is usual and customary in this community for professional engineers. I understand 
that City of Puyallup does not and will not assume liability for the sufficiency, suitability, or performance of 
drainage facilities prepared by me.” 

  

  

  

  

  

  

  

  

  

  

 

 

6/29/2023
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Section 1: Proposed Project Description 

The project address is 1001 Shaw Road, Puyallup, WA 98372. Parcel Numbers 
0420264021, 0420264053, 0420264053, 0420351066, 0420351030, 0420351029, 
0420351026. See Figure 1: Vicinity Map in Appendix A for a vicinity map showing the 
site in context. The project will include a commercial area containing 2 commercial 
buildings, and 5 multifamily buildings totaling 120 units. 

This storm report details the proposed stormwater plans and the calculations to support 
the design. The breakdown of impervious surfaces pre and post developed is shown 
below in Table 1.  

Table 1: Impervious/ Pervious Areas 

Project Land Use  Existing 
Area (Acres) 

Proposed 
Area (Acres) 

Area Change 
(Acres) 

Frontage 
Improvement 
Area (Acres) 

Roof 0 1.39 1.39 - 

Driveway/Parking 
/Walkway 

 
Concrete Walkways 

0 
 
 

0 

2.98 
 
 

0.76 

2.98 
 
 

0.78 

- 

Undisturbed/Landscap
ing 

10.36 5.23 -5.13 - 

Total Impervious 0 5.13 5.13 0.74 

Total Pervious 10.36 5.23 -5.13 0.18 (includes 
porous hard 

surfaces from 
Shaw Road 
Frontage) 
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Section 2: Existing Conditions Description 

In existing conditions, the land is grassy with a network of existing dirt/gravel access 
roads. The existing site has been filled in the recent past. It also houses a stormwater 
pond serving the nearby Absher Construction office complex.  

 Compliance with Minimum Requirement 

The proposed project improvements consist of approximately 5.13  acres of new hard 
surfaces and will result in coverage of 49% of the project area being covered by 
impervious surfaces. Per the 2019 Ecology Stormwater Management Manual as 
adapted by the City of Puyallup, this project must comply with all minimum requirements 
1-9. See flowchart below: 
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Minimum Requirement # 1: Preparation of Stormwater Site Plan 
 
A stormwater site plan has been prepared to provide water quality and flow control to 
the site and will be submitted with this report. See Figure 4: Grading and Drainage Plan 
in Appendix A.  
 
Minimum Requirement # 2: Construction Stormwater Pollution Prevention 
 
A temporary erosion and sediment control plan is part of the construction documents provided 
with this report and Figure 3: Temporary Erosion and Sediment Control Plan is included in 
Appendix A.   

See below for how each of the 13 elements of the Stormwater Pollution Prevention Plan 
(SWPPP) are addressed as follows. 

Element # 1: Preserve vegetation/mark clearing limits 

o   Clearing limits are shown on the plan and as noted, they shall be marked using 
high visibility plastic fencing. All vegetated areas outside the marked clearing 
limits shall be preserved in existing conditions.  

Element # 2: Established Construction Entrance 

o   As shown on the plans, a construction entrance is provided at the north east 
corner of the site off of Pioneer per City of Puyallup standards.  

Element # 3: Control Flow Rates 

o   Straw wattles shall be provided to prevent erosion and control flow rates 
leaving the site. The velocity of water leaving the site shall not exceed 3 ft/s if the 
discharge is to a stream or a ditch. A temporary sediment pond has been 
designed to meet the 2-year flow and will control drainage leaving the site to the 
outfall in Pioneer.  

Element # 4: Install Sediment Control 

o   Silt fence will be placed along all the downgradient boundaries of the proposed 
project limits to remove any sediment laden runoff from leaving the site, as 
shown on plans. The contractor needs to protect all catch basins and adjust silt 
fencing as necessary to keep sediment laden runoff onsite. A temporary 



 

                                                                                                                                                                          

East Town Crossing 
Stormwater Drainage Report                                                                                                                          
City of Puyallup, Washington                                                                                                                                       Page 9 of 27 

sediment pond has been designed to meet the 2-year flow and will help remove 
sediment from the runoff.  

Element # 5: Stabilize Soils 

o  Per the standard erosion control notes provided on the plans, all exposed soils 
shall be hydroseeded and exposed soils shall be covered if left unworked for a 
period of 7 days between May 1st- September 30th and for a period of 2 days 
between October 1st and April 30th.  

Element # 6: Protect Slopes 

o   The site has flat slopes of 0-3% on the majority of the site. No slopes over 20% 
are being disturbed. All exposed soils not covered by the buildings, roadway, or 
sidewalks will be hydroseeded, and there will be no slopes greater than 2:1. 
Interceptor dikes and swales will be used to protect slopes and direct water to a 
temporary sediment pond. 

Element # 7: Protect Drain Inlets 

o   Drain inlets are being protected from sediment and high energy flows through 
the use of catch basin inserts. Catch basin inserts will be installed in any existing 
catch basins within 500 feet from the project site including structures on Shaw 
Road E and Pioneer Way E. 

Element # 8: Stabilize Channels and Outlets 

o   There is an existing channel along Pioneer Way E that will be protected as 
necessary.  

Element # 9: Control Pollutants 

o   The only pollutants generated by this project are those that are commonly 
associated with the construction of a multi-family complex and commercial lots. 
Contractor is responsible to follow all City of Puyallup pollution prevention 
measures. Contractor to follow all City of Puyallup pollution control standard, 
particularly when handling concrete and vehicle activity. 
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Element # 10: Control De-watering 

o   The groundwater table is high on the site, so it was important to check if the 
plan will require dewatering. After consulting with the contractor, it was concluded 
that the project improvements are at a height above the observed groundwater 
so that dewatering will not be required. If dewatering is required, the contractor 
will be required to hire an experienced dewatering contractor and obtain any 
necessary permits. 

Element # 11: Maintain BMPs 

o   The contractor and property owner will be responsible for checking and 
maintaining all stormwater BMPs. Contractor to repair as needed. 

Element # 12: Manage the Project 

o   The owner and contractor will be tasked with managing the project and are 
responsible for ensuring all SWPPP measures are followed per the provided 
plans and this report. 

Element # 13: Protect Low Impact Development BMPs 

o   The proposed TESC plan includes details on a Filter Fabric Fence, Inlet 
protection, and a construction entrance. The TESC plan provided in Figure 1 
outlines more details on each of these preventative measures taken to protect 
the area during construction. The contractor shall inspect LID proposed facility 
location pre and post construction to ensure no sediment laden water can enter 
the LID facilities area.  

Minimum Requirement # 3: Source Control of Pollution 

The plans provided with this report will be followed in the field to reduce the potential of 
pollution. It is anticipated that the only source of pollution generated on site will be from 
the minimal disturbance of soils which will be controlled by following the provided 
SWPPP and TESC plan. However, construction equipment can be a big source of 
pollution, so it is important to adhere to the recommendations in the SWPPP and TESC 
plan. New construction equipment will be used, and drip pads will be placed under them 
when at rest. There is no anticipated pollutant post construction other than pollutants 
from vehicular traffic typical of a multifamily complex and commercial lots. The property 
owner is responsible for the control of pollutants on their property, post construction.  
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Minimum Requirement # 4: Preservation of Natural Drainage System and Outfalls 

There is a channel to the east and one to the north, these are being preserved and 
enhanced. Discharge from the site is being preserved and will be directed to the natural 
conveyance system on East Pioneer Way. The topography of the site drains primarily 
from east to west. No flowing runoff has been observed or reported and no stormwater 
related flooding has been observed or reported.  

Minimum Requirement # 5: Onsite Stormwater Management 

Using the LID approach to onsite stormwater management the Contech Modular 
Wetlands systems were used to provide enhanced water quality on the site. To provide 
flow control detention RTanks were sized. These passed the LID duration standards 
shown in the WWHM report in Appendix D. 

The storm drain system designed for the East Town Crossing project will utilize a 
standard on-site detention system using underground RTanks. The design involves the 
collection of stormwaters from both the roofs and the paved surfaces in standard catch 
basins and pipes. The conveyance system will convey the stormwater to one of two 
RTank systems. 

The Commercial site in the northwest corner includes a single RTank. The runoff from 
the commercial site will be collected in the conveyance system to the RTank and then 
released through a control manhole through a water quality system and then to the 
downstream system in East Pioneer Way. The commercial access to Shaw Road, which 
cannot be routed to the on-site detention system due to grades, is being accounted for 
via over-detention in the on-site detention system. The post-detention pipe conveyance 
will include a Contech Modular Wetlands that provides water quality to the stormwater 
based on the mitigated release rate from the RTank.  

The remainder of the site will also utilize a piped conveyance system, consisting of 
catch basins and roof drain lines around each building, to convey stormwater to a large 
detention system consisting of two RTanks joined by a 36” diameter detention system, 
effectively creating one large detention system. The release from that system will be 
routed through a control manhole before joining the stormwater from the commercial 
site going through the Modular Wetlands system and being released to the ditch 
conveyance in the south shoulder of East Pioneer Way. 
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The project required additional Pollution Generating Hard Surface in Shaw Road, as 
well. This run off volume is being accounted for by over-detaining in the large on-site 
detention system.  

The storm system is shown on Figure 4: Grading and Drainage Plan in Appendix A 

Minimum Requirement # 6: Stormwater Treatment 

The entire site will be treated for water quality via Contech Modular Wetlands systems. 
A stormwater biofiltration system will be located on the commercial site in the northwest 
corner of the site and will intercept the discharge pipe that discharges water from the 
flow control RTanks on the site. The water quality system was designed by Contech to 
meet Ecology requirements and is detailed on the plans submitted with this report. This 
water quality system is sized to the 2-year release flow rate. 

Minimum Requirement # 7: Flow Control 

The stormwater system designed for the site includes 3 large RTank systems, one 
serving the commercial site and a two-RTank system joined by a 36” detention pipe 
serving the remainder of the site. 

The RTank serving the commercial site in the northwest portion of the site is designed 
to include an active detention area that is 229’ Long x 63’ wide x 3.5’ deep. The RTanks 
are designed for outrigger loading.  

The RTank system serving the remainder of the site is comprised of 2 RTanks joined by 
a 36” diameter detention pipe. The RTank on the west side of the site is 200’ long x 74’ 
wide x 5.5’ deep, and the last RTank is 189’ x 63’ x 5.5’ deep. Again, the RTanks are 
rated for outriggers. 

While the specific structural details for the RTanks will be provided in the final design, 
ACF was consulted for the layout of the RTanks, so the sizing, depth, and volume have 
been fully vetted to work with the site and the depth available without being impacted by 
groundwater. The RTanks have been designed as slightly larger than the size given in 
WWHM to account for sediment build up that could result from infrequent maintenance.  
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Minimum Requirement # 8: Wetlands Protection 

There is a potential wetland on the parcel adjacent to the subject parcel on the east. 
This wetland will be evaluated, and all necessary buffers will be adhered to.  

Minimum Requirement # 9: Operations and Maintenance 

Sediment control structures need to be cleaned at least once every 3 months 
in the winter and fall months. Catch basin shall be checked per maintenance 
recommendations and after major storm events. A maintenance checklist has 
been provided in Appendix C.  

Section 3: Infiltration Rates / Soils Report 

The Soil Conservation Service identifies this land as Briscot loam and Puyallup fine 
sandy loam. A geotechnical engineering report was prepared for the project by Krazan 
and Associates and is included in Appendix B. 

According to the report from Krazan and Associates, included in Appendix B, infiltration 
is not feasible on this site.  

Section 4: Wells and Septic Systems 

There are no existing wells identified on the property, nor are there any known septic 
systems on the site. Neither a well nor a septic is proposed for the site. 

Section 5: Fuel Tanks 

There are no identified fuel tanks on the property. 

Section 6: Subbasins Description 

The site has a slight moderate slope from the east to west of the project site. The 
proposed storm water design utilizes a catch and convey system to collect water from 
either the commercial basin or the multifamily housing basin. The water will flow to one 
of three RTanks. The RTanks will provide detention for the stormwater system. 
Downstream of the RTanks the two basins will join via a trunk pipe and flow through a 
Contech Modular Wetlands system, after being treated the water will flow out to a 
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discharge point in a ditch in Pioneer Way E. The commercial and multifamily basins are 
shown in Figure 5 in Appendix A. 

All stormwater facilities proposed for the site have been designed per the current City of 
Puyallup Surface Water Management Manual. 

Section 7: Floodplain Analysis 

From the Pierce County GIS database, the site area is shown in the 2017 Regulated 
Floodplain. A Letter of Map Revision was issued on April 27th, 2022 and went into effect 
on September 8th, 2022. See attached Letter of Map Revision in Appendix E. 

Section 8: Aesthetic Consideration for Facilities 

The proposed facilities for stormwater quality and management are based on City of 
Puyallup standards and contractor shall take aesthetic into consideration when installing 
stormwater management BMPs. Most of the stormwater facilities will not be visible as 
they are underground systems.  

Section 9: Facility Sizing and Downstream Analysis 

Facility Sizing 

The proposed stormwater facilities were designed and sized per the 2019 Ecology 
Manual as adapted by the City of Puyallup. We are proposing an LID method of 
Contech Modular Wetlands water quality and RTanks for flow control.   

Water Quality 

Contech Modular Wetlands water quality systems will treat stormwater onsite from the 
impervious pollution generating surfaces. Off-site the Shaw frontage road will utilize 
pervious sidewalks. The half street frontage from Pioneer has been over detained for in 
the modeling of the storm mitigation system. The Modular Wetlands system has been 
designed by Contech Engineers to meet the Ecology requirements. The water quality 
system sizing was done by Contech Engineering using the water quality output from the 
WWHM report provided in Appendix D, Appendix F shows the Contech Modular 
Wetlands approval from the DOE. 
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Flow Control 

Three RTanks will provide detention onsite. The first RTank will provide 45,780 cubic 
feet of detention to the commercial basin and has been oversized to allow the 
commercial entrance to bypass detention. The other two RTanks will work together to 
provide detention to the rest of the site. The second RTank will provide 77,000 cubic 
feet of detention and the third RTank will provide 59,400 cubic feet of detention; in total 
the two RTanks provide 136,400 cubic feet of detention volume. These values 
meet/exceed the values calculated in the WWHM report provided in Appendix D. The 
two RTanks that provide flow control treatment for the multifamily housing area of the 
site are connected by a 24” pipe at 0% slope. The RTanks have also been oversized to 
allow for the stormwater on the half street of Pioneer frontage to bypass the site. The 
Rtanks have been sized in WWHM and the report is provided in Appendix D. 

Conveyance System 

The conveyance system consists of roof drain lines for each building, which will connect 
to 12” pipes that will flow stormwater from the impervious surfaces into the RTanks. 
From the RTanks the stormwater enters a 12” trunk pipe and the stormwater will be 
treated using a Contech Modular Wetlands system. Once treated the stormwater will 
flow out of a 12” pipe and flow into a regulated stream in Pioneer Way E.  

Downstream Analysis 

The system will ultimately flow to the regulated stream in pioneer that has an 18” PVC 
pipe. The stream will continue and ultimately end up at the Puyallup River, for this 
reason it is especially important to have water quality treatment.  

Section 10: Utilities 

All utilities will be designed and installed per City of Puyallup standards. Storm facilities 
and conveyance systems will be designed and constructed with appropriate cover and 
separation from water and sanitary sewer systems. 

Section 11: Covenants, Dedications, Easements 

There are no covenants, dedications, or easements necessary at this time.  
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Section 12: Property Owners’ Association Articles of Incorporation 

There are no articles on incorporation available for this property at this time. 

Section 13: Other Permits or Conditions Placed on the Project 

No other permits or conditions are necessary at this time.  
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Figure 1: Vicinity Map 
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Figure 2: Soils Map 
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Figure 3: Temporary Erosion and Sediment Control Plan 
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Figure 4: Grading and Drainage Plan 
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APPROVED

BY _______________________
CITY OF PUYALLUP

DEVELOPMENT ENGINEERING

DATE _____________________

NOTE: THIS APPROVAL IS VOID
AFTER 180 DAYS FROM APPROVAL
DATE.
THE CITY WILL NOT BE
RESPONSIBLE FOR ERRORS
AND/OR OMISSIONS ON THESE
PLANS.
FIELD CONDITIONS MAY DICTATE
CHANGES TO THESE PLANS AS
DETERMINED BY THE
DEVELOPMENT ENGINEERING
MANAGER.

TOPOGRAPHIC NOTE                                                         
THE EXISTING CULTURAL AND TOPOGRAPHICAL DATA SHOWN ON THESE
DRAWINGS HAS BEEN PREPARED, IN PART, BASED UPON INFORMATION
FURNISHED BY OTHERS. WHILE THIS INFORMATION IS BELIEVED TO BE
RELIABLE, MCINNIS ENGINEERING CANNOT ENSURE ACCURACY AND THUS IS
NOT RESPONSIBLE FOR THE ACCURACY OF THAT INFORMATION OR FOR ANY
ERRORS OR OMISSIONS WHICH MAY HAVE BEEN INCORPORATED INTO THESE
DRAWINGS AS A RESULT.

FILL SPECIFICATIONS                                                 
FILL MATERIAL SHALL NOT CONTAIN PETROLEUM PRODUCTS, OR
SUBSTANCES WHICH ARE HAZARDOUS, DANGEROUS, TOXIC, OR WHICH
OTHERWISE VIOLATE ANY STATE, FEDERAL. OR LOCAL LAW, ORDINANCE,
CODE, REGULATION, RULE, ORDER, OR STANDARD.

TRENCH NOTES                                                 
IF WORKERS ENTER ANY TRENCH OR OTHER
EXCAVATION FOUR OR MORE FEET IN DEPTH THAT
DOES NOT MEET THE OPEN PIT REQUIREMENTS OF
WSDOT SECTION 2-09.3(3)8, IT SHALL BE
SHORED AND CRIBBED. THE CONTRACTOR IS
ALONE RESPONSIBLE FOR WORKER SAFETY. ALL
TRENCH SAFETY SYSTEMS SHALL MEET THE
REQUIREMENTS OF THE WASHINGTON INDUSTRIAL
SAFETY AND HEALTH ACT, CHAPTER 49.17 RCW.
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EAST TOWN CROSSING
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APPROVED

BY _______________________
CITY OF PUYALLUP

DEVELOPMENT ENGINEERING

DATE _____________________

NOTE: THIS APPROVAL IS VOID
AFTER 180 DAYS FROM APPROVAL
DATE.
THE CITY WILL NOT BE
RESPONSIBLE FOR ERRORS
AND/OR OMISSIONS ON THESE
PLANS.
FIELD CONDITIONS MAY DICTATE
CHANGES TO THESE PLANS AS
DETERMINED BY THE
DEVELOPMENT ENGINEERING
MANAGER.

TOPOGRAPHIC NOTE                                                         
THE EXISTING CULTURAL AND TOPOGRAPHICAL DATA SHOWN ON THESE
DRAWINGS HAS BEEN PREPARED, IN PART, BASED UPON INFORMATION
FURNISHED BY OTHERS. WHILE THIS INFORMATION IS BELIEVED TO BE
RELIABLE, MCINNIS ENGINEERING CANNOT ENSURE ACCURACY AND THUS IS
NOT RESPONSIBLE FOR THE ACCURACY OF THAT INFORMATION OR FOR ANY
ERRORS OR OMISSIONS WHICH MAY HAVE BEEN INCORPORATED INTO THESE
DRAWINGS AS A RESULT.

FILL SPECIFICATIONS                                                 
FILL MATERIAL SHALL NOT CONTAIN PETROLEUM PRODUCTS, OR
SUBSTANCES WHICH ARE HAZARDOUS, DANGEROUS, TOXIC, OR WHICH
OTHERWISE VIOLATE ANY STATE, FEDERAL. OR LOCAL LAW, ORDINANCE,
CODE, REGULATION, RULE, ORDER, OR STANDARD.

TRENCH NOTES                                                 
IF WORKERS ENTER ANY TRENCH OR OTHER
EXCAVATION FOUR OR MORE FEET IN DEPTH THAT
DOES NOT MEET THE OPEN PIT REQUIREMENTS OF
WSDOT SECTION 2-09.3(3)8, IT SHALL BE
SHORED AND CRIBBED. THE CONTRACTOR IS
ALONE RESPONSIBLE FOR WORKER SAFETY. ALL
TRENCH SAFETY SYSTEMS SHALL MEET THE
REQUIREMENTS OF THE WASHINGTON INDUSTRIAL
SAFETY AND HEALTH ACT, CHAPTER 49.17 RCW.
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EAST TOWN CROSSING
GRADING AND PAVING PLAN III
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APPROVED

BY _______________________
CITY OF PUYALLUP

DEVELOPMENT ENGINEERING

DATE _____________________

NOTE: THIS APPROVAL IS VOID
AFTER 180 DAYS FROM APPROVAL
DATE.
THE CITY WILL NOT BE
RESPONSIBLE FOR ERRORS
AND/OR OMISSIONS ON THESE
PLANS.
FIELD CONDITIONS MAY DICTATE
CHANGES TO THESE PLANS AS
DETERMINED BY THE
DEVELOPMENT ENGINEERING
MANAGER.

TOPOGRAPHIC NOTE                                                         
THE EXISTING CULTURAL AND TOPOGRAPHICAL DATA SHOWN ON THESE
DRAWINGS HAS BEEN PREPARED, IN PART, BASED UPON INFORMATION
FURNISHED BY OTHERS. WHILE THIS INFORMATION IS BELIEVED TO BE
RELIABLE, MCINNIS ENGINEERING CANNOT ENSURE ACCURACY AND THUS IS
NOT RESPONSIBLE FOR THE ACCURACY OF THAT INFORMATION OR FOR ANY
ERRORS OR OMISSIONS WHICH MAY HAVE BEEN INCORPORATED INTO THESE
DRAWINGS AS A RESULT.

FILL SPECIFICATIONS                                                 
FILL MATERIAL SHALL NOT CONTAIN PETROLEUM PRODUCTS, OR
SUBSTANCES WHICH ARE HAZARDOUS, DANGEROUS, TOXIC, OR WHICH
OTHERWISE VIOLATE ANY STATE, FEDERAL. OR LOCAL LAW, ORDINANCE,
CODE, REGULATION, RULE, ORDER, OR STANDARD.

TRENCH NOTES                                                 
IF WORKERS ENTER ANY TRENCH OR OTHER
EXCAVATION FOUR OR MORE FEET IN DEPTH THAT
DOES NOT MEET THE OPEN PIT REQUIREMENTS OF
WSDOT SECTION 2-09.3(3)8, IT SHALL BE
SHORED AND CRIBBED. THE CONTRACTOR IS
ALONE RESPONSIBLE FOR WORKER SAFETY. ALL
TRENCH SAFETY SYSTEMS SHALL MEET THE
REQUIREMENTS OF THE WASHINGTON INDUSTRIAL
SAFETY AND HEALTH ACT, CHAPTER 49.17 RCW.
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SEC. 26,35/ TWP. 20 N./ RGE. 4 E., W.M.

EAST TOWN CROSSING
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APPROVED

BY _______________________
CITY OF PUYALLUP

DEVELOPMENT ENGINEERING

DATE _____________________

NOTE: THIS APPROVAL IS VOID
AFTER 180 DAYS FROM APPROVAL
DATE.
THE CITY WILL NOT BE
RESPONSIBLE FOR ERRORS
AND/OR OMISSIONS ON THESE
PLANS.
FIELD CONDITIONS MAY DICTATE
CHANGES TO THESE PLANS AS
DETERMINED BY THE
DEVELOPMENT ENGINEERING
MANAGER.

TOPOGRAPHIC NOTE                                                         
THE EXISTING CULTURAL AND TOPOGRAPHICAL DATA SHOWN ON THESE
DRAWINGS HAS BEEN PREPARED, IN PART, BASED UPON INFORMATION
FURNISHED BY OTHERS. WHILE THIS INFORMATION IS BELIEVED TO BE
RELIABLE, MCINNIS ENGINEERING CANNOT ENSURE ACCURACY AND THUS IS
NOT RESPONSIBLE FOR THE ACCURACY OF THAT INFORMATION OR FOR ANY
ERRORS OR OMISSIONS WHICH MAY HAVE BEEN INCORPORATED INTO THESE
DRAWINGS AS A RESULT.

FILL SPECIFICATIONS                                                 
FILL MATERIAL SHALL NOT CONTAIN PETROLEUM PRODUCTS, OR
SUBSTANCES WHICH ARE HAZARDOUS, DANGEROUS, TOXIC, OR WHICH
OTHERWISE VIOLATE ANY STATE, FEDERAL. OR LOCAL LAW, ORDINANCE,
CODE, REGULATION, RULE, ORDER, OR STANDARD.

TRENCH NOTES                                                 
IF WORKERS ENTER ANY TRENCH OR OTHER
EXCAVATION FOUR OR MORE FEET IN DEPTH THAT
DOES NOT MEET THE OPEN PIT REQUIREMENTS OF
WSDOT SECTION 2-09.3(3)8, IT SHALL BE
SHORED AND CRIBBED. THE CONTRACTOR IS
ALONE RESPONSIBLE FOR WORKER SAFETY. ALL
TRENCH SAFETY SYSTEMS SHALL MEET THE
REQUIREMENTS OF THE WASHINGTON INDUSTRIAL
SAFETY AND HEALTH ACT, CHAPTER 49.17 RCW.
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Figure 5: Subbasins 
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Appendix B – Geotechnical Analysis 
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Appendix C – Maintenance and Operations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 















ENGINEERED SOLUTIONS

Modular Wetlands® Linear 
Operation & Maintenance Manual
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Maintenance Summary

 • Remove Trash from Screening Device – average maintenance interval is 6 to 12 months.

 ◦ (5 minute average service time ).

 • Remove Sediment from Separation Chamber – average maintenance interval is 12 to 24 months.

 ◦ (10 minute average service time ).

 • Replace Cartridge Filter Media – average maintenance interval 12 to 24 months.

 ◦ (10-15 minute per cartridge average service time ).

 • Replace Drain Down Filter Media – average maintenance interval is 12 to 24 months.

 ◦ (5 minute average service time ).

 • Trim Vegetation – average maintenance interval is 6 to 12 months.

 ◦ (Service time varies).

System Diagram
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Maintenance Procedures

Screening Device

1. Remove grate or manhole cover to gain access to the screening device in the Pre- Treatment Chamber. Vault type 
units do not have screening device. Maintenance can be performed without entry.

2. Remove all pollutants collected by the screening device. Removal can be done manually or with the use of a vacuum 
truck.

3. Screening device can easily be removed from the Pre-Treatment Chamber to gain access to separation chamber and 
media filters below. Replace grate or manhole cover when completed.

Separation Chamber

1. Perform maintenance procedures of screening device listed above before maintaining the separation chamber.

2. With a pressure washer, spray down pollutants accumulated on walls and cartridge filters.

3. Vacuum out Separation Chamber and remove all accumulated pollutants. Replace screening device, grate or 
manhole cover when completed.

Cartridge Filters

1. Perform maintenance procedures on screening device and separation chamber before maintaining cartridge filters.

2. Enter separation chamber.

3. Unscrew the two bolts holding the lid on each cartridge filter and remove lid.

4. Remove each of 4 to 8 media cages holding the media in place.

5. Spray down the cartridge filter to remove any accumulated pollutants.

6. Vacuum out old media and accumulated pollutants.

7. Reinstall media cages and fill with new media from manufacturer or outside supplier. Manufacturer will provide 
specification of media and sources to purchase.

8. Replace the lid and tighten down bolts. Replace screening device, grate or manhole cover when completed.

Drain Down Filter

1. Remove hatch or manhole cover over discharge chamber and enter chamber. Entry into chambers may require 
confined space training based on state and local regulations.

2. Unlock and lift drain down filter housing and remove old media block. Replace with new media block. Lower drain 
down filter housing and lock into place.

3. Exit chamber and replace hatch or manhole cover.
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Maintenance Notes

1. Following maintenance and/or inspection, it is recommended the maintenance operator prepare a maintenance/
inspection record. The record should include any maintenance activities performed, amount and description of 
debris collected, and condition of the system and its various filter mechanisms.

2. The owner should keep maintenance/inspection record(s) for a minimum of five years from the date of 
maintenance. These records should be made available to the governing municipality for inspection upon request at 
any time.

3. Transport all debris, trash, organics and sediments to approved facility for disposal in accordance with local and 
state requirements.

4. Entry into chambers may require confined space training based on state and local regulations.

5. No fertilizer shall be used in the Biofiltration Chamber.

6. Irrigation should be provided as recommended by manufacturer and/or landscape architect. Amount of irrigation 
required is dependent on plant species. Some plants may require irrigation.

Maintenance Procedure Illustration

Screening Device

The screening device is located directly under the manhole or 
grate over the Pre-Treatment Chamber. It’s mounted directly 
underneath for easy access and cleaning. Device can be 
cleaned by hand or with a vacuum truck.

Separation Chamber

The separation chamber is located directly beneath the screening 
device. It can be quickly cleaned using a vacuum truck or by 
hand. A pressure washer is useful to assist in the cleaning process.
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Cartridge Filters

The cartridge filters are located in the Pre-Treatment chamber 
connected to the wall adjacent to the biofiltration chamber. The 
cartridges have removable tops to access the individual media 
filters. Once the cartridge is open media can be easily removed 
and replaced by hand or a vacuum truck.

Drain Down Filter

The drain down filter is located in the Discharge Chamber. The 
drain filter unlocks from the wall mount and hinges
up. Remove filter block and replace with new block.

Trim Vegetation

Vegetation should be maintained in the same manner as 
surrounding vegetation and trimmed as needed. No fertilizer 
shall be used on the plants. Irrigation per the recommendation of 
the manufacturer and or landscape
architect. Different types of vegetation requires different amounts 
of irrigation.
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For Office Use Only

(city) (Zip Code) (Reviewed By)

Owner / Management Company 
(Date)

Contact Phone (  ) _

Inspector Name Date / / Time AM / PM

Weather Condition Additional Notes

Yes

Depth:

Yes No

Modular Wetland System Type (Curb, Grate or UG Vault): Size (22', 14' or etc.):

Other Inspection Items:

 Storm Event in Last 72-hours?           No          YesType of Inspection             Routine Follow Up Complaint Storm

Office personnel to complete section to 
the left.

Inspection Report 
Modular Wetlands Linear

Is the filter insert (if applicable) at capacity and/or is there an accumulation of debris/trash on the shelf system?

Does the cartridge filter media need replacement in pre-treatment chamber and/or discharge chamber?

Any signs of improper functioning in the discharge chamber?  Note issues in comments section.

Chamber:

Is the inlet/outlet pipe or drain down pipe damaged or otherwise not functioning properly?

Structural Integrity:

Working Condition:
Is there evidence of illicit discharge or excessive oil, grease, or other automobile fluids entering and clogging the
unit?

Is there standing water in inappropriate areas after a dry period?

Damage to pre-treatment access cover (manhole cover/grate) or cannot be opened using normal lifting 
pressure?
Damage to discharge chamber access cover (manhole cover/grate) or cannot be opened using normal lifting 
pressure?

Does the MWS unit show signs of  structural deterioration (cracks in the wall, damage to frame)?

Project Name

Project Address 

Inspection Checklist

CommentsNo

Does the depth of sediment/trash/debris suggest a blockage of the inflow pipe, bypass or cartridge filter?  If yes, 
specify which one in the comments section.  Note depth of accumulation in in pre-treatment chamber.

Is there a septic or foul odor coming from inside the system?

Is there an accumulation of sediment/trash/debris in the wetland media (if applicable)?

Is it evident that the plants are alive and healthy (if applicable)? Please note Plant Information below.

Sediment / Silt / Clay

Trash / Bags / Bottles

Green Waste / Leaves / Foliage

Waste: Plant Information

No Cleaning Needed

Recommended Maintenance

Additional Notes:

Damage to Plants

Plant Replacement

Plant Trimming

Schedule Maintenance as Planned

Needs Immediate Maintenance

ENGINEERED SOLUTIONS
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For Office Use Only

(city) (Zip Code) (Reviewed By)

Owner / Management Company 
(Date)

Contact Phone (  ) _

Inspector Name   Date / / Time AM / PM

Weather Condition    Additional Notes

Site 
Map #

Comments:

Inlet and Outlet 
Pipe Condition

Drain Down Pipe 
Condition

Discharge Chamber 
Condition

Drain Down Media 
Condition

Plant Condition

Media Filter 
Condition

Long:

MWS 
Sedimentation 

Basin

Total Debris 
Accumulation

Condition of Media  
25/50/75/100

(will be changed
@ 75%)

Operational Per 
Manufactures' 
Specifications           
(If not, why?)

Lat: MWS             
Catch Basins

GPS Coordinates     
of Insert

Manufacturer / 
Description / Sizing

Trash 
Accumulation

Foliage 
Accumulation

Sediment 
Accumulation

Type of Inspection             Routine Follow Up Complaint Storm  Storm Event in Last 72-hours?            No           Yes           

Office personnel to complete section to 
the left.

Project Address 

Project Name   

Cleaning and Maintenance Report
Modular Wetlands LinearENGINEERED SOLUTIONS
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General Model Information
Project Name: ETC

Site Name:

Site Address:

City:

Report Date: 6/29/2023

Gage: 38 IN CENTRAL

Data Start: 10/01/1901

Data End: 09/30/2059

Timestep: 15 Minute

Precip Scale: 1.000

Version Date: 2021/08/18

Version: 4.2.18

POC Thresholds

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

High Flow Threshold for POC1: 50 Year
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Landuse Basin Data
Predeveloped Land Use

Basin  1
Bypass: No

GroundWater: No

Pervious Land Use acre
 C, Forest, Flat     10.56

 Pervious Total 10.56

Impervious Land Use acre

 Impervious Total 0

 Basin Total 10.56

Element Flows To:
Surface Interflow Groundwater
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Mitigated Land Use

Basin  1
Bypass: No

GroundWater: No

Pervious Land Use acre
 A B, Lawn, Mod      5.2

 Pervious Total 5.2

Impervious Land Use acre
 ROADS MOD          2.83
 ROOF TOPS FLAT     1.43
 SIDEWALKS MOD      0.67

 Impervious Total 4.93

 Basin Total 10.13

Element Flows To:
Surface Interflow Groundwater
Vault  1 Vault  1
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Bypass
Bypass: Yes

GroundWater: No

Pervious Land Use acre
 C, Lawn, Mod        0.03

 Pervious Total 0.03

Impervious Land Use acre
 ROADS MOD          0.15
 SIDEWALKS MOD      0.25

 Impervious Total 0.4

 Basin Total 0.43

Element Flows To:
Surface Interflow Groundwater
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Routing Elements
Predeveloped Routing
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Mitigated Routing

Vault  1
Width: 133.888690752879 ft.
Length: 133.888690752879 ft.
Depth: 7 ft.
Discharge Structure
Riser Height: 6 ft.
Riser Diameter: 18 in.
Notch Type: Rectangular
Notch Width: 0.500 ft.
Notch Height: 2.400 ft.
Orifice 1 Diameter: 1.391 in. Elevation:0 ft.
Element Flows To:
Outlet 1 Outlet 2

              Vault Hydraulic Table

Stage(feet) Area(ac.) Volume(ac-ft.) Discharge(cfs) Infilt(cfs)
0.0000 0.411 0.000 0.000 0.000
0.0778 0.411 0.032 0.014 0.000
0.1556 0.411 0.064 0.020 0.000
0.2333 0.411 0.096 0.025 0.000
0.3111 0.411 0.128 0.029 0.000
0.3889 0.411 0.160 0.032 0.000
0.4667 0.411 0.192 0.035 0.000
0.5444 0.411 0.224 0.038 0.000
0.6222 0.411 0.256 0.041 0.000
0.7000 0.411 0.288 0.043 0.000
0.7778 0.411 0.320 0.046 0.000
0.8556 0.411 0.352 0.048 0.000
0.9333 0.411 0.384 0.050 0.000
1.0111 0.411 0.416 0.052 0.000
1.0889 0.411 0.448 0.054 0.000
1.1667 0.411 0.480 0.056 0.000
1.2444 0.411 0.512 0.058 0.000
1.3222 0.411 0.544 0.060 0.000
1.4000 0.411 0.576 0.062 0.000
1.4778 0.411 0.608 0.063 0.000
1.5556 0.411 0.640 0.065 0.000
1.6333 0.411 0.672 0.067 0.000
1.7111 0.411 0.704 0.068 0.000
1.7889 0.411 0.736 0.070 0.000
1.8667 0.411 0.768 0.071 0.000
1.9444 0.411 0.800 0.073 0.000
2.0222 0.411 0.832 0.074 0.000
2.1000 0.411 0.864 0.076 0.000
2.1778 0.411 0.896 0.077 0.000
2.2556 0.411 0.928 0.078 0.000
2.3333 0.411 0.960 0.080 0.000
2.4111 0.411 0.992 0.081 0.000
2.4889 0.411 1.024 0.082 0.000
2.5667 0.411 1.056 0.084 0.000
2.6444 0.411 1.088 0.085 0.000
2.7222 0.411 1.120 0.086 0.000
2.8000 0.411 1.152 0.087 0.000
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2.8778 0.411 1.184 0.089 0.000
2.9556 0.411 1.216 0.090 0.000
3.0333 0.411 1.248 0.091 0.000
3.1111 0.411 1.280 0.092 0.000
3.1889 0.411 1.312 0.093 0.000
3.2667 0.411 1.344 0.094 0.000
3.3444 0.411 1.376 0.096 0.000
3.4222 0.411 1.408 0.097 0.000
3.5000 0.411 1.440 0.098 0.000
3.5778 0.411 1.472 0.099 0.000
3.6556 0.411 1.504 0.122 0.000
3.7333 0.411 1.536 0.180 0.000
3.8111 0.411 1.568 0.257 0.000
3.8889 0.411 1.600 0.347 0.000
3.9667 0.411 1.632 0.447 0.000
4.0444 0.411 1.664 0.555 0.000
4.1222 0.411 1.696 0.669 0.000
4.2000 0.411 1.728 0.788 0.000
4.2778 0.411 1.760 0.911 0.000
4.3556 0.411 1.792 1.037 0.000
4.4333 0.411 1.824 1.166 0.000
4.5111 0.411 1.856 1.295 0.000
4.5889 0.411 1.888 1.426 0.000
4.6667 0.411 1.920 1.580 0.000
4.7444 0.411 1.952 1.745 0.000
4.8222 0.411 1.984 1.915 0.000
4.9000 0.411 2.016 2.090 0.000
4.9778 0.411 2.048 2.271 0.000
5.0556 0.411 2.080 3.206 0.000
5.1333 0.411 2.112 3.457 0.000
5.2111 0.411 2.144 3.716 0.000
5.2889 0.411 2.176 3.980 0.000
5.3667 0.411 2.208 4.251 0.000
5.4444 0.411 2.240 4.527 0.000
5.5222 0.411 2.272 4.810 0.000
5.6000 0.411 2.304 5.098 0.000
5.6778 0.411 2.336 5.392 0.000
5.7556 0.411 2.368 5.691 0.000
5.8333 0.411 2.400 5.996 0.000
5.9111 0.411 2.432 6.306 0.000
5.9889 0.411 2.464 6.621 0.000
6.0667 0.411 2.496 6.941 0.000
6.1444 0.411 2.528 7.537 0.000
6.2222 0.411 2.560 8.306 0.000
6.3000 0.411 2.592 9.171 0.000
6.3778 0.411 2.624 10.05 0.000
6.4556 0.411 2.656 10.88 0.000
6.5333 0.411 2.688 11.59 0.000
6.6111 0.411 2.720 12.14 0.000
6.6889 0.411 2.752 12.52 0.000
6.7667 0.411 2.784 12.88 0.000
6.8444 0.411 2.816 13.18 0.000
6.9222 0.411 2.848 13.48 0.000
7.0000 0.411 2.880 13.76 0.000
7.0778 0.411 2.912 14.03 0.000
7.1556 0.000 0.000 14.29 0.000
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Analysis Results
POC 1

+ Predeveloped x Mitigated

Predeveloped Landuse Totals for POC #1
Total Pervious Area: 10.56
Total Impervious Area: 0

Mitigated Landuse Totals for POC #1
Total Pervious Area: 5.23
Total Impervious Area: 5.33

Flow Frequency Method: Log Pearson Type III 17B

Flow Frequency Return Periods for Predeveloped.  POC #1
Return Period Flow(cfs)
2 year 0.222529
5 year 0.346189
10 year 0.413381
25 year 0.481771
50 year 0.52242
100 year 0.555845

Flow Frequency Return Periods for Mitigated.  POC #1
Return Period Flow(cfs)
2 year 0.226076
5 year 0.337869
10 year 0.433687
25 year 0.584091
50 year 0.720673
100 year 0.881287

Annual Peaks
Annual Peaks for Predeveloped and Mitigated.  POC #1
Year Predeveloped Mitigated
1902 0.163 0.217
1903 0.136 0.240
1904 0.222 0.278
1905 0.107 0.175
1906 0.048 0.151
1907 0.342 0.224
1908 0.253 0.175
1909 0.250 0.192
1910 0.345 0.225
1911 0.225 0.208
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1912 0.741 0.356
1913 0.355 0.184
1914 0.087 0.608
1915 0.143 0.172
1916 0.222 0.258
1917 0.074 0.128
1918 0.238 0.197
1919 0.176 0.159
1920 0.226 0.200
1921 0.253 0.190
1922 0.254 0.238
1923 0.204 0.166
1924 0.093 0.244
1925 0.116 0.149
1926 0.216 0.205
1927 0.140 0.177
1928 0.172 0.171
1929 0.353 0.271
1930 0.227 0.276
1931 0.210 0.169
1932 0.164 0.178
1933 0.159 0.192
1934 0.466 0.617
1935 0.216 0.212
1936 0.188 0.206
1937 0.300 0.244
1938 0.183 0.167
1939 0.011 0.189
1940 0.203 0.280
1941 0.097 0.278
1942 0.305 0.535
1943 0.157 0.217
1944 0.288 0.421
1945 0.254 0.219
1946 0.138 0.207
1947 0.087 0.159
1948 0.479 0.224
1949 0.410 0.540
1950 0.116 0.168
1951 0.143 0.286
1952 0.624 0.749
1953 0.563 0.512
1954 0.203 0.178
1955 0.166 0.166
1956 0.081 0.155
1957 0.288 0.167
1958 0.602 0.727
1959 0.372 0.712
1960 0.099 0.174
1961 0.374 0.446
1962 0.201 0.192
1963 0.096 0.140
1964 0.106 0.434
1965 0.419 0.474
1966 0.117 0.162
1967 0.180 0.216
1968 0.184 0.189
1969 0.183 0.175
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1970 0.287 0.211
1971 0.452 0.463
1972 0.293 0.553
1973 0.373 0.325
1974 0.202 0.233
1975 0.474 0.719
1976 0.251 0.263
1977 0.085 0.150
1978 0.422 0.242
1979 0.116 0.209
1980 0.239 0.240
1981 0.229 0.216
1982 0.094 0.183
1983 0.374 0.246
1984 0.153 0.228
1985 0.248 0.271
1986 0.223 0.172
1987 0.425 0.404
1988 0.269 0.176
1989 0.242 0.155
1990 0.274 0.188
1991 0.215 0.282
1992 0.307 0.269
1993 0.298 0.226
1994 0.446 0.203
1995 0.086 0.180
1996 0.489 0.553
1997 0.188 0.181
1998 0.223 0.215
1999 0.018 0.217
2000 0.170 0.201
2001 0.087 0.162
2002 0.310 0.281
2003 0.270 0.210
2004 0.248 0.233
2005 0.457 0.477
2006 0.138 0.203
2007 0.139 0.250
2008 0.236 0.181
2009 0.162 0.159
2010 0.138 0.215
2011 0.112 0.205
2012 0.162 0.193
2013 0.126 0.183
2014 0.094 0.178
2015 0.180 0.271
2016 0.072 0.200
2017 0.343 0.406
2018 0.624 0.956
2019 0.582 0.909
2020 0.190 0.211
2021 0.309 0.218
2022 0.128 0.265
2023 0.260 0.340
2024 0.488 0.378
2025 0.229 0.185
2026 0.374 0.278
2027 0.135 0.225
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2028 0.117 0.117
2029 0.254 0.169
2030 0.471 0.264
2031 0.155 0.124
2032 0.085 0.166
2033 0.136 0.188
2034 0.134 0.163
2035 0.531 1.120
2036 0.276 0.182
2037 0.066 0.247
2038 0.220 0.217
2039 0.022 0.383
2040 0.122 0.183
2041 0.165 0.202
2042 0.516 0.733
2043 0.249 0.226
2044 0.336 0.208
2045 0.229 0.153
2046 0.268 0.412
2047 0.198 0.182
2048 0.256 0.176
2049 0.229 0.224
2050 0.164 0.190
2051 0.238 0.270
2052 0.137 0.207
2053 0.245 0.266
2054 0.312 0.304
2055 0.097 0.178
2056 0.108 0.238
2057 0.168 0.143
2058 0.213 0.254
2059 0.376 0.278

Ranked Annual Peaks
Ranked Annual Peaks for Predeveloped and Mitigated.  POC #1
Rank Predeveloped Mitigated
1 0.7407 1.1202
2 0.6242 0.9561
3 0.6236 0.9093
4 0.6024 0.7495
5 0.5816 0.7327
6 0.5631 0.7271
7 0.5309 0.7192
8 0.5164 0.7118
9 0.4890 0.6168
10 0.4883 0.6079
11 0.4787 0.5527
12 0.4743 0.5526
13 0.4706 0.5398
14 0.4659 0.5352
15 0.4575 0.5124
16 0.4519 0.4775
17 0.4462 0.4735
18 0.4248 0.4633
19 0.4223 0.4464
20 0.4190 0.4340
21 0.4102 0.4214
22 0.3765 0.4122
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23 0.3745 0.4065
24 0.3744 0.4044
25 0.3743 0.3835
26 0.3734 0.3779
27 0.3724 0.3564
28 0.3549 0.3396
29 0.3534 0.3249
30 0.3449 0.3035
31 0.3429 0.2860
32 0.3415 0.2819
33 0.3365 0.2811
34 0.3117 0.2796
35 0.3102 0.2781
36 0.3088 0.2780
37 0.3069 0.2777
38 0.3054 0.2776
39 0.3002 0.2758
40 0.2975 0.2713
41 0.2930 0.2708
42 0.2884 0.2707
43 0.2878 0.2701
44 0.2870 0.2692
45 0.2757 0.2656
46 0.2741 0.2649
47 0.2701 0.2638
48 0.2694 0.2629
49 0.2684 0.2583
50 0.2597 0.2535
51 0.2557 0.2497
52 0.2544 0.2474
53 0.2539 0.2461
54 0.2537 0.2444
55 0.2531 0.2441
56 0.2530 0.2422
57 0.2511 0.2399
58 0.2502 0.2396
59 0.2494 0.2384
60 0.2485 0.2384
61 0.2483 0.2332
62 0.2452 0.2329
63 0.2422 0.2277
64 0.2391 0.2256
65 0.2383 0.2255
66 0.2378 0.2251
67 0.2363 0.2248
68 0.2293 0.2242
69 0.2291 0.2237
70 0.2289 0.2237
71 0.2286 0.2191
72 0.2271 0.2183
73 0.2263 0.2174
74 0.2246 0.2172
75 0.2232 0.2171
76 0.2227 0.2168
77 0.2221 0.2159
78 0.2220 0.2156
79 0.2198 0.2153
80 0.2163 0.2151
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81 0.2155 0.2120
82 0.2146 0.2112
83 0.2132 0.2111
84 0.2101 0.2102
85 0.2041 0.2094
86 0.2032 0.2081
87 0.2027 0.2077
88 0.2021 0.2067
89 0.2010 0.2065
90 0.1976 0.2056
91 0.1897 0.2049
92 0.1880 0.2048
93 0.1876 0.2034
94 0.1836 0.2030
95 0.1833 0.2016
96 0.1829 0.2014
97 0.1803 0.1997
98 0.1800 0.1996
99 0.1758 0.1971
100 0.1725 0.1928
101 0.1698 0.1924
102 0.1684 0.1922
103 0.1661 0.1916
104 0.1647 0.1904
105 0.1645 0.1903
106 0.1641 0.1892
107 0.1632 0.1888
108 0.1622 0.1883
109 0.1618 0.1877
110 0.1587 0.1849
111 0.1571 0.1836
112 0.1555 0.1833
113 0.1526 0.1831
114 0.1430 0.1827
115 0.1430 0.1825
116 0.1398 0.1822
117 0.1388 0.1808
118 0.1384 0.1806
119 0.1381 0.1799
120 0.1376 0.1784
121 0.1370 0.1783
122 0.1361 0.1782
123 0.1357 0.1775
124 0.1345 0.1770
125 0.1339 0.1764
126 0.1278 0.1758
127 0.1263 0.1750
128 0.1222 0.1747
129 0.1175 0.1745
130 0.1166 0.1739
131 0.1162 0.1723
132 0.1158 0.1721
133 0.1157 0.1706
134 0.1115 0.1691
135 0.1083 0.1689
136 0.1068 0.1680
137 0.1060 0.1675
138 0.0991 0.1670
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139 0.0966 0.1664
140 0.0966 0.1660
141 0.0963 0.1656
142 0.0941 0.1634
143 0.0936 0.1623
144 0.0932 0.1615
145 0.0869 0.1592
146 0.0869 0.1588
147 0.0867 0.1587
148 0.0856 0.1553
149 0.0847 0.1553
150 0.0845 0.1526
151 0.0814 0.1506
152 0.0741 0.1495
153 0.0717 0.1491
154 0.0659 0.1434
155 0.0478 0.1400
156 0.0221 0.1275
157 0.0180 0.1238
158 0.0114 0.1168
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Duration Flows
The Facility PASSED

Flow(cfs) Predev Mit Percentage Pass/Fail
0.1113 54547 17617 32 Pass
0.1154 50553 14775 29 Pass
0.1196 47041 12354 26 Pass
0.1237 43839 10443 23 Pass
0.1279 40869 8870 21 Pass
0.1320 37462 7446 19 Pass
0.1362 35013 6526 18 Pass
0.1403 32753 5767 17 Pass
0.1445 30587 5140 16 Pass
0.1486 28565 4633 16 Pass
0.1528 26736 4212 15 Pass
0.1569 25152 3865 15 Pass
0.1611 23324 3488 14 Pass
0.1653 22000 3249 14 Pass
0.1694 20748 2986 14 Pass
0.1736 19568 2786 14 Pass
0.1777 18471 2608 14 Pass
0.1819 17446 2449 14 Pass
0.1860 16155 2261 13 Pass
0.1902 15169 2120 13 Pass
0.1943 14338 2027 14 Pass
0.1985 13523 1926 14 Pass
0.2026 12786 1844 14 Pass
0.2068 12061 1763 14 Pass
0.2109 11401 1699 14 Pass
0.2151 10582 1606 15 Pass
0.2192 10000 1530 15 Pass
0.2234 9424 1473 15 Pass
0.2276 8931 1428 15 Pass
0.2317 8404 1378 16 Pass
0.2359 7950 1327 16 Pass
0.2400 7457 1276 17 Pass
0.2442 7041 1240 17 Pass
0.2483 6637 1208 18 Pass
0.2525 6299 1177 18 Pass
0.2566 6022 1140 18 Pass
0.2608 5756 1109 19 Pass
0.2649 5495 1079 19 Pass
0.2691 5199 1040 20 Pass
0.2732 4955 1007 20 Pass
0.2774 4714 980 20 Pass
0.2815 4533 957 21 Pass
0.2857 4358 935 21 Pass
0.2898 4191 911 21 Pass
0.2940 3956 890 22 Pass
0.2982 3771 873 23 Pass
0.3023 3587 859 23 Pass
0.3065 3432 832 24 Pass
0.3106 3285 815 24 Pass
0.3148 3152 799 25 Pass
0.3189 3050 783 25 Pass
0.3231 2928 764 26 Pass
0.3272 2816 752 26 Pass
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0.3314 2691 737 27 Pass
0.3355 2565 725 28 Pass
0.3397 2470 709 28 Pass
0.3438 2374 693 29 Pass
0.3480 2282 678 29 Pass
0.3521 2143 659 30 Pass
0.3563 2044 645 31 Pass
0.3604 1958 634 32 Pass
0.3646 1873 623 33 Pass
0.3688 1790 610 34 Pass
0.3729 1711 595 34 Pass
0.3771 1619 583 36 Pass
0.3812 1563 567 36 Pass
0.3854 1487 549 36 Pass
0.3895 1417 531 37 Pass
0.3937 1353 516 38 Pass
0.3978 1282 506 39 Pass
0.4020 1230 490 39 Pass
0.4061 1164 460 39 Pass
0.4103 1107 439 39 Pass
0.4144 1064 427 40 Pass
0.4186 1013 421 41 Pass
0.4227 971 407 41 Pass
0.4269 927 399 43 Pass
0.4311 872 384 44 Pass
0.4352 815 369 45 Pass
0.4394 777 360 46 Pass
0.4435 740 341 46 Pass
0.4477 698 332 47 Pass
0.4518 651 325 49 Pass
0.4560 610 314 51 Pass
0.4601 556 303 54 Pass
0.4643 518 290 55 Pass
0.4684 482 286 59 Pass
0.4726 439 280 63 Pass
0.4767 396 272 68 Pass
0.4809 367 259 70 Pass
0.4850 339 255 75 Pass
0.4892 311 251 80 Pass
0.4933 297 239 80 Pass
0.4975 276 232 84 Pass
0.5017 254 228 89 Pass
0.5058 240 222 92 Pass
0.5100 225 218 96 Pass
0.5141 206 208 100 Pass
0.5183 195 204 104 Pass
0.5224 181 197 108 Pass
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Water Quality
Water Quality BMP Flow and Volume for POC #1
On-line facility volume: 0 acre-feet
On-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
Off-line facility target flow: 0 cfs.
Adjusted for 15 min: 0 cfs.
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LID Report
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Model Default Modifications

Total of 0 changes have been made.

PERLND Changes
 No PERLND changes have been made.

IMPLND Changes
No IMPLND changes have been made.
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Appendix
Predeveloped Schematic
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Mitigated Schematic
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Predeveloped UCI File
RUN

GLOBAL
  WWHM4 model simulation
  START       1901 10 01        END    2059 09 30
  RUN INTERP OUTPUT LEVEL    3    0
  RESUME     0 RUN     1                   UNIT SYSTEM     1
END GLOBAL

FILES
<File>  <Un#>   <-----------File Name------------------------------>***
<-ID->                                                              ***
WDM        26   ETC.wdm
MESSU      25   PreETC.MES
           27   PreETC.L61
           28   PreETC.L62
           30   POCETC1.dat
END FILES

OPN SEQUENCE
    INGRP              INDELT 00:15
      PERLND      10
      COPY       501
      DISPLY       1
    END INGRP
END OPN SEQUENCE
DISPLY
  DISPLY-INFO1
    # -  #<----------Title----------->***TRAN PIVL DIG1 FIL1  PYR DIG2 FIL2 YRND
    1        Basin  1                    MAX                    1    2   30    9
  END DISPLY-INFO1
END DISPLY
COPY
  TIMESERIES
    # -  #  NPT  NMN ***
    1         1    1
  501         1    1
  END TIMESERIES
END COPY
GENER 
  OPCODE
    #    # OPCD ***
  END OPCODE
  PARM
    #    #         K ***
  END PARM
END GENER
PERLND
  GEN-INFO
    <PLS ><-------Name------->NBLKS   Unit-systems   Printer ***
    # -  #                          User  t-series Engl Metr ***
                                           in  out           ***
   10     C, Forest, Flat         1    1    1    1   27    0
  END GEN-INFO
  *** Section PWATER***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC ***
   10         0    0    1    0    0    0    0    0    0    0    0    0    
  END ACTIVITY

  PRINT-INFO
    <PLS > ***************** Print-flags ***************************** PIVL  PYR
    # -  # ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC  *********
   10         0    0    4    0    0    0    0    0    0    0    0    0    1    9    
  END PRINT-INFO
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  PWAT-PARM1
    <PLS >  PWATER variable monthly parameter value flags  ***
    # -  # CSNO RTOP UZFG  VCS  VUZ  VNN VIFW VIRC  VLE INFC  HWT ***
   10         0    0    0    0    0    0    0    0    0    0    0    
  END PWAT-PARM1

  PWAT-PARM2
    <PLS >      PWATER input info: Part 2         ***
    # -  # ***FOREST      LZSN    INFILT      LSUR     SLSUR     KVARY     AGWRC
   10              0       4.5      0.08       400      0.05       0.5     0.996
  END PWAT-PARM2

  PWAT-PARM3
    <PLS >      PWATER input info: Part 3         ***
    # -  # ***PETMAX    PETMIN    INFEXP    INFILD    DEEPFR    BASETP    AGWETP
   10              0         0         2         2         0         0         0
  END PWAT-PARM3
  PWAT-PARM4
    <PLS >     PWATER input info: Part 4                               ***
    # -  #     CEPSC      UZSN      NSUR     INTFW       IRC     LZETP ***
   10            0.2       0.5      0.35         6       0.5       0.7
  END PWAT-PARM4

  PWAT-STATE1
    <PLS > *** Initial conditions at start of simulation
              ran from 1990 to end of 1992 (pat 1-11-95) RUN 21 ***
    # -  # ***  CEPS      SURS       UZS      IFWS       LZS      AGWS      GWVS
   10              0         0         0         0       2.5         1         0
  END PWAT-STATE1

END PERLND

IMPLND
  GEN-INFO
    <PLS ><-------Name------->   Unit-systems   Printer ***
    # -  #                     User  t-series Engl Metr ***
                                      in  out           ***
  END GEN-INFO
  *** Section IWATER***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL   ***
  END ACTIVITY

  PRINT-INFO
    <ILS > ******** Print-flags ******** PIVL  PYR
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL    *********
  END PRINT-INFO

  IWAT-PARM1
    <PLS >  IWATER variable monthly parameter value flags  ***
    # -  # CSNO RTOP  VRS  VNN RTLI     ***
  END IWAT-PARM1

  IWAT-PARM2
    <PLS >      IWATER input info: Part 2         ***
    # -  # ***  LSUR     SLSUR      NSUR     RETSC    
  END IWAT-PARM2

  IWAT-PARM3
    <PLS >      IWATER input info: Part 3         ***
    # -  # ***PETMAX    PETMIN              
  END IWAT-PARM3

  IWAT-STATE1
    <PLS > *** Initial conditions at start of simulation
    # -  # ***  RETS      SURS  
  END IWAT-STATE1
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END IMPLND

SCHEMATIC
<-Source->                  <--Area-->     <-Target->   MBLK   ***
<Name>   #                  <-factor->     <Name>   #   Tbl#   ***
Basin  1***
PERLND  10                       10.56     COPY   501     12
PERLND  10                       10.56     COPY   501     13

******Routing******
END SCHEMATIC

NETWORK
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
COPY   501 OUTPUT MEAN   1 1   48.4        DISPLY   1     INPUT  TIMSER 1

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
END NETWORK

RCHRES
  GEN-INFO
    RCHRES       Name        Nexits   Unit Systems   Printer                 ***
    # -  #<------------------><---> User T-series  Engl Metr LKFG            ***
                                           in  out                           ***
  END GEN-INFO
  *** Section RCHRES***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***
  END ACTIVITY

  PRINT-INFO
    <PLS > ***************** Print-flags ******************* PIVL  PYR
    # -  # HYDR ADCA CONS HEAT  SED  GQL OXRX NUTR PLNK PHCB PIVL  PYR  *********
  END PRINT-INFO

  HYDR-PARM1
    RCHRES  Flags for each HYDR Section                                      ***
    # -  #  VC A1 A2 A3  ODFVFG for each *** ODGTFG for each     FUNCT  for each
            FG FG FG FG  possible  exit  *** possible  exit      possible  exit
             *  *  *  *    *  *  *  *  *       *  *  *  *  *         ***
  END HYDR-PARM1

  HYDR-PARM2
    # -  #    FTABNO       LEN     DELTH     STCOR        KS      DB50       ***
  <------><--------><--------><--------><--------><--------><-------->       ***
  END HYDR-PARM2
  HYDR-INIT
    RCHRES  Initial conditions for each HYDR section                         ***
    # -  # ***   VOL     Initial  value  of COLIND     Initial  value  of OUTDGT
          *** ac-ft     for each possible exit        for each possible exit
  <------><-------->     <---><---><---><---><---> *** <---><---><---><---><--->
  END HYDR-INIT
END RCHRES

SPEC-ACTIONS
END SPEC-ACTIONS
FTABLES
END FTABLES

EXT SOURCES
<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   # <Name> # tem strg<-factor->strg <Name>   #   #        <Name> # #  ***
WDM      2 PREC     ENGL    1              PERLND   1 999 EXTNL  PREC
WDM      2 PREC     ENGL    1              IMPLND   1 999 EXTNL  PREC
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WDM      1 EVAP     ENGL    1              PERLND   1 999 EXTNL  PETINP
WDM      1 EVAP     ENGL    1              IMPLND   1 999 EXTNL  PETINP

END EXT SOURCES

EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name>   #        <Name> # #<-factor->strg <Name>   # <Name>    tem strg strg***
COPY   501 OUTPUT MEAN   1 1     48.4      WDM    501 FLOW     ENGL      REPL
END EXT TARGETS

MASS-LINK
<Volume>   <-Grp> <-Member-><--Mult-->     <Target>       <-Grp> <-Member->***
<Name>            <Name> # #<-factor->     <Name>                <Name> # #***
  MASS-LINK       12
PERLND     PWATER SURO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   12

  MASS-LINK       13
PERLND     PWATER IFWO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   13

END MASS-LINK

END RUN
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Mitigated UCI File
RUN

GLOBAL
  WWHM4 model simulation
  START       1901 10 01        END    2059 09 30
  RUN INTERP OUTPUT LEVEL    3    0
  RESUME     0 RUN     1                   UNIT SYSTEM     1
END GLOBAL

FILES
<File>  <Un#>   <-----------File Name------------------------------>***
<-ID->                                                              ***
WDM        26   ETC.wdm
MESSU      25   MitETC.MES
           27   MitETC.L61
           28   MitETC.L62
           30   POCETC1.dat
END FILES

OPN SEQUENCE
    INGRP              INDELT 00:15
      PERLND       8
      IMPLND       2
      IMPLND       4
      IMPLND       9
      PERLND      17
      RCHRES       1
      COPY         1
      COPY       501
      COPY       601
      DISPLY       1
    END INGRP
END OPN SEQUENCE
DISPLY
  DISPLY-INFO1
    # -  #<----------Title----------->***TRAN PIVL DIG1 FIL1  PYR DIG2 FIL2 YRND
    1        Vault  1                    MAX                    1    2   30    9
  END DISPLY-INFO1
END DISPLY
COPY
  TIMESERIES
    # -  #  NPT  NMN ***
    1         1    1
  501         1    1
  601         1    1
  END TIMESERIES
END COPY
GENER 
  OPCODE
    #    # OPCD ***
  END OPCODE
  PARM
    #    #         K ***
  END PARM
END GENER
PERLND
  GEN-INFO
    <PLS ><-------Name------->NBLKS   Unit-systems   Printer ***
    # -  #                          User  t-series Engl Metr ***
                                           in  out           ***
    8     A/B, Lawn, Mod          1    1    1    1   27    0
   17     C, Lawn, Mod            1    1    1    1   27    0
  END GEN-INFO
  *** Section PWATER***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC ***
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    8         0    0    1    0    0    0    0    0    0    0    0    0    
   17         0    0    1    0    0    0    0    0    0    0    0    0    
  END ACTIVITY

  PRINT-INFO
    <PLS > ***************** Print-flags ***************************** PIVL  PYR
    # -  # ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC  *********
    8         0    0    4    0    0    0    0    0    0    0    0    0    1    9    
   17         0    0    4    0    0    0    0    0    0    0    0    0    1    9    
  END PRINT-INFO

  PWAT-PARM1
    <PLS >  PWATER variable monthly parameter value flags  ***
    # -  # CSNO RTOP UZFG  VCS  VUZ  VNN VIFW VIRC  VLE INFC  HWT ***
    8         0    0    0    0    0    0    0    0    0    0    0    
   17         0    0    0    0    0    0    0    0    0    0    0    
  END PWAT-PARM1

  PWAT-PARM2
    <PLS >      PWATER input info: Part 2         ***
    # -  # ***FOREST      LZSN    INFILT      LSUR     SLSUR     KVARY     AGWRC
    8              0         5       0.8       400       0.1       0.3     0.996
   17              0       4.5      0.03       400       0.1       0.5     0.996
  END PWAT-PARM2

  PWAT-PARM3
    <PLS >      PWATER input info: Part 3         ***
    # -  # ***PETMAX    PETMIN    INFEXP    INFILD    DEEPFR    BASETP    AGWETP
    8              0         0         2         2         0         0         0
   17              0         0         2         2         0         0         0
  END PWAT-PARM3
  PWAT-PARM4
    <PLS >     PWATER input info: Part 4                               ***
    # -  #     CEPSC      UZSN      NSUR     INTFW       IRC     LZETP ***
    8            0.1       0.5      0.25         0       0.7      0.25
   17            0.1      0.25      0.25         6       0.5      0.25
  END PWAT-PARM4

  PWAT-STATE1
    <PLS > *** Initial conditions at start of simulation
              ran from 1990 to end of 1992 (pat 1-11-95) RUN 21 ***
    # -  # ***  CEPS      SURS       UZS      IFWS       LZS      AGWS      GWVS
    8              0         0         0         0         3         1         0
   17              0         0         0         0       2.5         1         0
  END PWAT-STATE1

END PERLND

IMPLND
  GEN-INFO
    <PLS ><-------Name------->   Unit-systems   Printer ***
    # -  #                     User  t-series Engl Metr ***
                                      in  out           ***
    2      ROADS/MOD              1    1    1   27    0
    4      ROOF TOPS/FLAT         1    1    1   27    0
    9      SIDEWALKS/MOD          1    1    1   27    0
  END GEN-INFO
  *** Section IWATER***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL   ***
    2         0    0    1    0    0    0    
    4         0    0    1    0    0    0    
    9         0    0    1    0    0    0    
  END ACTIVITY

  PRINT-INFO
    <ILS > ******** Print-flags ******** PIVL  PYR
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL    *********
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    2         0    0    4    0    0    0    1    9    
    4         0    0    4    0    0    0    1    9    
    9         0    0    4    0    0    0    1    9    
  END PRINT-INFO

  IWAT-PARM1
    <PLS >  IWATER variable monthly parameter value flags  ***
    # -  # CSNO RTOP  VRS  VNN RTLI     ***
    2         0    0    0    0    0    
    4         0    0    0    0    0    
    9         0    0    0    0    0    
  END IWAT-PARM1

  IWAT-PARM2
    <PLS >      IWATER input info: Part 2         ***
    # -  # ***  LSUR     SLSUR      NSUR     RETSC    
    2            400      0.05       0.1      0.08
    4            400      0.01       0.1       0.1
    9            400      0.05       0.1      0.08
  END IWAT-PARM2

  IWAT-PARM3
    <PLS >      IWATER input info: Part 3         ***
    # -  # ***PETMAX    PETMIN              
    2              0         0
    4              0         0
    9              0         0
  END IWAT-PARM3

  IWAT-STATE1
    <PLS > *** Initial conditions at start of simulation
    # -  # ***  RETS      SURS  
    2              0         0
    4              0         0
    9              0         0
  END IWAT-STATE1

END IMPLND

SCHEMATIC
<-Source->                  <--Area-->     <-Target->   MBLK   ***
<Name>   #                  <-factor->     <Name>   #   Tbl#   ***
Basin  1***
PERLND   8                         5.2     RCHRES   1      2
PERLND   8                         5.2     RCHRES   1      3
IMPLND   2                        2.83     RCHRES   1      5
IMPLND   4                        1.43     RCHRES   1      5
IMPLND   9                        0.67     RCHRES   1      5
Bypass***
PERLND  17                        0.03     COPY   501     12
PERLND  17                        0.03     COPY   601     12
PERLND  17                        0.03     COPY   501     13
PERLND  17                        0.03     COPY   601     13
IMPLND   2                        0.15     COPY   501     15
IMPLND   2                        0.15     COPY   601     15
IMPLND   9                        0.25     COPY   501     15
IMPLND   9                        0.25     COPY   601     15

******Routing******
PERLND   8                         5.2     COPY     1     12
IMPLND   2                        2.83     COPY     1     15
IMPLND   4                        1.43     COPY     1     15
IMPLND   9                        0.67     COPY     1     15
PERLND   8                         5.2     COPY     1     13
RCHRES   1                           1     COPY   501     16
END SCHEMATIC

NETWORK
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
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COPY   501 OUTPUT MEAN   1 1   48.4        DISPLY   1     INPUT  TIMSER 1

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
END NETWORK

RCHRES
  GEN-INFO
    RCHRES       Name        Nexits   Unit Systems   Printer                 ***
    # -  #<------------------><---> User T-series  Engl Metr LKFG            ***
                                           in  out                           ***
    1     Vault  1                1    1    1    1   28    0    1
  END GEN-INFO
  *** Section RCHRES***

  ACTIVITY
    <PLS > ************* Active Sections *****************************
    # -  # HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG ***
    1         1    0    0    0    0    0    0    0    0    0    
  END ACTIVITY

  PRINT-INFO
    <PLS > ***************** Print-flags ******************* PIVL  PYR
    # -  # HYDR ADCA CONS HEAT  SED  GQL OXRX NUTR PLNK PHCB PIVL  PYR  *********
    1         4    0    0    0    0    0    0    0    0    0    1    9    
  END PRINT-INFO

  HYDR-PARM1
    RCHRES  Flags for each HYDR Section                                      ***
    # -  #  VC A1 A2 A3  ODFVFG for each *** ODGTFG for each     FUNCT  for each
            FG FG FG FG  possible  exit  *** possible  exit      possible  exit
             *  *  *  *    *  *  *  *  *       *  *  *  *  *         ***
    1        0  1  0  0    4  0  0  0  0       0  0  0  0  0       2  2  2  2  2
  END HYDR-PARM1

  HYDR-PARM2
    # -  #    FTABNO       LEN     DELTH     STCOR        KS      DB50       ***
  <------><--------><--------><--------><--------><--------><-------->       ***
    1              1      0.03       0.0       0.0       0.5       0.0
  END HYDR-PARM2
  HYDR-INIT
    RCHRES  Initial conditions for each HYDR section                         ***
    # -  # ***   VOL     Initial  value  of COLIND     Initial  value  of OUTDGT
          *** ac-ft     for each possible exit        for each possible exit
  <------><-------->     <---><---><---><---><---> *** <---><---><---><---><--->
    1            0         4.0  0.0  0.0  0.0  0.0       0.0  0.0  0.0  0.0  0.0
  END HYDR-INIT
END RCHRES

SPEC-ACTIONS
END SPEC-ACTIONS
FTABLES
  FTABLE      1
   92    4
     Depth      Area    Volume  Outflow1 Velocity  Travel Time***
      (ft)   (acres) (acre-ft)   (cfs)   (ft/sec)    (Minutes)***
  0.000000  0.411529  0.000000  0.000000  
  0.077778  0.411529  0.032008  0.014643  
  0.155556  0.411529  0.064016  0.020709  
  0.233333  0.411529  0.096023  0.025363  
  0.311111  0.411529  0.128031  0.029287  
  0.388889  0.411529  0.160039  0.032744  
  0.466667  0.411529  0.192047  0.035869  
  0.544444  0.411529  0.224054  0.038743  
  0.622222  0.411529  0.256062  0.041418  
  0.700000  0.411529  0.288070  0.043930  
  0.777778  0.411529  0.320078  0.046306  
  0.855556  0.411529  0.352085  0.048567  
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  0.933333  0.411529  0.384093  0.050726  
  1.011111  0.411529  0.416101  0.052797  
  1.088889  0.411529  0.448109  0.054790  
  1.166667  0.411529  0.480117  0.056713  
  1.244444  0.411529  0.512124  0.058573  
  1.322222  0.411529  0.544132  0.060376  
  1.400000  0.411529  0.576140  0.062127  
  1.477778  0.411529  0.608148  0.063829  
  1.555556  0.411529  0.640155  0.065487  
  1.633333  0.411529  0.672163  0.067104  
  1.711111  0.411529  0.704171  0.068683  
  1.788889  0.411529  0.736179  0.070227  
  1.866667  0.411529  0.768187  0.071738  
  1.944444  0.411529  0.800194  0.073217  
  2.022222  0.411529  0.832202  0.074667  
  2.100000  0.411529  0.864210  0.076089  
  2.177778  0.411529  0.896218  0.077485  
  2.255556  0.411529  0.928225  0.078857  
  2.333333  0.411529  0.960233  0.080205  
  2.411111  0.411529  0.992241  0.081531  
  2.488889  0.411529  1.024249  0.082835  
  2.566667  0.411529  1.056256  0.084120  
  2.644444  0.411529  1.088264  0.085385  
  2.722222  0.411529  1.120272  0.086631  
  2.800000  0.411529  1.152280  0.087860  
  2.877778  0.411529  1.184288  0.089072  
  2.955556  0.411529  1.216295  0.090268  
  3.033333  0.411529  1.248303  0.091448  
  3.111111  0.411529  1.280311  0.092613  
  3.188889  0.411529  1.312319  0.093763  
  3.266667  0.411529  1.344326  0.094900  
  3.344444  0.411529  1.376334  0.096023  
  3.422222  0.411529  1.408342  0.097133  
  3.500000  0.411529  1.440350  0.098231  
  3.577778  0.411529  1.472358  0.099316  
  3.655556  0.411529  1.504365  0.121950  
  3.733333  0.411529  1.536373  0.180353  
  3.811111  0.411529  1.568381  0.257188  
  3.888889  0.411529  1.600389  0.347137  
  3.966667  0.411529  1.632396  0.447141  
  4.044444  0.411529  1.664404  0.555076  
  4.122222  0.411529  1.696412  0.669322  
  4.200000  0.411529  1.728420  0.788570  
  4.277778  0.411529  1.760427  0.911722  
  4.355556  0.411529  1.792435  1.037830  
  4.433333  0.411529  1.824443  1.166062  
  4.511111  0.411529  1.856451  1.295670  
  4.588889  0.411529  1.888459  1.425978  
  4.666667  0.411529  1.920466  1.580823  
  4.744444  0.411529  1.952474  1.745152  
  4.822222  0.411529  1.984482  1.915124  
  4.900000  0.411529  2.016490  2.090556  
  4.977778  0.411529  2.048497  2.271282  
  5.055556  0.411529  2.080505  3.206205  
  5.133333  0.411529  2.112513  3.457911  
  5.211111  0.411529  2.144521  3.716054  
  5.288889  0.411529  2.176529  3.980477  
  5.366667  0.411529  2.208536  4.251034  
  5.444444  0.411529  2.240544  4.527588  
  5.522222  0.411529  2.272552  4.810011  
  5.600000  0.411529  2.304560  5.098183  
  5.677778  0.411529  2.336567  5.391992  
  5.755556  0.411529  2.368575  5.691331  
  5.833333  0.411529  2.400583  5.996098  
  5.911111  0.411529  2.432591  6.306199  
  5.988889  0.411529  2.464598  6.621543  
  6.066667  0.411529  2.496606  6.941423  
  6.144444  0.411529  2.528614  7.537545  
  6.222222  0.411529  2.560622  8.306321  
  6.300000  0.411529  2.592630  9.171453  
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  6.377778  0.411529  2.624637  10.05729  
  6.455556  0.411529  2.656645  10.88790  
  6.533333  0.411529  2.688653  11.59681  
  6.611111  0.411529  2.720661  12.14175  
  6.688889  0.411529  2.752668  12.52299  
  6.766667  0.411529  2.784676  12.88004  
  6.844444  0.411529  2.816684  13.18797  
  6.922222  0.411529  2.848692  13.48204  
  7.000000  0.411529  2.880700  13.76399  
  7.077778  0.411529  2.912707  14.03519  
  END FTABLE  1
END FTABLES

EXT SOURCES
<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   # <Name> # tem strg<-factor->strg <Name>   #   #        <Name> # #  ***
WDM      2 PREC     ENGL    1              PERLND   1 999 EXTNL  PREC
WDM      2 PREC     ENGL    1              IMPLND   1 999 EXTNL  PREC
WDM      1 EVAP     ENGL    1              PERLND   1 999 EXTNL  PETINP
WDM      1 EVAP     ENGL    1              IMPLND   1 999 EXTNL  PETINP

END EXT SOURCES

EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name>   #        <Name> # #<-factor->strg <Name>   # <Name>    tem strg strg***
COPY     1 OUTPUT MEAN   1 1     48.4      WDM    701 FLOW     ENGL      REPL
COPY   501 OUTPUT MEAN   1 1     48.4      WDM    801 FLOW     ENGL      REPL
COPY   601 OUTPUT MEAN   1 1     48.4      WDM    901 FLOW     ENGL      REPL
RCHRES   1 HYDR   RO     1 1        1      WDM   1000 FLOW     ENGL      REPL
RCHRES   1 HYDR   STAGE  1 1        1      WDM   1001 STAG     ENGL      REPL
END EXT TARGETS

MASS-LINK
<Volume>   <-Grp> <-Member-><--Mult-->     <Target>       <-Grp> <-Member->***
<Name>            <Name> # #<-factor->     <Name>                <Name> # #***
  MASS-LINK        2
PERLND     PWATER SURO       0.083333      RCHRES         INFLOW IVOL
  END MASS-LINK    2

  MASS-LINK        3
PERLND     PWATER IFWO       0.083333      RCHRES         INFLOW IVOL
  END MASS-LINK    3

  MASS-LINK        5
IMPLND     IWATER SURO       0.083333      RCHRES         INFLOW IVOL
  END MASS-LINK    5

  MASS-LINK       12
PERLND     PWATER SURO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   12

  MASS-LINK       13
PERLND     PWATER IFWO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   13

  MASS-LINK       15
IMPLND     IWATER SURO       0.083333      COPY           INPUT  MEAN
  END MASS-LINK   15

  MASS-LINK       16
RCHRES     ROFLOW                          COPY           INPUT  MEAN
  END MASS-LINK   16

END MASS-LINK

END RUN
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Predeveloped HSPF Message File
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Mitigated HSPF Message File
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Disclaimer
Legal Notice
This program and accompanying documentation are provided 'as-is' without warranty of any kind.  The 
entire risk regarding the performance and results of this program is assumed by End User.   Clear 
Creek Solutions Inc. and the governmental licensee or sublicensees disclaim all warranties, either 
expressed or implied, including but not limited to implied warranties of program and accompanying 
documentation.  In no event shall Clear Creek Solutions Inc. be liable for any damages whatsoever 
(including without limitation to damages for loss of business profits, loss of business information, 
business interruption, and the like) arising out of the use of, or inability to use this program even 
if Clear Creek Solutions Inc. or their authorized representatives have been advised of the 
possibility of such damages.  Software Copyright © by : Clear Creek Solutions, Inc. 2005-2023; All 
Rights Reserved.

Clear Creek Solutions, Inc.
6200 Capitol Blvd.  Ste F
Olympia, WA.  98501
Toll Free 1(866)943-0304
Local (360)943-0304

www.clearcreeksolutions.com

www.clearcreeksolutions.com
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Appendix F: Water Quality Information 

 

 



 

August 2021 
 

GENERAL USE LEVEL DESIGNATION FOR BASIC (TSS) 

ENHANCED AND PHOSPHORUS TREATMENT 

 
For 

 

MWS-Linear Modular Wetland 

 
Ecology’s Decision 

 

Based on Modular Wetland Systems, Inc, application submissions, including the Technical 

Evaluation Report, dated April 1, 2014, Ecology hereby issues the following use level 

designation: 

 

1. General Use Level Designation (GULD) for the MWS-Linear Modular Wetland Stormwater 

Treatment System for Basic, Phosphorus, and Enhanced treatment 

 Sized at a hydraulic loading rate of: 

 1 gallon per minute (gpm) per square foot (sq ft) of Wetland Cell 

Surface Area 

 Prefilter box (approved at either 22 inches or 33 inches tall) 

 3.0 gpm/sq ft of prefilter box surface area for moderate 

pollutant loading rates (low to medium density residential 

basins). 

 2.1 gpm/sq ft of prefilter box surface area for high pollutant 

loading rates (commercial and industrial basins). 

2. Ecology approves the MWS – Linear Modular Wetland Stormwater Treatment 

System units for Basic, Phosphorus, and Enhanced treatment at the hydraulic 

loading rate listed above. Designers shall calculate the water quality design flow 

rates using the following procedures: 

 Western Washington:  For treatment installed upstream of detention or 

retention, the water quality design flow rate is the peak 15-minute water quality 

treatment design flow rate as calculated using the latest version of the Western 

Washington Hydrology Model or other Ecology- approved continuous runoff 

model. 

  



 Eastern Washington: For treatment installed upstream of detention or retention, 

the water quality design flow rate is the peak 15-minute water quality treatment 

design flow rate as calculated using one of the three methods described in 

Chapter 2.2.5 of the Stormwater Management Manual for Eastern Washington 

(SWMMEW) or local manual. 

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

treatment design flow rate is the full 2-year release rate of the detention 

facility. 

3. These use level designations have no expiration date but may be amended or 

revoked by Ecology, and are subject to the conditions specified below. 

 

Ecology’s Conditions of Use 

Applicants shall comply with the following conditions: 

1) Design, assemble, install, operate, and maintain the MWS – Linear Modular 

Wetland Stormwater Treatment System units, in accordance with Modular Wetland 

Systems, Inc. applicable manuals and documents and the Ecology Decision. 

2) Each site plan must undergo Modular Wetland Systems, Inc. review and approval 

before site installation. This ensures that site grading and slope are appropriate for 

use of a MWS – Linear Modular Wetland Stormwater Treatment System unit. 

3) MSW – Linear Modular Wetland Stormwater Treatment System media shall 

conform to the specifications submitted to and approved by Ecology. 

4) The applicant tested the MWS – Linear Modular Wetland Stormwater Treatment System 

with an external bypass weir. This weir limited the depth of water flowing through the 

media, and therefore the active treatment area, to below the root zone of the plants. This 

GULD applies to MWS – Linear Modular Wetland Stormwater Treatment Systems whether 

plants are included in the final product or not. 

5) 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 stormwater treatment technology. 

 Typically, Modular Wetland Systems, Inc. designs MWS – Linear Modular Wetland 

systems for a target prefilter media life of 6 to 12 months. 

 Indications of the need for maintenance include effluent flow decreasing to 

below the design flow rate or decrease in treatment below required levels. 

 Owners/operators must inspect MWS – Linear Modular Wetland systems 

for a minimum of twelve months from the start of post-construction 

operation to determine site-specific maintenance schedules and 

requirements. You must conduct inspections monthly during the wet 

season, and every other month during the dry season (According to the 

SWMMWW, the wet season in western Washington is October 1 to April 



30. According to the SWMMEW, the wet season in eastern Washington is 

October 1 to June 30). After the first year of operation, owners/operators 

must conduct inspections based on the findings during the first year of 

inspections. 

 Conduct inspections by qualified personnel, follow manufacturer’s 

guidelines, and use methods capable fo determining either a decrease in 

treated effluent flowrate and/or a decrease in pollutant removal ability. 

 When inspections are performed, the following findings typically serve as 

maintenance triggers: 

 Standing water remains in the vault between rain events, or 

 Bypass occurs during storms smaller than the design storm. 

 If excessive floatables (trash and debris) are present (but no standing 

water or excessive sedimentation), perform a minor maintenance 

consisting of gross solids removal, not prefilter media replacement. 

 Additional data collection will be used to create a correlation between 

pretreatment chamber sediment depth and pre-filter clogging (see 

Issues to be Addressed by the Company section below) 

6) Discharges from the MWS – Linear Modular Wetland Stormwater Treatment 

System units shall not cause or contribute to water quality standards violations in 

receiving waters. 

 

 

Applicant: Modular Wetland Systems, Inc. 

 

Applicant’s Address: 5796 Armada Drive, Suite 250 

 Carlsbad, CA 92008 

 

Application Documents: 

 

Original Application for Conditional Use Level Designation, Modular Wetland System, Linear 

Stormwater Filtration System Modular Wetland Systems, Inc., January 2011 

 

Quality Assurance Project Plan: Modular Wetland System – Linear Treatment System 

Performance Monitoring Project, draft, January 2011  

 

Revised Application for Conditional Use Level Designation, Modular Wetland System, Linear 

Stormwater Filtration System Modular Wetland Systems, Inc., May 2011 

 

Memorandum: Modular Wetland System-Linear GULD Application Supplementary Data, April 

2014 

 



Technical Evaluation Report: Modular Wetland System Stormwater Treatment System 

Performance Monitoring, April 2014 

 

Applicant’s Use Level Request: 

 

 General Use Level Designation as a Basic, Enhanced, and Phosphorus treatment 

device in accordance with Ecology’s Guidance for Evaluating Emerging Stormwater 

Treatment Technologies Technology Assessment Protocol – Ecology (TAPE) January 

2011 Revision.  

 

Applicant’s Performance Claims: 

 

 The MWS – Linear Modular wetland is capable of removing a minimum of 80-percent 

of TSS from stormwater with influent concentrations between 100 and 200 mg/L. 

 The MWS – Linear Modular wetland is capable of removing a minimum of 50-percent 

of total phosphorus from stormwater with influent concentrations between 0.1 and 0.5 

mg/L. 

 The MWS – Linear Modular wetland is capable of removing a minimum 30-percent of 

dissolved copper from stormwater with influent concentrations between 0.005 and 

0.020 mg/L. 

 The MWS – Linear Modular wetland is capable of removing a minimum 60-percent of 

dissolved zinc from stormwater with influent concentrations between 0.02 and 0.30 

mg/L.  

 

Ecology’s Recommendations: 

 

 Modular Wetland System, Inc. has shown Ecology, through laboratory and field-

testing, that the MWS – Linear Modular Wetland Stormwater Treatment System 

filter system is capable of attaining Ecology’s Basic, Phosphorus, and Enhanced 

treatment goals. 

 

Findings of Fact: 

 

Laboratory Testing 

The MWS-Linear Modular wetland has the: 

 Capability to remove 99 percent of total suspended solids (using Sil-Co-Sil 106) in a 

quarter-scale model with influent concentrations of 270 mg/L. 

 Capability to remove 91 percent of total suspended solids (using Sil-Co-Sil 106) in 

laboratory conditions with influent concentrations of 84.6 mg/L at a flow rate of 3.0 gpm 

per square foot of media. 

 Capability to remove 93 percent of dissolved Copper in a quarter-scale model with 

influent concentrations of 0.757 mg/L. 

 Capability to remove 79 percent of dissolved Copper in laboratory conditions with 

influent concentrations of 0.567 mg/L at a flow rate of 3.0 gpm per square foot of media. 



 Capability to remove 80.5-percent of dissolved Zinc in a quarter-scale model with 

influent concentrations of 0.95 mg/L at a flow rate of 3.0 gpm per square foot of media. 

 Capability to remove 78-percent of dissolved Zinc in laboratory conditions with influent 

concentrations of 0.75 mg/L at a flow rate of 3.0 gpm per square foot of media. 

 

Field Testing 

 Modular Wetland Systems, Inc. conducted monitoring of an MWS-Linear (Model 

# MWS-L-4-13) from April 2012 through May 2013, at a transportation maintenance 

facility in Portland, Oregon. The manufacturer collected flow-weighted composite 

samples of the system’s influent and effluent during 28 separate storm events. The system 

treated approximately 75 percent of the runoff from 53.5 inches of rainfall during the 

monitoring period. The applicant sized the system at 1 gpm/sq ft. (wetland media) and 

3gpm/sq ft. (prefilter). 

 Influent TSS concentrations for qualifying sampled storm events ranged from 20 to 339 

mg/L. Average TSS removal for influent concentrations greater than 100 mg/L (n=7) 

averaged 85 percent. For influent concentrations in the range of 20-100 mg/L (n=18), the 

upper 95 percent confidence interval about the mean effluent concentration was 

12.8 mg/L. 

 Total phosphorus removal for 17 events with influent TP concentrations in the range of 

0.1 to 0.5 mg/L averaged 65 percent. A bootstrap estimate of the lower 95 percent 

confidence limit (LCL95) of the mean total phosphorus reduction was 58 percent. 

 The lower 95 percent confidence limit of the mean percent removal was 60.5 percent for 

dissolved zinc for influent concentrations in the range of 0.02 to 0.3 mg/L (n=11). 

The lower 95 percent confidence limit of the mean percent removal was 32.5 percent for 

dissolved copper for influent concentrations in the range of 0.005 to 0.02 mg/L (n=14) at 

flow rates up to 28 gpm (design flow rate 41 gpm). Laboratory test data augmented the 

data set, showing dissolved copper removal at the design flow rate of 41 gpm (93 percent 

reduction in influent dissolved copper of 0.757 mg/L). 
 

Issues to be addressed by the Company: 

 

1. Modular Wetland Systems, Inc. should collect maintenance and inspection data for the 

first year on all installations in the Northwest in order to assess standard maintenance 

requirements for various land uses in the region. Modular Wetland Systems, Inc. should 

use these data to establish required maintenance cycles. 

2. Modular Wetland Systems, Inc. should collect pre-treatment chamber sediment depth data 

for the first year of operation for all installations in the Northwest. Modular Wetland 

Systems, Inc. will use these data to create a correlation between sediment depth and pre-filter 

clogging. 

 

  



Technology Description: 

Download at http://www.modularwetlands.com/ 

 

Contact Information: 

 

Applicant: Zach Kent 

 BioClean A Forterra Company 

 5796 Armada Drive, Suite 250 

 Carlsbad, CA 92008 

 zach.kent@forterrabp.com 

 

Applicant website: http://www.modularwetlands.com/ 
 

Ecology web link: http://www.ecy.wa.gov/programs/wg/stormwater/newtech/index.html   

Ecology: Douglas C. Howie, 

P.E. Department of 

Ecology Water 

Quality Program 

(360) 870-0983 

douglas.howie@ecy.wa.gov 
 

Revision History 

Date Revision 

June 2011 Original use-level-designation document 

September 2012 Revised dates for TER and expiration 

January 2013 Modified Design Storm Description, added Revision Table, added 
maintenance discussion, modified format in accordance with Ecology 
standard 

December 2013 Updated name of Applicant 

April 2014 Approved GULD designation for Basic, Phosphorus, and Enhanced 
treatment 

December 2015 Updated GULD to document the acceptance of MWS – Linear Modular 
Wetland installations with or without the inclusion of plants  

July 2017 Revised Manufacturer Contact Information (name, address, and email) 

December 2019 Revised Manufacturer Contact Address 

July 2021 Added additional prefilter sized at 33 inches 

August 2021 Changed “Prefilter” to “Prefilter box” 

 


