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DRAFT PRE-DESIGN RECORD 
DRAINAGE ANALYSIS & DESIGN CRITERIA SUMMARY 

 
 

Project Name: Poplar Way Extension  – Phase 2 
 
 

Perteet Job No: 
 

Date: 
 

20100156 
 
September 23, 2013 

Project Manager: 
 
Surface Water 
Engineer:  
 

Carl Einfeld, P.E. 
 
Brian Caferro, P.E. 
 
 

  

Client: City of Lynnwood Public Works   
City or County: Snohomish County   

 
Project Description: 
Major elements of the Poplar Way Extension Bridge project will include a new multi-lane bridge structure with 6 lanes, pedestrian and bicycle facilities; 
intersection modifications and grade adjustments to accommodate tie-in to existing streets on either side of the freeway; and widening and restriping of portions of 
Poplar Way, 196th Street SW, Alderwood Mall Boulevard, 33rd Avenue W and Alderwood Mall Parkway. 

  
  

A.  Summary of Recommendations 
Provided below is a summary of the major drainage design standards which will be followed on the Poplar Way Extension Bridge Project. 

• Since a large portion of the project is within WSDOT right-of-way the project will follow the 2011 WSDOT Highway Runoff Manual (HRM) for runoff 
flow control and water quality treatment and the 2010 WSDOT Hydraulics Manual (HM) for conveyance and hydraulic report format.  The HRM and the 
Washington State Department of Ecology’s 2005 “Stormwater Management Manual for Western Washington” are deemed equivalent by Ecology.  

• Conveyance systems are to be designed for ‘undetained flows’, in the event that a detention facility fails to function properly. 
• Detention and Water Quality Hydrologic Analysis:  WWHM™ version 4 will be used for flow control analysis (Existing pond retrofit with Thirsty Duck 

flow regulators) and to size Filterra units. 
• Conveyance Model:  StormShed3G™ model, using the SBUH method and a 25 year storm event, will be used to size the conveyance systems.   
• ‘Enhanced Treatment’:  This criterion is a function of ADTs, derived to the design year of the project, year 2040.  This defines whether or not the water 

quality treatment facilities are to be designed to ‘basic’ or ‘enhanced’ treatment levels. (Note:  the project will require enhanced treatment since the 
current and future ADT levels are greater than 7,500) 

• Oil Control Treatment at Intersections:  This criterion is a function of ADT’s at the intersections.  The 2040 forecast ADT's for the two intersections 
associated with this project are as follows: 
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Poplar Way/Alderwood Mall Blvd 
West leg = 27,800 South leg = 31,500 
East leg = 13,400 North leg = 23,800 

Poplar Way/196th Street SW 
West leg = 42,500 South leg = 40,400 
East leg = 32,300 North leg = 31,500 

The ADT numbers above exceed the thresholds for oil treatment, therefore both intersections will need to incorporate measures for oil treatment. 

• If Infiltration is feasible:  Use minimum clearances between the bottom of the infiltration facility and the high groundwater table, listed in the HRM, or a
mounding analysis can be done by the geotechnical engineer to demonstrate the infiltration facility will function if minimum clearances cannot be
achieved.

• Stormwater BMP’s: The list of options in the HRM and HRM Category 1 BMPs are acceptable, with the following exceptions:  Sand filters are strongly
discouraged given their high maintenance needs.  Stormwater BMPs approved by Ecology through the TAPE protocol testing and review process, such as
Filterra™ and StormFilters, are also acceptable stormwater BMPs.

Standards 

Minimum Requirement for Runoff Control and Water quality Treatment, Threshold Analysis and BMP Design Criteria- 
The 2011 WSDOT Highway Runoff Manual (HRM).   

Conveyance and Hydraulic Report Format- 
The 2010 WSDOT Hydraulics Manual (HM) 
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B.  Documentation Summary of Drainage Design Standards 

Design Element Standard Requirement Source 
Threshold Analysis/ 

Minimum 
Requirements: 

This project shall follow the threshold analysis and minimum requirement determination 
procedures as outlined in Section 3-2 and 3-3 of the HRM. 

The threshold determination will be based on requirements set forth in Chapter 3 of the HRM. 
The following will be applied: 

Flow Control area = minimum requirement from HRM + 3% (design contingency) 

Water Quality Treatment area= minimum requirement from HRM and + 3% (design 
contingency) 

Since the project is in an early stage of design, a 3% design contingency will be added to the area 
calculation to account for minor changes that may occur during the on-going road design process. 

HRM pgs. 3-1 to 3-30 

Hydrologic/Hydraulic 
Model: 

Flow Control: 

Water Quality: 

Conveyance: 

 

MGSFlood for continuous simulation modeling (Version 4) or WWHM4 will be used. 

MGS Flood (Version 4) or WWHM4 (for Filterra sizing) 

Storm Drains: 
StormShed3G for pipe sizing and backwater analysis 
- SBUH Method to be used (minimum Time of Concentration = 5 minutes) 
(Manning’s roughness coefficient per HM Appendix 4-41) 

Culverts: 
For hydrologic analysis use published flow records, flood reports, USGS Regression or Rational 
Method.  WSDOT has also allowed the use of MGSFlood in the past.  For hydraulic analysis and 
culvert sizing use HY-8 or HEC-RAS.  WSDOT has also allowed the use of CulvertMaster in the 
past. 

Ditches, channels, roadway gutters, etc. (open channel flow): 
StormShed3G model using SBUH method.  A simple software program such as Flowmaster has 

HRM pg. 3-25 

HRM pg. 3-17 

HM pgs. 1-9, 6-11, 6-12 

HM pg. 1-9 

HM pg. 1-9 
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Design Element Standard Requirement Source 

 
Gutter Flow: 

Infiltration: 

also been allowed by WSDOT in the past. (Manning’s roughness coefficient per HM Appendix 4-
41) 
Modified WSDOT Spreadsheet 

Runoff coefficients to be used for the Rational Method shall be taken from Figure 2-5.2 of the 
2010 WSDOT Hydraulics Manual (HM).  These coefficients are for the 10-year return 
frequency.   

MGS Flood (Version 4) – 1 hour time steps 

HM pg. 1-9 

HRM pg. 4-53 
Design Storm Events: 

Flow Control: 

Water Quality: 

Conveyance: 

Provide storage volume required to match the duration of pre-developed peak flows from 50% of 
the 2-yr storm up to the 50-yr storm flow, using a flow restrictor (such as an orifice or weir) and 
1 hour time steps.  Check the 100-yr peak flow for property damage.  The pre-developed 
condition to be matched shall be a forested land cover unless the project meets the exceptions as 
listed under HRM. 

Volume based (on-line) (1 hour time steps): 
Size the wetpool to store the 91st percentile, 24-hour runoff volume.  Other volume based 
infiltration and filtration facilities – Size the facility to treat 91% of the estimated runoff file for 
the post-developed condition. 

Flow-based upstream of flow control facility (15 minute time steps): 
Size treatment facility so the 91% of the annual average runoff will receive treatment at or below 
the design loading criteria, under post developed conditions for each TDA.  If the flow rate is 
split upstream of the treatment facility, use the off-line flow rates. (15-minute time steps) 

Flow-based downstream of flow control facility (1 hour time steps): 
Size treatment facility using the full 2-year release rate from the detention facility, under post 
developed conditions for each TDA. 

Storm drain pipes & ditches:   
25-year recurrence interval for storm drain laterals and trunks and the 10-year recurrence interval 
for laterals without trunks.   

Culverts: 
• Circular Pipe, Box Culverts and Pipe Arches:  25-year flow event WSEL should not

exceed the allowable headwater.  Additionally, the WSEL for the 25-year event should 

HRM pg. 3-25 
(Table 3-6) 

HRM pg. 3-17 
(Table 3-3) 

HRM pg. 3-17 
(Table 3-3) 

HRM pg. 3-17 
(Table 3-3) 

HM pg. 6-9 

HM pg. 3-8 
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Design Element Standard Requirement Source 

Gutter Flow: 

Infiltration: 

not exceed the elevation of the base course of the roadway.  It is recommended that the 
culverts be sized such that there is no roadway overtopping during the 100-year flow 
event. 

• Concrete or Metal Bottomless Culverts:  1 foot of debris clearance should be provided
between the water surface and the top of the arch during the 25-year flow event.  
Additionally the WSEL for the 25-year event should not exceed the elevation of the base 
course of the roadway.  The depth of flow during the 100-year flow event should not 
exceed the height of the arch. 

• Temporary Culverts:  2-year storm event unless a different storm event can be justified
per the guidelines outlined on pg. 3-12 of the HM. 

Ditches, channels, roadway gutters, etc. (open channel flow): 
10-year recurrence interval 

10-year recurrence interval for continuous grade analysis 
50-year recurrence interval for sag analysis  

Water Quality Treatment (1 hour time steps): 
Size the facility to treat 91% of the estimated runoff file for the post-developed condition. 

Flow Control (1hour time steps): 
Size facility to infiltrate sufficient volumes so that the overflow matches the duration standard, 
and check the 100-year peak flow to estimate the potential for downstream property damage, or 
infiltrate the entire runoff file. 

HM pg. 3-9 

HM pg. 3-12 

HM pg. 4-11 

HM pg. 5-5 

HRM pg. 3-17 
(Table 3-3) 

HRM pg. 3-25 
(Table 3-6) 

Precipitation Data 
Source: 

Rational Method: Rainfall intensity values from Figure 2-5.4A (Everett): 
10 yr:     m = 6.31, n = 0.575 
25 yr:     m = 7.83, n = 0.582 
100 yr    m = 10.07, n = 0.586 

SBUH Method (Type 1A storm):  
Precipitation isopoluvial maps:  Appendix 4A 
2 yr: 1.50”     10 yr: 2.20”     25 yr: 3.00”     100 yr: 3.50” 

Continuous Simulation: 

HM pg. 2-14 

HM pg. 2-18 

HRM pg. 4-14 
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Design Element Standard Requirement Source 
Extended Time Series Region Map: Puget East 40 in MAP 

Pre-Developed 
Conditions: (Forested, 

etc.) 

Forested conditions.  (per HRM Glossary of Terms: pre-developed conditions defined, aka 
“historic land cover”) 

HRM pg. 3-25 

Conveyance Design 
Criteria: 

Storm Drains: 
Pipe runs between junctions should not exceed 300 feet for pipes smaller than 48-inches in 
diameter and 500 feet for pipes 48-inches or larger in diameter. 

Minimum design velocity is 3 feet per second under full flow conditions.  Maximum design 
velocity is 10 feet per second under full flow conditions. 

Branch or trunk line pipe crowns of differing diameter should be at the same elevation when 
entering and exiting junctions. 

Minimum pipe diameter is 12 inches. 

Storm drains should be designed to include all Schedule A pipe options, unless specific site 
constraints limit options. 

Pipe diameters shall not decrease in downstream runs. 

Pipes systems shall be designed such that the HGL does not exceed any rim elevations within the 
system. 

Ditches/Open Channels: 
Ditches shall have 0.5 feet of freeboard and a max 2:1 side slope. 

Vegetated ditch lining is acceptable for ditch grades up to 6% and with a maximum velocity of 5 
feet per second.  For higher velocities and channel slopes, more protective channel linings are 
required. 

Culverts: 
The minimum diameter of culvert pipes under a main roadway shall be 18 inches and the 
minimum diameter of culvert pipes under a roadway approach shall be 12 inches. 

HM pg. 6-3 

HM pg. 6-3 

HM pg. 6-4 

HM pg. 6-4 

HM pg. 6-4 

HM pg. 6-4 

HM pg. 6-14 

HM pg. 4-11 

HM pg. 4-11 

HM pg. 3-6 
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Design Element Standard Requirement Source 
Circular Pipe, Box Culverts and Pipe Arches: 25-year flow event WSEL should not exceed the 
allowable headwater. Additionally, the WSEL for the 25-year event should not exceed the 
elevation of the base course of the roadway. It is recommended that the culverts be sized such 
that there is no roadway overtopping during the 100-year flow event. 

Culvert spans over 20 feet are considered bridges and any hydraulic design for bridges is the 
responsibility of HQ Hydraulics. 

Concrete or Metal Bottomless Culverts:  1 foot of debris clearance should be provided between 
the water surface and the top of the arch during the 25-year flow event.  Additionally the WSEL 
for the 25-year event should not exceed the elevation of the base course of the roadway.  The 
depth of flow during the 100-year flow event should not exceed the height of the arch. 

Allowable Headwater for circular culverts, box culverts and pipe arches shall be as follows: 
• HW/D < 1.25 for the 25-year event
• Headwater shall not overtop the roadway during 100-year event

Allowable Headwater for bottomless culverts shall be as follows: 
• 1 foot of debris clearance shall be provided between the 25-year flow event water surface

elevation and the culvert crown. 
• Headwater depth shall not exceed the culvert crown during the 100-year flow event.

HM pg. 3-8 

HM pg. 3-8 

HM pg. 3-9 

HM pg. 3-14 

HM pg. 3-15 

Flow Control/Water 
Quality Facility 
Design Criteria: 

Detention Pond: 
1 foot minimum freeboard between design surface water elevation and top of pond. 

Primary overflow (typically the control structure riser pipe) shall be designed to bypass the 100 
year post developed peak flow in the event the control structure becomes plugged. 

Minimum orifice diameter is 0.50 inches. 

Minimum vertical rectangular orifice length is 0.25 inches. 

Consider the use of a flow screen on orifices less than 1 inch in diameter. 

Ponds must provide an emergency overflow capable of conveying the 100 year peak flow. 

HRM pg. 5-179 

HRM pg. 5-181 

HRM pg. 5-181 

HRM pg. 5-182 

HRM pg. 5-181 

HRM pg. 5-185 
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Design Element Standard Requirement Source 
For impoundments of 10 acre-feet or greater, the emergency overflow spillway must meet the 
state’s dam safety requirements. 
Pond bottoms must be a minimum of 0.5 feet below the outlet invert elevation to provide 
sediment storage. 
 
Interior side slopes should not be steeper than 3H:1V unless  fence is provided. 
 
Exterior side slopes must not be steeper than 2H:1V unless analyzed or stability by a 
geotechnical engineer. 
 
Pond walls may be vertical subject to the requirements outlined in HRM pgs. 5-186 to 5-187. 
 
There shall be a minimum 6 foot top width for pond berms up to 6 feet high. 
 
Pond berms greater than 4 feet high must be constructed by excavating a key trench equal to 50% 
of the berm embankment cross-sectional height and width unless specified otherwise by a 
geotechnical engineer. 
 
Ponds must be a minimum of 5 feet from any property line or vegetative buffer and 100 feet from 
any septic tank or drain field. 
 
If grade allows a gravity drain shall be installed. 
 
Constructed Wetland: 
Consists of two cells: pre-settling cell and wetland cell. 
 
Pre-settling cell must contain approximately 33% of the wet pool volume and be between 4 feet 
and 8 feet deep, excluding 1 foot of sediment storage. 

 
Wetland cell must not exceed a water depth of about 1.5 feet (plus or minus 3 inches). 
 
Setbacks same as detention ponds. 
 
For combined detention pond and constructed wetlands, the detention (live) storage shall be 
limited to the pre-settling cell. 
 
Detention Vault/Tank: 

HRM pg. 5-185 
 
HRM pg. 5-186 
 
 
HRM pg. 5-186 
 
HRM pg. 5-186 
 
 
HRM pg. 5-186 
 
HRM pg. 5-187 
 
HRM pg. 5-187 
 
 
 
HRM pg. 5-189 
 
 
HRM pg. 5-27 
 
 
HRM pg. 5-101 
 
HRM pg. 5-101 
 
 
HRM pg. 5-102 
 
HRM pg. 5-189 
 
HRM pg. 5-114 
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Design Element Standard Requirement Source 
See 2005 Ecology Manual for detention vault and tank guidelines. 
StormTank (Plastic Detention Chamber): 
Design criteria per manufacturer’s recommendations. 

Infiltration facilities: 
Infiltration facilities shall meet the site suitability criteria outlined in the HRM on pgs. 4-
34 to 4-37 

HRM pgs. 4-34 to 4-37 



Appendix C 
Alternative Comparison 



Alternative #1 
Concrete Detention Vault / Filterra Units 

Planning Level Cost 
$811,700 

Advantages Disadvantages 

• Concrete vaults are long lasting.
• Facility concentrated within a smaller

footprint than an open pond.
• Facility located within project area limits.
• Less storm drain pipe than Altenative #2

• Concrete vaults are very expensive.
• Construction is very labor intensive.
• When maintenance is required the

procedure is more costly due to confined
space rules, visibility and ventilation issues.

• Vault located within PUD property.
Easement or other agreement needed
between PUD and City of Lynnwood.

• Cover above vault lid varies from 1 foot to
15 feet.  This adds to cost of vault.

• Vault would need to be two celled.  Hardest
to maintain.



Alternative #2 
Concrete Detention Vault / Filterra Units  

Planning Level Cost 
$839,600 

Advantages Disadvantages 
 

• Concrete vaults are long lasting. 
• Facility concentrated within a smaller 

footprint than an open pond. 
• Facility located within project area limits. 
• Proposed location provides easier access 

and a shallower system than Alternative #1. 
• One cell.  Easier to maintain than vault in 

Alternative #1. 

 
• Concrete vaults are very expensive. 
• Construction is very labor intensive. 
• When maintenance is required the 

procedure is more costly due to confined 
space rules, visibility and ventilation issues. 

• Vault located within PUD property.  
Easement or other agreement needed 
between PUD and City of Lynnwood. 

• Proposed location of vault is outside of 
current project limits and would therefore 
require additional survey. 

• More conveyance is required for this 
alternative. 

• Additional Survey is needed. 
 

 

 

 

 

 



Alternative #3 
Existing Pond Retrofit / Filterra Units 

Planning Level Cost 
$319,900 

Advantages Disadvantages 

• No new facility needed.
• Utilizes an existing regional facility
• No maintenance required besides the

maintenance which the existing pond
currently receives.

• Cheapest Alternative.

• Would be the first installation of this product
within the City of Lynnwood.  City is fairly
unfamiliar with the product.



Alternative Comparison 
Item Alternative #1 Cost Alternative #2 Cost Alternative #3 Cost 

Detention Vault $380,000 $350,000 N/A 
Filterra Units $121,000 $121,000 $121,000 
Conveyance $117,410 $143,417 $74,100 

Shoring/Excavation $57,930 $81,690 $21,400 
Additional Survey N/A $3,500 N/A 

Thirsty Duck 
Retrofit N/A N/A $50,100 

Contingencies $135,270 $139,920 $53,300 
Total $811,700 $839,600 $319,900 



Appendix D 
Project Summaries 









































Appendix E 
Filterra GULD 

















 

 

 
 
 
 
 
 
 

Appendix F 
Inspection and Maintenance Documentation 

 
  



 

 

 

 
 
 
 
 
 
 

Appendix G 
Alderwood Mall Expansion Drainage Report Excerpts 

  











































































































































 

 

 

 
 
 
 
 
 
 

Appendix H 
Filterra Catchment Area Maps 








