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1.0 PROJECT OVERVIEW 
 
The proposed project is located in the City of Mukilteo and Snohomish County, Washington, within Sections 27 
and 28, Township 28 N Range 4 E of the Willamette Meridian. It lies within the Puget Sound Watershed, and the 
Picnic Point Creek drainage basin. Based on the threshold analysis, it has been determined that two (2) Threshold 
Discharge Areas (TDAs) out of four (4) total TDAs, will be required to satisfy both water quality treatment and 
flow control requirements (TDA 3 and TDA 4). The remaining TDAs are under the thresholds and therefore are 
exempt from any water quality treatment and flow control requirements. Refer to Appendix A of this report for 
figures that delineate the TDA boundaries.   
 
There is a considerable amount of upstream off-site area that contributes runoff through the Harbour Reach 
Drive right-of-way. This runoff enters the site primarily in the form of point discharges through storm pipes and 
stream crossings, but also through gutter flow from upstream roadways. All off-site areas that are tributary to the 
Harbour Reach Drive site have been delineated and can be found in Figure A.17 in Appendix A of this report. All 
off-site flows which enter the Harbour Reach Drive right-of-way will be routed around the on-site stormwater 
BMPs either within new storm drain systems or existing storm drain systems. All existing downstream conditions 
will be maintained post-project.   
 
The project limits are confined to Harbour Reach Drive between Beverly Park Road and a point roughly 250’ 
north of Pointes Drive. Between Beverly Park Road and South Road, for a stretch of approximately 1,430 feet, no 
roadway exists. Pre-construction conditions in this section are undeveloped and forested. Between South Road 
and Blue Heron Boulevard, a stretch of 1,710 feet, Harbour Reach Drive is comprised of a single driving lane in 
each direction, a center turn lane, and sidewalks. The road is crowned, and stormwater sheet flows to both sides 
of the road where it is collected in catch basins and curb inlets and conveyed via storm pipe to various outfalls 
near seasonal streams. This section of road terminates roughly 100 feet north of Blue Heron Boulevard, at which 
point conditions are again undeveloped and forested until Harbour Pointe Boulevard SW, located roughly 565 
feet north of Blue Heron Boulevard. After Harbour Pointe Boulevard SW, Harbour Reach Drive extends north with 
a single lane in each direction separated alternately by a turn lane and median, for a stretch of approximately 
440 feet, at which point the project limits end north of Pointes Drive.  
 
Topographic relief across the project site is approximately 118 feet. The southern end of the project is highest in 
elevation, with a maximum elevation of 587 feet. It slopes steeply down to elevation 469 feet at the seasonal 
stream outfall near the junction of Harbour Reach Drive and South Road, before climbing back up to a plateau at 
an elevation of roughly 502 feet.  Just after Blue Heron Boulevard, the existing conditions slope steeply down into 
another valley at an elevation of 473 feet, and climbs steeply back out of that valley to an elevation of 520 feet 
near the northern extents of the project.  
 
The proposed roadway improvements include constructing new roadway and widening existing roadway 
between Beverly Park Road and Harbour Pointe Boulevard N. The new roadway shall be two 11’ travel lanes, 5’ 
bike lanes with a 2’ buffer, curb, gutter, 4’ planter strips, and sidewalk of varying width on both sides. Retaining 
walls will be necessary throughout the project. Intersection improvements include turn lanes, ADA ramps, and a 
roundabout. Drainage and utility improvements will include new stream crossings, new storm drain conveyance 
systems, two stormwater detention vaults, and modular wetlands for water quality treatment. Proposed 
improvements also include the addition of street lighting and utility relocations.  
 
Between Beverly Park Road and Pointes Drive, the project site encompasses a total of approximately 9.52 acres.   
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The following permits will be required for this project: 

• Section 404 Permit – US Army Corps of Engineers 

• Section 401 Water Quality Certification – Washington Department of Ecology 

• Section 402 NPDES Construction Stormwater General Permit – Washington Department of Ecology 

• Hydraulic Project Approval – Washington Department of Fish and Wildlife 

• SEPA and Critical Areas Review – City of Mukilteo 

• Public Agency Utility Exception – City of Mukilteo 
 
Refer to Figures A.1 –A.16 in Appendix A for existing conditions and existing impervious areas. 
 

  



DECEMBER 2018  |  FINAL DRAINAGE REPORT 
 
 

 

3 
File location:  \\evt-files.perteet.com\Clients\Mukilteo, City of\Projects\20150051 - Harbour Reach Extension\Design\Drainage\8 - Drainage 
Report\Post Final Report\Harbour Reach Final Drainage Report.docx 

 
Figure 1. Vicinity Map (Not to Scale). 
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2.0 DISCUSSION OF MINIMUM REQUIREMENTS 
 

2.1 Minimum Requirements Summary 
 
The project’s drainage design will follow the Mukilteo Municipal Code (MMC), City of Mukilteo Development 
Standards (MDS) and the 2012 Stormwater Management Manual for Western Washington as amended in 
December of 2014 (SWMMWW). The intent of this section is to demonstrate how each of the minimum 
requirements, as outlined in Volume 1, Section 2.4 of the SWMMWW, are being addressed for this project. The 
project currently has more than 35% existing impervious coverage, results in more than 2,000 SF of new plus 
replaced hard surface, and adds more than 5,000 SF of new hard surfaces, meaning that all minimum 
requirements apply to the new hard surfaces and the converted vegetation areas. There are no other known 
requirements for this project, such as conditional use permits, basin plans, developer agreements, etc. No 
deviations are being applied for as part of this project. Refer to the Table below for the Project level Minimum 
Requirements Applicability Procedure.  Flowcharts are provided in Appendix I for reference. 
 

Table 3.5. Minimum Requirements (MR) Applicability Procedure – Project Level. 

Questions Response Action Required 

Step 1: Does the site have 35% or more of existing 
impervious coverage 

Yes 
 

Minimum Requirements for 
redevelopment apply 

Step 2:  
Does the project result in or add 2,000 square feet 
or more of new, replaced or new plus replaced 
hard surface, or include 7,000 square feet or more 
of land disturbing activity? 

Yes, the project adds 
133,375 square feet of 
new hard surface. 

Minimum Requirements #1 
through #5 apply to the new 
and replaced hard surfaces 
and the land disturbed. 

Step 3: 
Does the project result in or add 5,000 square feet 
or more of new hard surfaces, or convert ¾ acres 
or more of native vegetation to lawn or 
landscaped areas, or convert 2.5 acres or more of 
native vegetation to pasture? 

 
Yes. 

All Minimum Requirements 
apply to the new hard surfaces 
and the converted vegetation 
areas.  

Step 4: 
Is this a road related project? 

 
Yes. 

No action required.  Continue 
to Step 5. 

Step 5: 
Does the project add 5000 SF or more of new 
hard surfaces? 

 
Yes.  

No action required.  Continue 
to Step 6.    

Step 6: 
Do the new hard surfaces add 50% or more to the 
existing hard surfaces within the project limits? 

 
No.  The area of Existing 
Hard surfaces within 
project limits is 269,517 
SF.  The new hard 
surfaces have an area of 
133,375 SF, or 49% of 
the existing hard 
surfaces. 
 

No additional requirements. 
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The minimum requirements are listed below, and a brief description follows each requirement. 
 

2.2 Minimum Requirement #1: Preparation of Stormwater Site Plans  
 
This full drainage report and accompanying construction drawings provide a comprehensive Stormwater Site 
Plan for the proposed improvements.   
 
A Construction Stormwater Pollution Prevention Plan that meets the standards set forth in the Ecology Manual 
will be prepared by the contractor who successfully wins the construction contract for this project. The Temporary 
Erosion and Sediment Control (TESC) plans can be used as a starting point for controlling runoff that occurs 
during construction. However, since conditions can change often during construction, the contractor must be 
prepared to adjust erosion and sediment control measures in order to prevent erosion sedimentation, and 
flooding situations.  
 
Permanent Stormwater Control Planning involves the preservation of the new storm drainage system after 
construction is complete. This drainage report, which includes a maintenance plan section, can be utilized to 
maintain and preserve the effective operation of the proposed drainage system well beyond the completion of the 
project.   
 

2.3 Minimum Requirement #2: Construction Stormwater Pollution Prevention 
(SWPP) 

 
The Stormwater Pollution Prevention Plan (SWPPP) will not be prepared as part of this design package. The 
contractor will be responsible for preparing a SWPPP for approval by the City and ensuring that all construction 
activity is in compliance with the SWPPP document and standards set forth therein.   
 

2.4 Minimum Requirement #3: Source Control of Pollution 
 
Source control is not anticipated to be needed after the project has been completed. However, during the 
construction phase of the project, source control BMPs shall be on-site at all times in the event of a spill or other 
hazardous situations. Control of source pollutants should be discussed in the SWPPP. 
 
 

2.5 Minimum Requirement #4: Preservation of Natural Drainage Systems and 
Outfalls 

 
The proposed drainage system was designed to match, as close as practical, the existing drainage system within 
the project limits. After construction, runoff from the project site will continue to discharge off-site at the same 
locations where it currently discharges. 
 

2.6 Minimum Requirement #5: On-Site Stormwater Management 
 
The project is located within a narrow corridor with no opportunity to disperse or infiltrate runoff because of soil 
conditions and the project site’s proximity to adjacent developments, retaining walls, steep slopes, streams, 
wetlands, and buffer zones.  
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Implementation of Low Impact Development (LID) design concepts on a roadway corridor project such as this is 
bound to inherent design constraints. The linear nature of the project lends itself to solutions that will fit within 
that context. Right-of-way considerations are also a key factor in selection of LID strategies. Many of the common 
LID design solutions are better suited to site development applications, such as minimizing site disturbance or 
retaining native vegetation. Harbour Reach Drive is bounded by developed land, steep slopes, and wetlands, 
there exists little opportunity to set aside areas for preserving native vegetation. However, the project site is still 
subject to Minimum Requirement #5, which requires the use of on-site stormwater BMPs (LID BMPs) to the 
greatest extent feasible. This project has elected to utilize List #2 in lieu of the LID performance standard. The 
following analysis describes which LID BMPs are feasible and which are infeasible.   
 

List #2 
 
Lawn and Landscaped Areas: 

• Post-Construction Soil Quality and Depth: Considered to be feasible and will therefore be used in all 
landscaped areas. 

 
Roofs: Not applicable since this is a roadway project.   
 
Other Hard Surfaces: 

• Full Dispersion: Not feasible because the project’s proximity to steep slopes, retaining walls, and confined 
ROW, which limit space for the full dispersion of site runoff. 

• Permeable Pavement: Not feasible for the roadway surface since this is a highly traveled arterial, and it is 
in close proximity to retaining walls and steep slopes. Pervious asphalt is not recommended industry wide 
for this type of application. Pervious concrete sidewalks will not be used either, as much of the site is 
adjacent to retaining walls and steep slopes.  

• Bioretention: Not feasible because of the proximity to steep slopes and retaining walls.  

• Sheet Flow Dispersion: Not feasible because the project’s proximity to steep slopes, retaining walls, and 
confined ROW, which limit space for the dispersion of site runoff. 

• Concentrated Flow Dispersion: Not feasible because the project’s proximity to steep slopes, retaining 
walls, and confined ROW, which limit space for the dispersion of site runoff. 
 

 

2.7 Minimum Requirement #6: Runoff Treatment 
 
Runoff treatment will be performed by Modular Wetland Systems. Modular Wetland units will be used to treat 
runoff from equivalent areas in TDAs 3 and 4. Each of these units will be located downstream of the detention 
vaults discussed below. All other TDAs are under the thresholds for water quality treatment and are therefore not 
required to provide water quality treatment BMPs. Refer to Section 5.5 of this report for more details about these 
facilities. 
 

2.8 Minimum Requirement #7: Flow Control 
 
Flow control for this project is provided by two detention vaults, one in TDA 3 and one in TDA 4. All other TDAs 
are under the thresholds for flow control and are therefore not required to provide flow control BMPs. Refer to 
Section 5.4 of this report for more details about these facilities. 
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2.9 Minimum Requirement #8: Wetlands Protection 
 
Proposed project improvements will have no adverse hydrologic impact on the adjacent downstream wetlands. 
The project limits do cross existing wetlands. However, through water quality treatment, flow control, and 
mitigation efforts, developed conditions will maintain existing hydrology to the greatest extent feasible. 
  

2.10 Minimum Requirement #9: Operation and Maintenance 
 
A maintenance plan has been prepared for the proposed storm system and can be found in Appendix F of this 
report. 
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3.0 SITE AND BASIN EXISTING CONDITION SUMMARY 
 

3.1 Existing Utilities 
 
Utilities along the Harbour Reach Drive corridor include the following: sanitary sewer, water, gas, overhead power 
lines, buried power lines, buried fiber optic lines, buried telecommunication lines, and storm sewer lines. 
   
A 6” PVC sanitary sewer line runs NE to SW along the east side of Beverly Park Road, and is met by a line that 
runs east down 132nd Street SW. A 12” concrete sanitary sewer line crosses the proposed Harbour Reach Drive 
extension roughly 50 feet north of the seasonal stream located to the north of Blue Heron Boulevard. An 8” 
sanitary sewer line crosses Harbour Reach Drive 100 feet north of its intersection with Harbour Pointe Boulevard.  
 
A water main runs NE to SW along the west side of Beverly Park Road, and is met by a line that runs to the SE 
down 132nd Street SW. A 12” water main runs along the north side of Blue Heron Boulevard, crossing Harbour 
Reach Drive. Two water lines cross the proposed Harbour Reach Drive extension roughly 100 feet south of 
Harbour Pointe Boulevard. A separate water line runs along the north side of Harbour Pointe Boulevard, crossing 
Harbour Reach Drive, before joining via a tee joint with a 12” main that runs south, across Harbour Pointe 
Boulevard, and north, along the east side of Harbour Reach Drive. The 12” main that runs north tapers to the 
south bound lane of Harbour Pointe Drive roughly 230 feet north of Harbour Pointe Boulevard, where it continues 
beneath the drive path until Chennault Beach Road. In addition to service lines, multiple 12” water lines extend 
from this main down intersecting streets, including along the north side of Pointes Drive.   
 
A 4” gas line runs NE to SW along the east side of Beverly Park Road, and is met by a line that runs SE down 
132nd Street SW. A 4” gas line runs along the south side of Harbour Pointe Boulevard and is met by a 2” line that 
runs north along the west side of Harbour Reach Drive. This 2” line continues past Pointes Drive, where the line 
exits the project limits.   
 
Overhead power lines run along both sides of Beverly Park Road. A buried power line crosses the future Harbour 
Reach Drive alignment just north of Blue Heron Boulevard. 
 

3.2 Existing Drainage Conditions Summary 
 
Surface runoff from the existing sections of Harbour Reach Drive currently sheet flows to the sides of the roadway 
where it is collected by the existing drainage system. This system consists of closed conveyance systems, which 
discharge to detention ponds, streams, wetlands, and swales. The project site is not located within a flood zone, 
as evidenced in the FEMA map included in Appendix G of this report. Figures A.1 –A.16 in Appendix A show the 
existing drainage patterns, existing drainage system components, upstream tributary areas, and outfall locations. 
Refer to these drawings for locations of discharge points and sources of off-site flow. Based on GIS map 
investigations, basin map investigations, downstream analyses, and site investigations by the project engineer, it 
was determined that the entire project area is divided into four (4) distinct Threshold Discharge Areas (TDAs).  
Project TDA limits and their associated sub-basin limits and discharge locations are delineated in Figures A.1 
through A.8, located in Appendix A of this report. A delineation of existing land cover conditions (Figures A.9 
through A.16) can also be found in Appendix A of this report. Upstream Basin Delineations (Figure A.17) can be 
found in Appendix A as well.   
 
TDA 1 is limited to a small section of 132nd Street and Beverly Park Road. The intersection of 132nd Street and 
Beverly Park Road sets the beginning or ending areas of TDA 1, 2, and 3. The two roadways are crowned. Runoff 
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from TDA 1 is collected and conveyed to the east in an existing storm drain conveyance system that runs along 
Beverly Park Road, which exits the projects eastern limits. 
 
TDA 2 includes part of 132nd Street and Beverly Park Road. Runoff sheet flows to both sides of the Beverly Park 
Road into gutters and is collected by catch basins along the gutter. Runoff is then directed into the conveyance 
system that runs to the west along the south side of the roadway, and out of project limits. 
 
TDA 3 is divided into three sub-basins. Sub-basins 3A and 3B are located between Beverly Park Road and South 
Road, and divided by a crest near station 21+25. Stormwater in these sub-basins sheet flows to separate channels 
over undeveloped, forested terrain. An upstream area of approximately 6.1 acres contributes runoff to sub-basin 
3A, and an upstream area of approximately 96.4 acres contributes to sub-basin 3B. Sub-basin 3C is the largest 
sub-basin of TDA 3, beginning at the intersection of South Road and Harbour Reach Drive and continuing to the 
north until reaching a high point near Blue Heron Boulevard. There is an existing conveyance system that collects 
runoff from the roadway within sub-basin 3C and discharges into an existing detention pond. In addition to the 
on-site area, there is a tributary off-site area of approximately 37.8 acres that contributes to the existing 
conveyance system. This runoff is generated by Travis Industries, a developed property to the east of Harbour 
Reach. Runoff generated by the Travis Industries parking lots is conveyed into biofiltration swales located to the 
west of Harbour Reach. Overflow from these biofiltration swales is diverted into the Harbour Reach conveyance 
system. Runoff generated from the non-pollution generating rooftops of Travis Industries is conveyed directly into 
the on-site Harbour Reach conveyance system. Refer to Exhibits A.20-A.22 for Travis Industries’ drainage plans in 
the vicinity of the Harbour Reach Improvements. A separate off-site area of approximately 12.3 acres bypasses 
the on-site conveyance systems by passing underneath the roadway in a 30” concrete culvert into an existing 
wetland. 
 
TDA 4 is separated into two sub-basins; 4A and 4B. Sub-basin 4A begins approximately 120 feet north of the 
intersection of Blue Heron Boulevard, where Harbour Reach Drive terminates, and ends 100 feet south of the 
Harbour Pointe Boulevard intersection. The existing conditions, between Harbour Reach Drive and Harbour 
Pointe Boulevard, are heavily wooded. The discharge point is located between the two intersections and is 
comprised of a stream. There is an upstream area of approximately 153.1 acres that contributes to the runoff in 
this sub-basin. Sub-basin 4B begins approximately 100 feet south of the Harbour Pointe Boulevard intersection, 
which is super elevated to the north. A conveyance system collects this runoff, as well as runoff from the high 
point, approximately 700 feet to the north, to the intersection and discharges into Picnic Point Creek at the 
northeast corner of the intersection. 
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4.0 OFF-SITE ANALYSIS 
 

4.1 Downstream Analysis 
 
Four (4) TDAs have been identified within the project limits in accordance with the definitions of the 2014 
Stormwater Management Manual for Western Washington, Volume I, Sections 2.4 and 2.5.   
 
The sub-basins on the site correlate to individual outfalls. Each outfall and sub-basin are summarized below: 
 

TDA Sub-Basin Start Station End Station 
Discharge 
Description 

Outlet 
Location 

Discharge to 
Downstream 
Via 

1 
N/A 8+00 RT 10+75 RT 12” pipe 9+75 RT Conveyance 

System 

2 
N/A 9+00 LT 11+25 LT 12” pipe 10+50 LT Conveyance 

System 

3 

3A 10+40 LT 21+35  Wetland 20+45 LT Wetland 

3B 21+15 LT 24+45 RT Seasonal 
Stream 

22+65 LT Seasonal Stream 

3C 23+75 RT 42+05 LT 36” Pipe 30+05 LT Detention Pond 

4 

4A 41+35 LT 46+80 LT Picnic Point 
Creek 

44+50 Picnic Point 
Creek 

4B 46+25 RT 207+15 18” Pipe 200+60 RT Picnic Point 
Creek 

 
A Level 1 downstream analysis was performed for TDAs 1 through 4 on October 19, 2016. A Level 1 downstream 
analysis includes a review of resources, a visual inspection of storm conveyance systems for evident erosion, 
sedimentation, or other drainage issues and a discussion of possible effects due to proposed project 
improvements. Photos taken at various locations along the downstream route are included in the narrative below.  
The downstream routes and photo locations have been delineated on Figure A.17. 
 
Prior to performing any field reconnaissance, it is important to gather as much information about the project site 
and its surrounding area as possible. Becoming familiar with site topography, likely Threshold Discharge Areas 
(TDAs), receiving waters, and various other site related information will aid with the field reconnaissance and in 
making a complete assessment of site conditions. 
 
Table 4.1 below provides the applicable information sources that were consulted as part of these downstream 
analyses. These sources helped to provide an overall view of the project site, its downstream areas, and any 
existing and potential impacts on downstream waters and properties. 
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Table 4.1. Information Sources Consulted. 

Item # Source Reviewed Findings 
1 GIS Data Project vicinity map, aerial photograph, road features, vegetation, 

topography, land use, etc. 

2 Topography (USGS 
quadrangle maps and other 
survey maps) 

On-site topography and utilities provided by GIS. 

3 FEMA Map The project does not lie within a floodplain. 

4 Sensitive Area Map Sensitive area mapping and information provided by GIS 

5 Clean Water Act Section 
303(d) List of Impaired 
Waters 

Ecology website. Impairments listed on the 303(d) list for Picnic Point 
Creek include temperature, dissolved oxygen, and pH. Picnic Point Creek 
does have one bioassessment listing.  

6 Total Maximum Daily Loads 
(TMDLs) 

Ecology website. No TMDLs listed for Picnic Point Creek. 

7 Natural Resources 
Conservation Service Soil 
Survey (NRCS) 

NRCS soil maps were reviewed for the project site, downstream, and 
upstream off-site areas. 

8 Geotechnical Evaluation This includes soil characteristics, groundwater data, soil infiltration rates, 
etc. Refer to the geotechnical report. 

 
A downstream analysis was completed for each of the downstream flow paths from each TDA outfall location to 
¼ mile downstream of the project site.   
 
The flow paths from each discharge point are shown on Figure A.17. Sub-basins that converge within ¼ mile, as 
measured from the uppermost sub-basin, are part of the same TDA.  
 

4.1.1 Picnic Point Drainage Basin Summary  
 
Picnic Point Creek Basin 
The Picnic Point Creek drainage basin has an area of about 1,300 acres (approximately two square miles). The 
basin has a length of 2.5 miles and maximum width of 1.2 miles. Picnic Point Creek flows into Puget Sound at 
Picnic Point County Park. The maximum elevation within the basin is 580 feet in the vicinity of Highway 99. 
 
Existing hydrology from the project area feeds wetlands and shallow flow. Picnic Point Creek is a shallow 
meandering creek that flows through and is adjacent to multiple wetlands and small ponds. The soils consist of 
Alderwood gravelly sandy loam, Alderwood-Everett gravelly sandy loams, Alderwood-Urban land complex, and 
Everett gravelly sandy loam. The land surrounding the creek ranges from single-family residential to commercial, 
with a large portion being undeveloped. 
 
The creek begins around Cyrus Way and South Road and runs west until it reaches the Puget Sound. It flows 
under multiple roadways and railroads in concrete culverts along the way. TDAs 1, 2, 3, and 4 drain to this basin. 
 
TDA 1 Downstream Analysis 
This downstream analysis begins at the intersection of 132nd Street SW and Beverly Park Road. A walkthrough of 
the downstream routes of each TDA was performed on Wednesday, October 19, 2016. The weather was overcast 
with a temperature near 60 degrees Fahrenheit. Precipitation had been recorded in the week leading up to the 
visit. Refer to Figure A.17 for a delineation of the downstream drainage route. 
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TDA 1 is limited to a small section of 132nd Street and Beverly Park Road. The intersection of 132nd Street and 
Beverly Park Road sets the beginning or ending areas of TDA 1, 2, and 3. TDA 1 includes part of 132nd Street and 
Beverly Park Road. Runoff sheet flows to both sides of the Beverly Park Road into gutters and is collected by catch 
basins along the gutter. Runoff is then directed into the conveyance system that runs to the northeast along the 
east side of the roadway. It appears the runoff is discharged into a forested channel approximately 1,200 feet 
downstream and discharges into a wetland associated with Picnic Point Creek, to the south of South Road. This 
wetland appears to be the commencement of Picnic Point Creek. The creek crosses under South Road twice 
before it meets up with the discharge point for TDA 3, sub-basin 3B. 
 
All the catch basins, storm pipe, and drainage channels observed during this TDA’s downstream walkthrough 
appeared to be in good condition with no visible clogging or obstructions to prevent flow within the conveyance 
system. Adverse impacts are not anticipated as a result of the proposed improvements within TDA 1 of the project 
site. 
 

 
Photo 101. TDA 1 conveyance system along Beverly Park Road. 

 
TDA 2 Downstream Analysis 
The downstream analysis for this TDA begins at the intersection of 132nd Street SW and Beverly Park Road as 
well. The two roadways are crowned. Runoff from TDA 2 is collected and conveyed to the southwest in an existing 
storm drain conveyance system that runs along Beverly Park Road. Runoff flows southwesterly for approximately 
1/2 mile prior to tuning west and eventually is discharged into an unnamed stream. The unnamed stream 
ultimately discharges into the Puget Sound. There is one wetland adjacent to Beverly Park Road to the west.  
 
Almost all the catch basins, storm pipe, and drainage channels observed during this TDA’s downstream 
walkthrough appeared to be in good condition with no visible clogging or obstructions to prevent flow within the 
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conveyance system. The exception to this was the conveyance system along the west side of Beverly Park Road, 
where the catch basins were full of water. There was no indication of flow within the catch basins, nor was 
clogging observed in any catch basin. Adverse impacts are not anticipated as a result of the proposed 
improvements within TDA 2 of the project site. 
 

 
Photo 201. TDA 2 conveyance system along Beverly Park Road. 

 
TDA 3 Downstream Analysis 
TDA 3 is split into three sub-basins; 3A, 3B, and 3C. The analysis for this TDA begins at each sub-basins 
discharge point.  
 
Sub-basin 3A is located between Beverly Park Road and the high point to the south of South Road. The discharge 
point is at the low point, approximately 360 feet to the south of South Road, and it discharges to the southwest. 
The flow enters into a channel and a wetland and ultimately discharges into Picnic Point Creek (refer to sub-basin 
3B). The area surrounding this location is heavily forested. In addition to the on-site area, an upstream area of 
approximately 6.1 acres also contributes runoff to this sub-basin. The quarter-mile mark for this downstream 
system is shown on Figure A.17. 
 
Sub-basin 3B is located to the south of South Road. Sub-basin 3B ends at South Road, where it intersects with 
Harbour Reach Drive, which is an existing paved roadway. The discharge point is located approximately 150 feet 
to the north of the high point, just to the south of South Road, where it discharges into a seasonal stream. The 
stream continues to flow to the west through a heavily forested ravine and eventually discharges into Picnic Point 
Creek approximately 650 feet downstream. In addition to the on-site area, an upstream area of approximately 
96.4 acres also contributes runoff to this sub-basin. 
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Sub-basin 3C is the largest sub-basin of TDA 3, beginning at the intersection of South Road and Harbour Reach 
Drive and continuing to the north until reaching a high point near Blue Heron Boulevard. There is an existing 
conveyance system that collects runoff from the roadway within sub-basin 3C and discharges into an existing 
detention pond. In addition to the on-site area, there is a tributary off-site area of approximately 37.8 acres that 
contributes to the existing conveyance system. This runoff is generated by Travis Industries, a developed property 
to the east of Harbour Reach. Runoff generated by the Travis Industries parking lots is conveyed into biofiltration 
swales located to the west of Harbour Reach. Overflow from these biofiltration swales is diverted into the Harbour 
Reach conveyance system. Runoff generated from the non-pollution generating rooftops of Travis Industries is 
conveyed directly into the on-site Harbour Reach conveyance system. Refer to Exhibits A.20-A.22 for Travis 
Industries’ drainage plans in the vicinity of the Harbour Reach Improvements. A separate off-site area of 
approximately 12.3 acres bypasses the on-site conveyance systems by passing underneath the roadway in a 30” 
concrete culvert into an existing wetland. This wetland routes flows to the west, discharging into Picnic Point 
Creek.  
 
All the catch basins, storm pipe, and drainage channels and flow paths observed during this TDA’s downstream 
walkthrough appeared to be in good condition with no visible clogging or obstructions to prevent flow within the 
conveyance system. Adverse impacts are not anticipated as a result of the proposed improvements within TDA 3 
of the project site. 
 

 
Photo 301. TDA 3 downstream path of Picnic Point Creek. 
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Photo 302. TDA 2 3 downstream path of Picnic Point Creek. 

 

 
Photo 303. TDA 3 downstream path of Picnic Point Creek. 
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Photo 304. Outlet pipe into swale near South Road. 

 

 
Photo 305. Swale near South Road. 
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TDA 4 Downstream Analysis 
TDA 4 is separated into two sub-basins; 4A and 4B. Sub-basin 4A begins approximately 120 feet north of the 
intersection of Blue Heron Boulevard, where Harbour Reach Drive terminates, and ends 100 feet south of the 
Harbour Pointe Boulevard intersection. The existing conditions, between Harbour Reach Drive and Harbour 
Pointe Boulevard, are heavily wooded. There is a discharge point between the two intersections that outfalls 
directly into Picnic Point Creek. The creek bed is heavily forested. It continues to the south for approximately three-
quarters of a mile, where it then combines with flows from TDA 3. There is an upstream area of approximately 
153.1 acres that contributes to the runoff in this sub-basin. 
 
Sub-basin 4B begins approximately 100 feet south of the Harbour Pointe Boulevard intersection, which is super 
elevated to the north. A conveyance system collects this runoff, as well as runoff from the high point, 
approximately 700 feet to the north, to the intersection and discharges into Picnic Pointe Creek at the northeast 
corner of the intersection. The flow continues south, flowing underneath Harbour Pointe Boulevard, for 
approximately 600 feet where it combines with the flow from sub-basin 4A.  
 
All the catch basins, storm pipe, and drainage channels observed during this TDA’s downstream walkthrough 
appeared to be in good condition with no visible clogging or obstructions to prevent flow within the conveyance 
system. Adverse impacts are not anticipated as a result of the proposed improvements within TDA 4 of the 
project site. 
 

 
Photo 401. Discharge area of Harbour Reach Drive on NE corner of Harbour Pointe  
Boulevard SW. 
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Photo 402. Picnic Point Creek to the south of Harbour Pointe Boulevard SW. 

 

4.2 Upstream Analysis 
 
Stormwater runoff from areas upstream (east) of the project has been identified and can be viewed in Figure A.17.  
The proposed drainage system for the roadway will be designed to maintain separation between on-site and 
upstream stormwater flow. The outfalls from the existing systems will be maintained. 
 
There is a considerable amount of upstream off-site area that contributes runoff onto the Harbour Reach 
extension project area. This runoff enters the site either in the form of sheet flow or as point discharge through 
storm pipes, drainage ditches, and stream crossings. All off-site areas that are tributary to the project site have 
been delineated and can be found on Figure A.17.  
 
The vast majority of the tributary upstream areas consist of land cover associated with private commercial 
developments. Impervious areas consist of roofs, sidewalks and roads where pervious areas consist of landscaped 
areas and wooded areas surrounding stream corridors. 
 
There are no adverse impacts anticipated within these upstream areas as a result of the improvements associated 
with the project. All existing stream crossings and storm drain crossings will be maintained to the maximum extent 
feasible. 
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5.0  PERMANENT STORMWATER CONTROL PLAN 
 

5.1 Pre-Developed Site Hydrology 
  
Pre developed conditions were assumed to be forested, regardless of current existing conditions. As previously 
discussed, four distinct sub-basins have been identified within project limits. Pre-developed site hydrology is 
summarized in the table below. Refer to Section 3.2 for more detail on existing conditions. 
 

TDA Sub-Basin 
Sub-Basin 
Area 
(Acres) 

Current Land Use Hydrologic Soil Group 
Pre-Developed 
Land Use 

1 N/A 0.32 Impervious Urban Land Complex Forested 

2 N/A 0.24 Impervious Urban Land Complex Forested 

3 

3A 2.19 Forested  Urban Land Complex  Forested 

3B 0.55 Forested Gravelly Sandy Loam Forested 

3C 3.14 Impervious Gravelly Sandy loam  Forested 

4 
4A 0.88 Forested Gravelly Sandy loam  Forested 

4B 0.60 Impervious Gravelly Sandy Loam Forested 

 

5.2 Developed Site Hydrology 
 

Refer to Section 5.6 for detailed descriptions of proposed improvements within each TDA. 
 
Developed Site Hydrology is summarized in the table below. Refer to Sections 5.3 through 5.6 for more detail on 
developed conditions.   
 

TDA 
Sub-
Basin 

Sub-Basin Area 
(Acres) 

Current Land 
Use 

Hydrologic Soil Group Developed Land Use 

1 N/A 0.32 Impervious Urban Land Complex Grass and Impervious 

2 N/A 0.24 Impervious Urban Land Complex Grass and Impervious 

3 

3A 2.19 Forested  Urban Land Complex  Grass and Impervious 

3B 0.55 Forested Gravelly Sandy Loam Grass and Impervious 

3C 3.14 Impervious Gravelly Sandy loam  Grass and Impervious 

4 
4A 0.88 Forested Gravelly Sandy loam  Grass and Impervious  

4B 0.60 Impervious Gravelly Sandy Loam Grass and Impervious 

 
5.3 Performance Goals and Standards  
 
Per Minimum Requirement #7 of the Stormwater Management Manual for Western Washington (SWMMWW), 
any one of the following circumstances requires achievement of the standard flow control requirement for 
Western Washington: 

• Projects in which the total of effective impervious surfaces is 10,000 SF or more in a threshold discharge 
area (TDA) 

• Projects that convert ¾ acres or more of vegetation to lawn or landscape, or convert 2.5 acres or more of 
native vegetation to pasture in a TDA, and from which there is a surface discharge in a natural or man-
made conveyance system from the site 



DECEMBER 2018  |  FINAL DRAINAGE REPORT 
 
 

 

20 
File location:  \\evt-files.perteet.com\Clients\Mukilteo, City of\Projects\20150051 - Harbour Reach Extension\Design\Drainage\8 - Drainage 
Report\Post Final Report\Harbour Reach Final Drainage Report.docx 

• Projects that through a combination of effective hard surfaces and converted vegetation areas cause a 
0.10 cubic feet per second increase in the 100-year flow frequency from a threshold discharge area as 
estimated using the Western Washington Hydrology Model or other approved model and one-hour time 
steps (or a 0.15 cfs increase using 15-minute time steps). 

 
For this project, only the first and third circumstances apply. See below for each TDA’s flow control threshold 
analysis.   
 

TDA 
New Impervious 
Surface (SF) 

New Imp. Surface 
Greater than 
10,000 SF? 

Change in Pre-
Developed to 
Untreated Post-
Developed Runoff 
(CFS) 

Flow Control 
Required? 

1 833 No <0.1 No 

2 48 No <0.1 No 

3 100,883 Yes >0.1 CFS Yes 

4 31,611 Yes >0.1 CFS Yes 

 
The following flow control standards are to be applied to this project: 

• Provide storage volume required to match the duration of pre-developed peak flows from 50% of the 2 
year up to the 50-year storm flow, using a flow restrictor (such as an orifice or weir), and check the 100 
year peak flow for property damage. 

• Pre-developed land-use is to assume forested conditions, regardless of actual existing site conditions. 

• Modeling for the sizing of detention facility is to be the continuous simulation model MGSFlood or 
equivalent. 

 
Per Minimum Requirements #6 of the Stormwater Management Manual for Western Washington (SWMMWW), 
either of the following circumstances requires achievement of the standard water quality treatment requirement 
for Western Washington:  

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

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

 
For this project, only the first circumstance applies. See below for each TDA’s water quality treatment threshold 
analysis. 
 

TDA 
New Pollution 
Generating Hard 
Surface (SF) 

New NPGHS 
Greater than 
5000 SF?  

Water 
Quality 
Treatment 
Required? 

1 630 No No 

2 0 No No 

3 74,492 Yes Yes 

4 25,070 Yes Yes 
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The following water quality treatment standards are applied to this project: 

• Modular Wetlands, which are located downstream of detention facilities, were sized to treat the full 
2-year release rate from the detention facilities. 

• For this project, the runoff treatment target is for Enhanced Treatment since the ADT is greater than 
7,500 for the horizon year 2040.   

 
Calculations for the sizing of the flow control and stormwater treatment BMPs can be found in appendix C of this 
report. Equivalent Area Maps can be found in Appendix B of this report.   
 

5.4 Flow Control  
 
Concrete detention vaults were chosen as the preferred flow control BMP for TDAs 3 and 4. The detention vaults 
were sized using MGSFlood, a continuous simulation software. Storage volumes for the detention vaults are 
required to match the duration of pre-developed peak flows from 50% of the 2-year up to the 50-year storm flow, 
using a flow restrictor or an orifice weir. Pre-developed land was assumed to be forested, regardless of actual 
existing site conditions. Refer to the table below for required capture areas, and actual capture areas: 
 

TDA 
Required 
Impervious 
Capture Area (SF) 

Actual 
Impervious 
Capture Area 
(SF) 

Additional Impervious 
Capture Area Beyond 
Required (SF) 

3 100,883 102,300 1,417 

4 31,611 34,737 3,126 

 
5.4.1 TDA 3 
 
Because of steep slopes throughout the TDA and lack of right-of-way space, open detention ponds or similar flow 
control BMPs were not feasible. Therefore, a single detention vault will serve as the flow control BMP for TDA 3. 
 
The proposed detention vault will be located within the Harbour Reach Drive right-of-way, just north of the 
roundabout at the intersection of Harbour Reach Drive and South Road. It will have an interior area of 4,480 SF, 
and a live storage depth of 11’, translating to a storage volume of 49,280. Refer to project plans for details and 
drawings. Refer to Appendix C for sizing calculations. 
 
A Type 2 54-inch control structure will be located adjacent to the detention vault. This structure will control the 
release of stormwater runoff into the downstream system.  
 
Where TDA 3 ends and TDA 4 begins, just north of Harbour Point Boulevard, proposed drainage conditions 
result in the transfer of roughly 1,775 SF from TDA 4 into TDA 3. In order to offset this imbalance, an equivalent 
area of TDA 3 is captured from TDA 3 and transferred into TDA 4. Refer to Figure B9 in Appendix B of this report 
for a depiction of this area swap.    

 
5.4.2 TDA 4 
 
Because of steep slopes throughout the TDA, open detention ponds or similar flow control BMPs were not 
feasible. Therefore, a single detention vault will serve as the flow control BMP for TDA 4. 
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The proposed detention vault will be located within the Harbour Reach Drive right-of-way, just north of Blue 
Heron Boulevard. It will have an interior area of 3,562 SF and a live storage depth of 6’, translating to a storage 
volume of 21,120 CF. Refer to project plans for details and drawings. Refer to Appendix C for sizing calculations. 
 
A Type 2 54-inch control structure will be located adjacent to the detention vault. This structure will control the 
release of stormwater runoff into the downstream system.   
 

5.5 Water Quality  
 
Flow rates were provided to the manufacturer for Modular Wetland sizing purposes. For the Modular Wetlands, 
both of which were placed after detention facilities, the units were sized to treat the full 2 year release rate from the 
detention vaults obtained via MGSFlood. For this project, the runoff treatment target is for Enhanced Treatment 
since the ADT is greater than 7,500 for the horizon year 2040.  Refer to the table below for required capture 
areas, and actual capture areas: 
 

TDA 
Required PGIS 
Capture Area (SF) 

Actual PGIS 
Capture Area 
(SF) 

Additional PGIS 
Capture Area Beyond 
Required (SF) 

3 74,492 74,731 239 

4 25,070 26,081 1,011  

 

5.5.1 TDA 3  
 
The Modular Wetland was chosen because of its ability to treat a large area with a single unit and to receive 
runoff from pipe flow, instead of just surface flow. Placing it immediately downstream of the TDA 3 Detention 
Vault results in a smaller sized unit than if it were to be placed upstream of the detention vault. Based on the 
manufacturer’s sizing, a 4’ x 6’ Modular Wetland will satisfy water quality treatment requirements. Refer to 
project plans for drawings and details for this Modular Wetland, and refer to appendix C of this report for sizing 
calculations.   
 

5.5.2 TDA 4  
 
The Modular Wetland was chosen because of its ability to treat a large area with a single unit and to receive 
runoff from pipe flow, instead of just surface flow. Placing it immediately downstream of the TDA 4 Detention 
Vault results in a smaller sized unit than if it were to be placed upstream of the detention vault. Based on the 
manufacturer’s sizing, a 4’ x 6’ Modular Wetland will satisfy water quality treatment requirements. Refer to 
project plans for drawings and details for this Modular Wetland, and refer to Appendix C of this report for sizing 
calculations.   
 

5.6 Conveyance System and Design 
 
The Harbour Reach Drive Extension project is separated into four TDAs conveying roadway drainage to the 
appropriate stormwater facility and outfall locations. Per the Mukilteo Development Standards, the conveyance 
system has been analyzed using the rational method, and will accommodate the 100-year storm without 
overtopping for all systems discharging to major creeks, and the 25-year storm for all others. The software 
program StormShed3G was used to check conveyance capacities. Refer to Appendix D for the conveyance 
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calculations. These calculations demonstrate that all proposed on-site systems have adequate capacity to convey 
the 100-year storm.   
 
Gutter flow analysis has been performed to review possible flooding encroachment into the traveled way. A 10-
year design storm (WSDOT HM) and an acceptable spread width of the shoulder width (bike lane) plus two feet 
(WSDOT HM) was used to check inlet spacing at worst case locations. Spot check calculations for inlet spacing 
and spread width compliance have been included in Appendix D. Catch basins were placed no more than 150 
feet apart, per City of Mukilteo standards.   
 
After project completion, surface runoff from the newly constructed/widened roadway will be directed to the new 
gutter line (and existing gutter line where conditions were not changed) on either side of Harbour Reach Drive.  
Catch basins will collect this runoff and the new storm pipe system will convey it to an existing storm drain system 
or directly to each TDA’s respective natural discharge points. Off-site upstream areas will also be collected and 
conveyed by both the new and existing on-site conveyance systems. Runoff from these off-site areas will be 
conveyed in separate conveyance systems, bypassing the flow control and water treatment facilities. The 
following sections describe the proposed drainage system for each of the project’s four TDAs. 
 
Roadway improvements within TDA 1 consist of intersection improvements and widening at the north and east 
corners of Beverly Park Road and 132nd Street SW, and the addition of new curb ramps. After project completion, 
on-site surface runoff from TDA 1 will sheet flow to existing and new gutter lines at the north and northeast corner 
of Beverly Park Road, where it will be collected in existing and proposed catch basins and conveyed off-site to the 
existing discharge point. TDA 1 is below the threshold for both water quality treatment and flow control 
requirements 
 
Roadway improvements within TDA 2 consist of very minor intersection improvements at the south corner of 
Beverly Park Road and 132nd Street SW, including the addition of new curb ramps. After project completion, on-
site surface runoff from TDA 2 will be unchanged. Existing curb lines will be replaced, but not relocated, and the 
existing conveyance system will remain in-place. TDA 2 is below the threshold for both water quality treatment 
and flow control requirements. 
 
Roadway improvements within TDA 3 include the extension of Harbour Reach Drive into undeveloped land. This 
section of roadway will include drive lanes, bike lanes, curb and gutter, planters, and sidewalks, and a 
roundabout. TDA 3 improvements also include the widening of the existing portion of Harbour Reach Drive north 
of South Road, and South of Blue Heron Boulevard. These improvements will result in a wider roadway, and new 
planter strips and sidewalk. After project completion, on-site surface runoff from TDA 3 will be conveyed along 
the newly constructed gutter lines to catch basins and a closed storm drain system. To detain and treat runoff 
from the new impervious and pollution generating surfaces added to this TDA, runoff from a designated 
equivalent area (refer to Figure B.10 in Appendix B of this report) will be directed into a detention vault just north 
of the intersection of Harbour Reach Drive and South Road, and then into a Modular Wetland located within the 
proposed roundabout. Once treated, runoff from the equivalent area will be discharged into the existing seasonal 
stream in sub-basin 3B, which discharges to Picnic Point Creek. The outfall system will consist of a flexible HDPE 
pipe that runs down a steep slope and into a bubble up energy dissipator. The HDPE pipe will be below grade for 
the vast majority of the steep slope, but anchoring will be provided where the pipe is at grade. The energy 
dissipator consists of a Type 2 48” catch basin with a debris cage, surrounded by quarry spalls. Runoff will enter 
the catch basin below its rim elevation, and spill out through the debris cage before entering Picnic Point Creek. 
Culverts will collect and direct off-site upstream runoff beneath the proposed roadway to maintain exiting 
drainage conditions.   
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Roadway improvements within TDA 4 include the extention of Harbour Reach Drive North of Blue Heron 
Boulevard up to Harbour Pointe Boulevard. This section of Harbour reach will include drive lanes, bike lanes, curb 
and gutter, planters, and sidewalk. After project completion, on-site surface runoff from TDA 4 will be conveyed 
along the newly constructed gutter lines to catch basins and a closed storm drain system. To detain and treat 
runoff generated by the new impervious and pollution generating surfaces, runoff from a designated equivalent 
area (Refer to Figure B.11 in Appendix B of this report) will be directed into a detention vault just north of Blue 
Heron Boulevard, and then into a Modular Wetland located within the planter strip and sidewalk west of the 
vault. Once treated, the runoff from the equivalent area will be discharged into the existing seasonal stream near 
station 44+50. The outfall system will consist of a flexible HDPE pipe that runs down a steep slope and into a 
bubble up energy dissipator. The pipe will be at grade in some locations on the steep slope, and will require 
anchoring. The energy dissipator consists of a Type 2 48” catch basin with a debris cage, surrounded by quarry 
spalls. Runoff will enter the catch basin below its rim elevation, and spill out through the debris cage before 
entering the seasonal stream. The HDPE pipe in this section will be at grade for much of the steep slope, and 
anchoring will be provided. Refer to Appendix D for Outfall Stability Calculations. Runoff from sub-basin 4B will 
be conveyed along the newly constructed gutter lines on either side of Harbour Reach Drive, collected in catch 
basins, and directed to the existing discharge point, which will be maintained. Off-site upstream runoff will be able 
to pass beneath the proposed roadway to maintain exiting drainage conditions. 
 

6.0 OPERATION AND MAINTENANCE MANUAL 
 
The City of Mukilteo shall be responsible for the maintenance and operation of on-site drainage facilities.   

1. Drainage facilities shall be maintained at appropriate times so that their water quantity and water 
quality control functions, and access are not impaired; and shall include keeping all drainage facilities 
and access areas free of accumulated debris or trash and all impervious surfaces free from sediment. 

2. Maintenance of all drainage facilities shall be conducted by the responsible party in compliance with an 
operation and maintenance plan for drainage facilities developed in accordance with the requirements 
of this title. 

3. Any modification to detention facilities for maintenance which is not part of an approved maintenance 
schedule will require prior approval by the Engineer. A revision to the approved plans, drainage 
computations, or maintenance schedule shall require re-submittal to the City for approval prior to 
modification. 

 
The attached specific maintenance requirements, found in Appendix F of this report, indicate each maintenance 
component and the conditions when maintenance is required. The drainage facilities shall be inspected twice a 
year during the first two years of operation, and once a year thereafter. The drainage facilities shall be inspected 
to determine whether conditions exist which would require maintenance. If it is determined that conditions exist 
that require maintenance, this maintenance is to be performed in a timely manner. 
 
Any standing water removed during the maintenance operation must be disposed of in a sanitary sewer (as 
approved by the governing jurisdiction) or to another City approved discharge location. Residuals must be 
disposed of in accordance with current health department requirements of the local government. 
 
The facility-specific maintenance standards contained in Appendix F of this report are intended to be conditions 
for determining if maintenance actions are required as identified through inspection. They are not intended to be 
measures of the facilities’ required condition at all times between inspections. In other words, exceedance of these 
conditions at any time between inspections and/or maintenance does not automatically constitute a violation of 
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these standards. However, based upon inspection observations, the inspection and maintenance schedules shall 
be adjusted to minimize the length of time that a facility is in a condition that requires a maintenance action. 
 
Refer to the sheets in Appendix F as a guide for maintaining the drainage components associated with this 
project. 
 
The proposed drainage system consists of the following elements: 

• Detention Vault 

• Modular Wetland 

• Catch Basins 

• Storm Drain Pipe 

• Flow Control Structure 

• Bubble-up Energy Dissipator 

 
 
 





 

 

 
 
 
 
 
 
 
 

APPENDIX A 

Existing Condition Figures 
 

Figures A.1 – A.8 Existing Drainage Conditions 
Figures A.9 – A.16b Existing Impervious Area Maps 

Figure A.17 – Downstream Routes and Upstream Basins 
Figure A.18 – Vicinity Map 

Figure A.19 – NRCS Soils Map 
Figures A.20-A.22 – Travis Industries Drainage Plans 
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APPENDIX B 

Developed Condition Figures 
 

Figures B.1 – B.8 Proposed Impervious Area Maps 
Figure B.9 TDA Area Swap Exhibit 

Figures B.10 – B.11 Equivalent Area Maps 
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APPENDIX C 

Flow Control and Water Quality Treatment Calculations 
 
  



20150051 – Harbour Reach Extension 

CALCULATION REPORT 

Calculated by: Max Magee, PE    Date: 11/8/18 

Checked By:  Date:  Brian Caferro, PE     Date:  11/10/18 

             

Flow Control and Water Quality Treatment Calculations 

 

Objective:  The purpose of this analysis is to: 

 

• Size two detention vaults for the purpose of satisfying flow control requirements for the on-site 

portion of the Harbour Reach Drive Extension project. 

• Size two modular wetland units for the purpose of satisfying enhanced water quality treatment 

requirements for the Harbour Reach Drive Extension project. 

 

Key Design Factors and Assumptions: 

• Hydrologic analysis for sizing the detention vaults was performed using MGSFlood software, a 

continuous simulation model. 

• Rainfall data for MGSFlood was obtained from the Extended Timeseries Region Map within the 

MGSFlood model.  Region “Puget East 40” was used for the MGSFlood model. 

• Equivalent and/or capture areas were identified and then used as the tributary areas to each 

flow control and water quality treatment facility.  A delineation of these areas can be found in 

Appendix B of this report. 

• Pre-developed land-use for the on-site flow control facilities was assumed to be forested 

conditions, regardless of actual site conditions. 

• The modular wetland units for TDAs 3 and 4 was sized using the 2 year release rates leaving the 

detention vault.  Flow rate information generated from the MGSFlood model was provided to 

the manufacturer who then sized the units accordingly. 

 

Summary of Results: 

 

Flow Control 

Flow control is required for TDAs 3 and 4 per the threshold analysis.  The following table is a summary of 

the required versus provided volumes. 

 

Facility Required Volume Provided Volume 

TDA 3 48,972 49,280 

TDA 4 20,280 20,400 

 

Water Quality Treatment 

Water quality treatment is required for TDAs 3 and 4 per the threshold analysis.  

 



The required Modular Wetland sizes were determined by the manufacturer based on the flow rate 

information that they were provided. 

 

Precipitation Data: 

• Mean Annual precipitation (MAP) = Puget East 40 inches per MAP. 

• Note: MAP was also checked using Latitude/Longitude Coordinates, inputting the coordinates 

into MGSFlood software, and verifying precipitation. 

 

 
 

    
  



TDA 3 
————————————————————————————————— 

MGS FLOOD 
PROJECT REPORT 

 
Program Version: MGSFlood 4.38 
Program License Number: 200310001 
Project Simulation Performed on: 09/16/2018 2:52 PM 
Report Generation Date: 10/10/2018 8:28 AM 

 ————————————————————————————————— 
 
Input File Name:  TDA 3 Detention Vault.fld 
Project Name:     Harbour Reach Drive Extension Project 
Analysis Title:     TDA 3 Detention Vault 
Comments:          
———————————————— PRECIPITATION INPUT ———————————————— 
 
Computational Time Step (Minutes):  15 
 
Extended Precipitation Time Series Selected 
Climatic Region Number:  13 
 
Full Period of Record Available used for Routing 
Precipitation Station :   96004005 Puget East 40 in_5min 10/01/1939-10/01/2097 
Evaporation Station   :   961040 Puget East 40 in MAP 
Evaporation Scale Factor   :  0.750 
 
HSPF Parameter Region Number:  1 
HSPF Parameter Region Name  :  USGS Default 
 
 ********** Default HSPF Parameters Used (Not Modified by User) *************** 
 
 
********************** WATERSHED DEFINITION *********************** 
 
    Predevelopment/Post Development Tributary Area Summary 
                                                                  Predeveloped        Post Developed 
 Total Subbasin Area (acres)     2.500    2.500 
 Area of Links that Include Precip/Evap (acres)    0.000    0.000 
 Total (acres)       2.500    2.500 
 
 
----------------------SCENARIO: PREDEVELOPED 
Number of Subbasins:  1 
 
 
 ---------- Subbasin : Subbasin 1 ----------  
                   -------Area(Acres) -------- 
Till Forest   2.443 
Till Pasture   0.000 
Till Grass   0.000 
Outwash Forest   0.000 
Outwash Pasture  0.000 
Outwash Grass   0.000 



Wetland   0.000 
Green Roof   0.000 
User 2    0.000 
Impervious   0.057 
---------------------------------------------- 
Subbasin Total   2.500 
 
----------------------SCENARIO: POSTDEVELOPED 
Number of Subbasins:  1 
 
 
 ---------- Subbasin : Subbasin 1 ----------  
                   -------Area(Acres) -------- 
Till Forest   0.000 
Till Pasture   0.000 
Till Grass   0.179 
Outwash Forest   0.000 
Outwash Pasture  0.000 
Outwash Grass   0.000 
Wetland   0.000 
Green Roof   0.000 
User 2    0.000 
Impervious   2.321 
---------------------------------------------- 
Subbasin Total   2.500 
 
 
 
************************* LINK DATA ******************************* 
 
----------------------SCENARIO: PREDEVELOPED 
Number of Links:  0 
 
 
************************* LINK DATA ******************************* 
 
----------------------SCENARIO: POSTDEVELOPED 
Number of Links:  1 
 
 
------------------------------------------ 
Link Name: Detention Vault                                              
Link Type:  Structure 
Downstream Link: None 
 
Prismatic Pond Option Used 
Pond Floor Elevation (ft)  :    100.00 
Riser Crest Elevation (ft)  :    111.00 
Max Pond Elevation (ft)  :    111.50 
Storage Depth (ft)  :    11.00 
Pond Bottom Length (ft)  :     159.0 
Pond Bottom Width (ft)  :     28.0 
Pond Side Slopes (ft/ft)  : L1= 0.00   L2= 0.00  W1= 0.00  W2= 0.00 
Bottom Area (sq-ft)  :    4452. 
Area at Riser Crest El (sq-ft) :    4,452. 
   (acres) :     0.102 



Volume at Riser Crest (cu-ft) :    48,972. 
   (ac-ft) :    1.124 
Area at Max Elevation  (sq-ft) :    4452. 
   (acres) :     0.102 
Vol at Max Elevation  (cu-ft) :   52,088. 
   (ac-ft) :    1.196 
 
Massmann Infiltration Option Used 
Hydraulic Conductivity (in/hr) :  0.00 
Depth to Water Table (ft)  : 100.00 
Bio-Fouling Potential  : Low 
Maintenance   : Average or Better 
 
Riser Geometry 
Riser Structure Type  : Circular 
Riser Diameter (in)  : 12.00 
Common Length (ft)  : 0.010 
Riser Crest Elevation  : 111.00 ft 
 
 Hydraulic Structure Geometry   
 
Number of Devices:    4 
 
      ---Device Number   1 --- 
Device Type  :  Circular Orifice  
Control Elevation (ft) :  100.00 
Diameter (in)  :  0.70 
Orientation   : Horizontal 
Elbow    : No 
 
      ---Device Number   2 --- 
Device Type  :  Circular Orifice  
Control Elevation (ft) :  105.90 
Diameter (in)  :  0.70 
Orientation   : Horizontal 
Elbow    : Yes 
 
      ---Device Number   3 --- 
Device Type  :  Circular Orifice  
Control Elevation (ft) :  107.00 
Diameter (in)  :  0.80 
Orientation   : Horizontal 
Elbow    : Yes 
 
      ---Device Number   4 --- 
Device Type  :  Circular Orifice  
Control Elevation (ft) :  108.00 
Diameter (in)  :  0.85 
Orientation   : Horizontal 
Elbow    : Yes 
 
 
**********************FLOOD FREQUENCY AND DURATION STATISTICS******************* 
 
----------------------SCENARIO: PREDEVELOPED 
Number of Subbasins:  1 



Number of Links:  0 
 
 
----------------------SCENARIO: POSTDEVELOPED 
Number of Subbasins:  1 
Number of Links:  1 
 
********** Subbasin: Subbasin 1 ********** 
 
 Flood Frequency Data(cfs) 
 (Recurrence Interval Computed Using Gringorten Plotting Position) 
Tr (yrs)        Flood Peak (cfs) 
====================================== 
   2-Year  0.880 
   5-Year  1.137 
   10-Year 1.314 
   25-Year 1.668 
   50-Year 2.069 
   100-Year 2.445 
   200-Year 2.521 
 
 
 
********** Link: Detention Vault                                              **********    Link Inflow Frequency Stats 
 Flood Frequency Data(cfs) 
 (Recurrence Interval Computed Using Gringorten Plotting Position) 
Tr (yrs)        Flood Peak (cfs) 
====================================== 
   2-Year  0.880 
   5-Year  1.137 
   10-Year 1.314 
   25-Year 1.668 
   50-Year 2.069 
   100-Year 2.445 
   200-Year 2.521 
 
 
 
********** Link: Detention Vault                                              **********    Link WSEL Stats 
 WSEL Frequency Data(ft) 
 (Recurrence Interval Computed Using Gringorten Plotting Position) 
Tr (yrs)        WSEL Peak (ft) 
====================================== 
   1.05-Year 103.419 
   1.11-Year 103.768 
   1.25-Year 104.207 
   2.00-Year 105.503 
   3.33-Year 106.465 
      5-Year 107.306 
     10-Year 108.549 
     25-Year 109.193 
     50-Year 109.655 
   100-Year 109.785 
 
 
 



 ***********Groundwater Recharge Summary *************  
Recharge is computed as input to Perlnd Groundwater Plus Infiltration in Structures 
 
               Total Predeveloped Recharge During Simulation 
Model Element                         Recharge Amount (ac-ft) 
----------------------------------------------------------------------------------------------- 
Subbasin: Subbasin 1           421.244 
_____________________________________ 
Total:                                   421.244 
 
             Total Post Developed Recharge During Simulation 
Model Element                         Recharge Amount (ac-ft) 
----------------------------------------------------------------------------------------------- 
Subbasin: Subbasin 1           21.876 
Link:     Detention Vault      0.000 
_____________________________________ 
Total:                                       21.876 
 
Total Predevelopment Recharge is Greater than Post Developed 
Average Recharge Per Year, (Number of Years= 158) 
Predeveloped:   2.666 ac-ft/year,  Post Developed:   0.138 ac-ft/year 
 
 ***********Water Quality Facility Data *************  
 
----------------------SCENARIO: PREDEVELOPED 
 
Number of Links:  0 
 
 
----------------------SCENARIO: POSTDEVELOPED 
 
Number of Links:  1 
 
 
********** Link: Detention Vault                                              ********** 
 
 Basic Wet Pond Volume (91% Exceedance):  10442. cu-ft 
 Computed Large Wet Pond Volume, 1.5*Basic Volume:  15663. cu-ft 
 
 
 Infiltration/Filtration Statistics-------------------- 
 Inflow Volume (ac-ft):  1076.62 
 Inflow Volume Including PPT-Evap (ac-ft):  1076.62 
 Total Runoff Infiltrated (ac-ft):  0.00,  0.00% 
 Total Runoff Filtered (ac-ft):  0.00,  0.00% 
 Primary Outflow To Downstream System (ac-ft):  1076.40 
 Secondary Outflow To Downstream System (ac-ft):  0.00 
 Percent Treated (Infiltrated+Filtered)/Total Volume: 0.00% 
 
 
 ***********Compliance Point Results ************* 
 
Scenario Predeveloped Compliance Subbasin: Subbasin 1 
 
Scenario Postdeveloped Compliance Link: Detention Vault                                              
 



      *** Point of Compliance Flow Frequency Data ***  
      Recurrence Interval Computed Using Gringorten Plotting Position 
 
 Predevelopment Runoff   Postdevelopment Runoff 
Tr (Years) Discharge (cfs)   Tr (Years) Discharge (cfs) 
---------------------------------------------------------------------------------------------------------------------- 
   2-Year        6.179E-02  2-Year        3.068E-02 
   5-Year            0.100  5-Year        5.902E-02 
   10-Year           0.136  10-Year       9.217E-02 
   25-Year           0.171  25-Year           0.106 
   50-Year           0.213  50-Year           0.115 
   100-Year          0.237  100-Year          0.117 
   200-Year          0.351  200-Year          0.128 
 ** Record too Short to Compute Peak Discharge for These Recurrence Intervals 
 
 
**** Flow Duration Performance **** 
Excursion at Predeveloped 50%Q2 (Must be Less Than 0%):  -0.1% PASS 
Maximum Excursion from 50%Q2 to Q2 (Must be Less Than 0%):  -0.1% PASS 
Maximum Excursion from Q2 to Q50 (Must be less than 10%):  8.2% PASS 
Percent Excursion from Q2 to Q50 (Must be less than 50%):  12.0% PASS 
 
------------------------------------------------------------------------------------------------- 
MEETS ALL FLOW DURATION DESIGN CRITERIA: PASS 
------------------------------------------------------------------------------------------------- 

  



TDA 4 
————————————————————————————————— 

MGS FLOOD 
PROJECT REPORT 

 
Program Version: MGSFlood 4.38 
Program License Number: 200310001 
Project Simulation Performed on: 12/06/2018 3:19 PM 
Report Generation Date: 12/06/2018 3:28 PM 

 ————————————————————————————————— 
 
Input File Name:  TDA 4 Detention Vault.fld 
Project Name:     Harbour Reach Drive Extension Project 
Analysis Title:     TDA 4 Detention Vault 
Comments:          
———————————————— PRECIPITATION INPUT ———————————————— 
 
Computational Time Step (Minutes):  15 
 
Extended Precipitation Time Series Selected 
Climatic Region Number:  13 
 
Full Period of Record Available used for Routing 
Precipitation Station :   96004005 Puget East 40 in_5min 10/01/1939-10/01/2097 
Evaporation Station   :   961040 Puget East 40 in MAP 
Evaporation Scale Factor   :  0.750 
 
HSPF Parameter Region Number:  1 
HSPF Parameter Region Name  :  USGS Default 
 
 ********** Default HSPF Parameters Used (Not Modified by User) *************** 
 
 
********************** WATERSHED DEFINITION *********************** 
 
    Predevelopment/Post Development Tributary Area Summary 
                                                                  Predeveloped        Post Developed 
 Total Subbasin Area (acres)     0.877    0.877 
 Area of Links that Include Precip/Evap (acres)    0.000    0.000 
 Total (acres)       0.877    0.877 
 
 
----------------------SCENARIO: PREDEVELOPED 
Number of Subbasins:  1 
 
 
 ---------- Subbasin : Subbasin 1 ----------  
                   -------Area(Acres) -------- 
Till Forest   0.817 
Till Pasture   0.000 
Till Grass   0.000 
Outwash Forest   0.000 
Outwash Pasture  0.000 
Outwash Grass   0.000 



Wetland   0.000 
Green Roof   0.000 
User 2    0.000 
Impervious   0.060 
---------------------------------------------- 
Subbasin Total   0.877 
 
----------------------SCENARIO: POSTDEVELOPED 
Number of Subbasins:  1 
 
 
 ---------- Subbasin : Subbasin 1 ----------  
                   -------Area(Acres) -------- 
Till Forest   0.000 
Till Pasture   0.000 
Till Grass   0.080 
Outwash Forest   0.000 
Outwash Pasture  0.000 
Outwash Grass   0.000 
Wetland   0.000 
Green Roof   0.000 
User 2    0.000 
Impervious   0.797 
---------------------------------------------- 
Subbasin Total   0.877 
 
 
 
************************* LINK DATA ******************************* 
 
----------------------SCENARIO: PREDEVELOPED 
Number of Links:  0 
 
 
************************* LINK DATA ******************************* 
 
----------------------SCENARIO: POSTDEVELOPED 
Number of Links:  1 
 
 
------------------------------------------ 
Link Name: Detention Vault                                              
Link Type:  Structure 
Downstream Link: None 
 
Prismatic Pond Option Used 
Pond Floor Elevation (ft)  :    492.00 
Riser Crest Elevation (ft)  :    498.00 
Max Pond Elevation (ft)  :    499.00 
Storage Depth (ft)  :    6.00 
Pond Bottom Length (ft)  :     87.0 
Pond Bottom Width (ft)  :     40.0 
Pond Side Slopes (ft/ft)  : L1= 0.00   L2= 0.00  W1= 0.00  W2= 0.00 
Bottom Area (sq-ft)  :    3480. 
Area at Riser Crest El (sq-ft) :    3,480. 
   (acres) :     0.080 



Volume at Riser Crest (cu-ft) :    20,880. 
   (ac-ft) :    0.479 
Area at Max Elevation  (sq-ft) :    3480. 
   (acres) :     0.080 
Vol at Max Elevation  (cu-ft) :   24,708. 
   (ac-ft) :    0.567 
 
Massmann Infiltration Option Used 
Hydraulic Conductivity (in/hr) :  0.00 
Depth to Water Table (ft)  : 100.00 
Bio-Fouling Potential  : Low 
Maintenance   : Average or Better 
 
Riser Geometry 
Riser Structure Type  : Circular 
Riser Diameter (in)  : 12.00 
Common Length (ft)  : 0.000 
Riser Crest Elevation  : 498.00 ft 
 
 Hydraulic Structure Geometry   
 
Number of Devices:    3 
 
      ---Device Number   1 --- 
Device Type  :  Circular Orifice  
Control Elevation (ft) :  492.00 
Diameter (in)  :  0.35 
Orientation   : Horizontal 
Elbow    : No 
 
      ---Device Number   2 --- 
Device Type  :  Circular Orifice  
Control Elevation (ft) :  494.00 
Diameter (in)  :  0.35 
Orientation   : Horizontal 
Elbow    : Yes 
 
      ---Device Number   3 --- 
Device Type  :  Circular Orifice  
Control Elevation (ft) :  495.00 
Diameter (in)  :  0.35 
Orientation   : Horizontal 
Elbow    : Yes 
 
 
**********************FLOOD FREQUENCY AND DURATION STATISTICS******************* 
 
----------------------SCENARIO: PREDEVELOPED 
Number of Subbasins:  1 
Number of Links:  0 
 
 
----------------------SCENARIO: POSTDEVELOPED 
Number of Subbasins:  1 
Number of Links:  1 
 



********** Subbasin: Subbasin 1 ********** 
 
 Flood Frequency Data(cfs) 
 (Recurrence Interval Computed Using Gringorten Plotting Position) 
Tr (yrs)        Flood Peak (cfs) 
====================================== 
   2-Year  0.304 
   5-Year  0.391 
   10-Year 0.456 
   25-Year 0.581 
   50-Year 0.715 
   100-Year 0.850 
   200-Year 0.875 
 
 
 
********** Link: Detention Vault                                              **********    Link Inflow Frequency Stats 
 Flood Frequency Data(cfs) 
 (Recurrence Interval Computed Using Gringorten Plotting Position) 
Tr (yrs)        Flood Peak (cfs) 
====================================== 
   2-Year  0.304 
   5-Year  0.391 
   10-Year 0.456 
   25-Year 0.581 
   50-Year 0.715 
   100-Year 0.850 
   200-Year 0.875 
 
 
 
********** Link: Detention Vault                                              **********    Link WSEL Stats 
 WSEL Frequency Data(ft) 
 (Recurrence Interval Computed Using Gringorten Plotting Position) 
Tr (yrs)        WSEL Peak (ft) 
====================================== 
   1.05-Year 494.320 
   1.11-Year 494.680 
   1.25-Year 494.923 
   2.00-Year 495.543 
   3.33-Year 496.040 
      5-Year 496.333 
     10-Year 497.185 
     25-Year 497.573 
     50-Year 497.966 
   100-Year 498.012 
 
 
 
 ***********Groundwater Recharge Summary *************  
Recharge is computed as input to Perlnd Groundwater Plus Infiltration in Structures 
 
               Total Predeveloped Recharge During Simulation 
Model Element                         Recharge Amount (ac-ft) 
----------------------------------------------------------------------------------------------- 
Subbasin: Subbasin 1           140.875 



_____________________________________ 
Total:                                   140.875 
 
             Total Post Developed Recharge During Simulation 
Model Element                         Recharge Amount (ac-ft) 
----------------------------------------------------------------------------------------------- 
Subbasin: Subbasin 1           9.777 
Link:     Detention Vault      0.000 
_____________________________________ 
Total:                                       9.777 
 
Total Predevelopment Recharge is Greater than Post Developed 
Average Recharge Per Year, (Number of Years= 158) 
Predeveloped:   0.892 ac-ft/year,  Post Developed:   0.062 ac-ft/year 
 
 ***********Water Quality Facility Data *************  
 
----------------------SCENARIO: PREDEVELOPED 
 
Number of Links:  0 
 
 
----------------------SCENARIO: POSTDEVELOPED 
 
Number of Links:  1 
 
 
********** Link: Detention Vault                                              ********** 
 
 Basic Wet Pond Volume (91% Exceedance):  3597. cu-ft 
 Computed Large Wet Pond Volume, 1.5*Basic Volume:  5396. cu-ft 
 
 
 Infiltration/Filtration Statistics-------------------- 
 Inflow Volume (ac-ft):  373.42 
 Inflow Volume Including PPT-Evap (ac-ft):  373.42 
 Total Runoff Infiltrated (ac-ft):  0.00,  0.00% 
 Total Runoff Filtered (ac-ft):  0.00,  0.00% 
 Primary Outflow To Downstream System (ac-ft):  373.31 
 Secondary Outflow To Downstream System (ac-ft):  0.00 
 Percent Treated (Infiltrated+Filtered)/Total Volume: 0.00% 
 
 
 ***********Compliance Point Results ************* 
 
Scenario Predeveloped Compliance Subbasin: Subbasin 1 
 
Scenario Postdeveloped Compliance Link: Detention Vault                                              
 
      *** Point of Compliance Flow Frequency Data ***  
      Recurrence Interval Computed Using Gringorten Plotting Position 
 
 Predevelopment Runoff   Postdevelopment Runoff 
Tr (Years) Discharge (cfs)   Tr (Years) Discharge (cfs) 
---------------------------------------------------------------------------------------------------------------------- 
   2-Year        3.191E-02  2-Year        1.230E-02 



   5-Year        4.841E-02  5-Year        1.514E-02 
   10-Year       6.229E-02  10-Year       1.756E-02 
   25-Year       7.540E-02  25-Year       1.859E-02 
   50-Year       9.379E-02  50-Year       2.338E-02 
   100-Year          0.106  100-Year      3.900E-02 
   200-Year          0.146  200-Year      9.930E-02 
 ** Record too Short to Compute Peak Discharge for These Recurrence Intervals 
 
 
**** Flow Duration Performance **** 
Excursion at Predeveloped 50%Q2 (Must be Less Than 0%):  -55.6% PASS 
Maximum Excursion from 50%Q2 to Q2 (Must be Less Than 0%):  -55.6% PASS 
Maximum Excursion from Q2 to Q50 (Must be less than 10%):  0.4% PASS 
Percent Excursion from Q2 to Q50 (Must be less than 50%):  1.3% PASS 
 
------------------------------------------------------------------------------------------------- 
MEETS ALL FLOW DURATION DESIGN CRITERIA: PASS 
------------------------------------------------------------------------------------------------- 

 



 
 

 
 

398 Via El Centro, Oceanside, CA 92058 
(469) 458-7973 • Fax (760) 433-3176 

www.biocleanenvironmental.com  

 

Date: 11/30/18 

Subject:  7985 – Harbour Reach Extension, Mukilteo, Wa 

To Whom It May Concern,  

The MWS Linear will be sized in accordance with the TAPE GULD approval for the Modular 
Wetland System. The system is sized at a loading rate of (less than or equal to) 1.0 gpm/ sq ft, 
where the pre-filter cartridges are sized at a loading rate of less than 2.1 gpm/ sq ft.  Design, 
sizing, and loading have been reviewed and approved by a Modular Wetland Representative and 
is ready for final approval.  Shown below are the calculations for this Project:  

 

MWS-L-4-6.33-V-UG - North 

 Required Treatment Flow Rate = 0.01 cfs 
 MWS-Linear-4-6 Treatment Capacity Provided = 0.01 cfs or 4.48 gpm at 2.1’ HGL 
 Pre-filter Cartridge = 1 half size cartridge 
 Surface Area per Cartridge = 12.8 sq ft 
 Loading rate (Pre-Filter Cartridge) = 0.4 gpm / sq ft 
 MWS Wetland Surface Area = 19.53 sf 
 Loading Rate (Wetland Media) = 0.2 gpm/sf 

 
MWS-L-4-6.33-V-UG - South 

 Required Treatment Flow Rate = 0.031 cfs 
 MWS-Linear-4-6 Treatment Capacity Provided = 0.031 cfs or 13.91 gpm at 2.1’ HGL 
 Pre-filter Cartridge = 1 half size cartridge 
 Surface Area per Cartridge = 12.8 sq ft 
 Loading rate (Pre-Filter Cartridge) = 1.1 gpm / sq ft 
 MWS Wetland Surface Area = 19.53 sf 
 Loading Rate (Wetland Media) = 0.7 gpm/sf 

 

If you have any questions please feel free to contact us at your convenience.  

Sincerely,   

 

Anthony J. Spolar, E.I.T. 

 



 

 

 
 
 
 
 
 
 

APPENDIX D 

Conveyance Calculations 
 

Conveyance Calculations 
Conveyance Catchment Area Maps  

Gutter Flow Calculations 
Outfall Calculations 

 

  



20150051 – Harbour Reach Extension 

 

 

 

 

 

 

 

Conveyance and Gutter Flow Calculations 

 

Objective: 

 

To analyze the capacity of proposed storm pipe systems, and to determine catch basin spacing 

 

Designer Notes 

 

• Minimum Tc = 5.00 min 

• Smooth wall pipe with manning’s coefficients of 0.012 for all pipe is used in this analysis 

• “Max El” corresponds to rim elevation at the structure 

• “Start El” corresponds to the lowest pipe invert in a particular structure 

• System is analyzed for a 100-year storm event using the Rational method, to be conservative 

• StormShed 3G model is used for analyzing the storm 

• Rainfall IDF Family Everett was used 

• Event storm precipitation values used: 

o 2-year – 1.50 in 

o 10-year – 2.00 in 

o 25-year – 2.50 in 

o 100-year – 3.00 in 

• Tailwater elevation is set to equal the top of the outlet pipe at each outfall. For detention vaults, 

tailwater elevation is set at the 50 year flood elevation 

• Rational Method was used in the gutter flow calculations. 

• Gutter flow calculations were only performed in areas determined to have significant runoff and 

the potential for larger spread widths along the gutter line. 

• Vane grate dimensions used to determine interception on continuous grade: 

o Grate Width: 1.67’ 

o Grate Length: 2.00’ 

o Typical Tc along roadway = 5.00 minutes 

o C = 0.90 (paved area) 

o Slope L = Longitudinal slope of roadway 

o Super T = Cross slope of roadway 

o Width of shoulder = shoulder width per plans 

o Zd allowable = width of bike lane plus 2’ into the  adjacent lane (but adjacent lane needs 

10’ of lane width free of water) 

  

CALCULATION REPORT 

Calculated by: Kern McGee, EIT  Date: 11/8/18 

Checked by: Max Magee, PE Date: 12/4/2018  



 

 

Appended on: Thursday, November 08, 2018 1:03:11 PM 

Layout Report: CB2 to TDA 3 Vault 

Event Precip (in) 

2 yr 24 hr 1.50 

10 year 2.00 

25 year 2.50 

100 year 3.00 

Reach Records 

Record Id: SD10 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB11 UpNode CB10 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 132.00 ft Slope 0.64% 

Up Invert 554.01 ft Dn Invert 553.16 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD11 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB12 UpNode CB11 



Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 50.00 ft Slope 4.00% 

Up Invert 553.16 ft Dn Invert 551.16 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD12 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB14 UpNode CB12 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 150.00 ft Slope 8.00% 

Up Invert 551.16 ft Dn Invert 539.16 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD13 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB12 UpNode CB13 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 36.00 ft Slope 0.61% 



Up Invert 551.38 ft Dn Invert 551.16 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD14 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB16 UpNode CB14 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 100.00 ft Slope 6.94% 

Up Invert 539.16 ft Dn Invert 532.22 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD15 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB14 UpNode CB15 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 36.00 ft Slope 0.61% 

Up Invert 539.38 ft Dn Invert 539.16 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 



2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD16 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB17 UpNode CB16 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 34.00 ft Slope 0.85% 

Up Invert 532.22 ft Dn Invert 531.93 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD17 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB19 UpNode CB17 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 147.00 ft Slope 8.18% 

Up Invert 531.93 ft Dn Invert 519.90 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 



Record Id: SD18 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB20 UpNode CB18 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 98.00 ft Slope 4.15% 

Up Invert 507.47 ft Dn Invert 503.40 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD19 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB18 UpNode CB19 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 139.00 ft Slope 8.94% 

Up Invert 519.90 ft Dn Invert 507.47 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD2 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 



Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB3 UpNode CB2 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 154.00 ft Slope 0.90% 

Up Invert 582.69 ft Dn Invert 581.30 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD20 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB21 UpNode CB20 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 84.00 ft Slope 2.38% 

Up Invert 503.40 ft Dn Invert 501.40 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD21 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB24 UpNode CB21 

Material unspecified Size 18 in Diam 



Ent Losses Groove End w/Headwall 

Length 68.00 ft Slope 4.16% 

Up Invert 501.40 ft Dn Invert 498.57 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD22 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB21 UpNode CB22 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 35.00 ft Slope 0.51% 

Up Invert 501.58 ft Dn Invert 501.40 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD23 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB25 UpNode CB23 

Material unspecified Size 18 in Diam 

Ent Losses Groove End w/Headwall 

Length 110.00 ft Slope 0.55% 

Up Invert 498.25 ft Dn Invert 497.65 ft 



Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD24 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB23 UpNode CB24 

Material unspecified Size 18 in Diam 

Ent Losses Groove End w/Headwall 

Length 61.00 ft Slope 0.52% 

Up Invert 498.57 ft Dn Invert 498.25 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD25 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB30 UpNode CB25 

Material unspecified Size 18 in Diam 

Ent Losses Groove End w/Headwall 

Length 73.00 ft Slope 1.10% 

Up Invert 497.65 ft Dn Invert 496.85 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 



Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD26 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB30 UpNode CB26 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 52.00 ft Slope 0.65% 

Up Invert 497.19 ft Dn Invert 496.85 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD27 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB63 UpNode CB27 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 46.00 ft Slope 1.63% 

Up Invert 498.60 ft Dn Invert 497.85 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD28 



Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB27 UpNode CB28 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 27.00 ft Slope 1.26% 

Up Invert 498.94 ft Dn Invert 498.60 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD29 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode TDA 3 Vault UpNode CB29 

Material unspecified Size 18 in Diam 

Ent Losses Groove End w/Headwall 

Length 8.00 ft Slope 0.50% 

Up Invert 496.54 ft Dn Invert 496.50 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD3 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  



DnNode CB4 UpNode CB3 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 129.00 ft Slope 6.36% 

Up Invert 581.30 ft Dn Invert 573.10 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD30 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB29 UpNode CB30 

Material unspecified Size 18 in Diam 

Ent Losses Groove End w/Headwall 

Length 53.00 ft Slope 0.58% 

Up Invert 496.85 ft Dn Invert 496.54 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD4 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB6 UpNode CB4 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 



Length 154.00 ft Slope 7.74% 

Up Invert 573.10 ft Dn Invert 561.18 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD5 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB4 UpNode CB5 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 50.00 ft Slope 0.60% 

Up Invert 573.40 ft Dn Invert 573.10 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD6 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB8 UpNode CB6 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 75.00 ft Slope 7.48% 

Up Invert 561.18 ft Dn Invert 555.57 ft 

Conduit Constraints 



Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD63 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB26 UpNode CB63 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 68.00 ft Slope 0.97% 

Up Invert 497.85 ft Dn Invert 497.19 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD7 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB6 UpNode CB7 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 36.00 ft Slope 0.61% 

Up Invert 561.40 ft Dn Invert 561.18 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 



 

Record Id: SD8 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB11 UpNode CB8 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 23.00 ft Slope 10.48% 

Up Invert 555.57 ft Dn Invert 553.16 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD9 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB10 UpNode CB9 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 24.00 ft Slope 0.71% 

Up Invert 554.18 ft Dn Invert 554.01 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Node Records 



Record Id: CB10 

Descrip: STA 1433, 176.70 LT Increment 0.10 ft 

Start El. 554.01 ft Max El. 558.10 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB11 

Descrip: STA 1462, 49.33 LT Increment 0.10 ft 

Start El. 553.16 ft Max El. 557.83 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB12 

Descrip: STA 1500, 18.00 LT Increment 0.10 ft 

Start El. 551.16 ft Max El. 555.43 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB13 

Descrip: STA 1500, 18.00 RT Increment 0.10 ft 

Start El. 551.38 ft Max El. 555.43 ft 



Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB14 

Descrip: STA 1650, 18.00 LT Increment 0.10 ft 

Start El. 539.16 ft Max El. 543.66 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB15 

Descrip: STA 1650, 18.00 RT Increment 0.10 ft 

Start El. 539.38 ft Max El. 543.66 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB16 

Descrip: STA 1800, 18.00 LT Increment 0.10 ft 

Start El. 532.22 ft Max El. 535.72 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  



MH/CB Type Node  

 

Record Id: CB17 

Descrip: STA 1800, 18.00 RT Increment 0.10 ft 

Start El. 531.93 ft Max El. 535.43 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB18 

Descrip: STA 1950, 18.00 LT Increment 0.10 ft 

Start El. 507.47 ft Max El. 512.47 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB19 

Descrip: STA 1950, 18.00 RT Increment 0.10 ft 

Start El. 519.90 ft Max El. 523.43 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB2 



Descrip: STA 1056, 81.04 RT Increment 0.10 ft 

Start El. 582.69 ft Max El. 586.22 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB20 

Descrip: STA 2100, 18.00 LT Increment 0.10 ft 

Start El. 503.40 ft Max El. 506.83 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB21 

Descrip: STA 2100, 18.00 RT Increment 0.10 ft 

Start El. 501.40 ft Max El. 503.99 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB22 

Descrip: STA 2199, 18.00 LT Increment 0.10 ft 

Start El. 500.92 ft Max El. 504.42 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  



  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB23 

Descrip: STA 2200, 18.00 RT Increment 0.10 ft 

Start El. 498.25 ft Max El. 502.72 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB24 

Descrip: STA 2283, 18.41 LT Increment 0.10 ft 

Start El. 498.57 ft Max El. 502.75 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB25 

Descrip: STA 2283, 18.41 RT Increment 0.10 ft 

Start El. 497.65 ft Max El. 501.73 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 



Record Id: CB26 

Descrip: STA 2488, 16.98 LT Increment 0.10 ft 

Start El. 497.19 ft Max El. 502.20 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB27 

Descrip: STA 2445, 66.94 RT Increment 0.10 ft 

Start El. 498.60 ft Max El. 502.16 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB28 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 498.94 ft Max El. 502.44 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB29 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 496.54 ft Max El. 501.25 ft 



Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB3 

Descrip: STA 1101, 62.35 LT Increment 0.10 ft 

Start El. 581.30 ft Max El. 585.32 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB30 

Descrip: STA 2401, 55.19 RT Increment 0.10 ft 

Start El. 496.85 ft Max El. 501.62 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB4 

Descrip: STA 1225, 25.78 LT Increment 0.10 ft 

Start El. 573.10 ft Max El. 577.17 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  



MH/CB Type Node  

 

Record Id: CB5 

Descrip: STA 1225, 24.00 RT Increment 0.10 ft 

Start El. 573.40 ft Max El. 577.21 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB6 

Descrip: STA 1375, 18.43 LT Increment 0.10 ft 

Start El. 561.18 ft Max El. 565.42 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB63 

Descrip: STA 2425 91.05RT Increment 0.10 ft 

Start El. 497.85 ft Max El. 502.38 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB7 



Descrip: STA 1375, 18.18 RT Increment 0.10 ft 

Start El. 561.40 ft Max El. 565.42 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB8 

Descrip: STA 1440, 48.06 LT Increment 0.10 ft 

Start El. 555.57 ft Max El. 559.34 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB9 

Descrip: STA 1415, 166.91 LT Increment 0.10 ft 

Start El. 554.18 ft Max El. 559.00 ft 

Void Ratio 100.00    

Condition Existing Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: TDA 3 Vault 

Descrip: STA 2415, 10.00 RT Increment 0.10 ft 

Start El. 497.00 ft Max El. 
498.00 

ft 

Void Ratio 100.00    



Dummy Type Node  

 

Appended on: Thursday, November 08, 2018 12:57:50 PM 

ROUTEHYD [] THRU [CB2] USING [100 yr] AND [Everett] NOTZERO 

RELATIVE RATIONAL 

Rational Method analysis 

Reac

h ID 

Area 

(ac) 

TC 

(min) 

i 

(in/hr

) 

Flow 

(cfs) 

Full Q 

(cfs) 

Full 

ratio 

nDept

h (ft) 
Size 

nVel 

(ft/s) 

fVel 

(ft/s) 

CAre

a 

SD9 0.006 5.00 3.9213 
0.021

2 
3.261 

0.006

5 
0.0575 

12 in 

Dia

m 

1.1727 4.152 B9 

SD10 
0.019

1 

5.341

1 
3.7726 

0.064

9 
3.1055 

0.020

9 
0.1001 

12 in 

Dia

m 

1.5851 3.954 B10 

SD7 0.098 5.00 3.9213 
0.345

9 
3.0226 

0.114

4 
0.2291 

12 in 

Dia

m 

2.5487 3.8485 B7 

SD5 0.145 5.00 3.9213 
0.511

7 
2.9978 

0.170

7 
0.279 

12 in 

Dia

m 

2.857 3.8169 B5 

SD2 0.049 5.00 3.9213 
0.172

9 
3.6715 

0.047

1 
0.1475 

12 in 

Dia

m 

2.398 4.6747 B2 

SD3 0.17 
6.070

3 
3.50 

0.499

1 
9.7574 

0.051

2 
0.1535 

12 in 

Dia

m 

6.5316 
12.423

5 
B3 

SD4 0.55 
6.399

5 
3.3933 

1.547

4 

10.767

1 

0.143

7 
0.2557 

12 in 

Dia

m 

9.7648 
13.709

1 
B4 

SD6 0.874 
6.662

4 
3.3142 

2.346

3 

10.584

5 

0.221

7 
0.3202 

12 in 

Dia

m 

10.819

8 

13.476

7 
B6 

SD8 0.969 
6.777

9 
3.281 

2.554

3 

12.527

6 

0.203

9 
0.3064 

12 in 

Dia

m 

12.519

2 

15.950

6 
B8 

SD11 
1.061

7 

6.808

5 
3.2724 

2.820

5 
7.7402 

0.364

4 
0.4176 

12 in 

Dia

m 

9.0784 9.8551 B11 



SD13 
0.092

1 
5.00 3.9213 

0.296

7 
3.0226 

0.098

2 
0.2116 

12 in 

Dia

m 

2.449 3.8485 B13 

SD12 
1.209

8 

6.900

3 
3.2468 

3.207

8 

10.946

3 

0.293

1 
0.371 

12 in 

Dia

m 

12.100

3 

13.937

2 
B12 

SD15 0.112 5.00 3.9213 
0.359

6 
3.0226 0.119 0.2334 

12 in 

Dia

m 

2.5812 3.8485 B15 

SD14 
1.434

8 

7.106

9 
3.1911 

3.745

1 

10.195

3 

0.367

3 
0.4196 

12 in 

Dia

m 

11.980

2 

12.981

1 
B14 

SD16 
1.510

8 
7.246 3.1551 

3.900

2 
3.5741 

1.091

2 
1.00 

12 in 

Dia

m 

4.9659 4.5507 B16 

SD17 
1.584

8 

7.360

1 
3.1263 

4.054

5 

11.071

2 

0.366

2 
0.4188 

12 in 

Dia

m 

13.000

4 

14.096

3 
B17 

SD19 
1.814

8 

7.548

6 
3.0803 

4.576

5 

11.573

1 

0.395

4 
0.4375 

12 in 

Dia

m 

13.854

7 

14.735

3 
B19 

SD18 
2.030

8 

7.715

8 
3.0411 

5.057

9 
7.884 

0.641

5 
0.5823 

12 in 

Dia

m 

10.655

9 

10.038

2 
B18 

SD20 
2.181

8 

7.869

1 
3.0062 

5.373

3 
5.9705 0.90 0.7424 

12 in 

Dia

m 

8.5939 7.6019 B20 

SD22 0.002 5.00 3.9213 
0.004

5 
2.7754 

0.001

6 
0.0302 

12 in 

Dia

m 

0.6516 3.5338 B22 

SD21 
2.296

8 
8.032 2.9703 

5.599

2 

23.272

6 

0.240

6 
0.5002 

18 in 

Dia

m 

10.852

6 

13.169

6 
B21 

SD24 
2.396

8 

8.136

4 
2.9479 

5.822

3 
8.2281 

0.707

6 
0.9318 

18 in 

Dia

m 

5.0469 4.6562 B24 

SD23 
2.490

8 

8.337

9 
2.906 

5.985

3 
8.4621 

0.707

3 
0.9316 

18 in 

Dia

m 

5.1899 4.7886 B23 

SD25 
2.637

8 

8.691

1 
2.8362 

6.216

7 

11.967

3 

0.519

5 
0.7675 

18 in 

Dia

m 

6.8325 6.7721 B25 



SD28 0.105 5.00 3.9213 
0.370

6 
4.343 

0.085

3 
0.1973 

12 in 

Dia

m 

3.3792 5.5296 B28 

SD27 0.125 
5.133

2 
3.8614 

0.434

4 
4.9416 

0.087

9 
0.2004 

12 in 

Dia

m 

3.8749 6.2919 B27 

SD63 0.169 5.331 3.7768 
0.574

4 
3.8128 

0.150

7 
0.2617 

12 in 

Dia

m 

3.508 4.8546 B63 

SD26 0.216 
5.654

1 
3.6488 

0.709

3 
3.1202 

0.227

3 
0.324 

12 in 

Dia

m 

3.2178 3.9727 B26 

SD30 
2.888

8 

8.869

2 
2.8027 

6.776

4 
8.6898 

0.779

8 
0.9967 

18 in 

Dia

m 

5.4351 4.9174 B30 

SD29 
2.994

8 

9.031

7 
2.773 

6.960

2 
8.0683 

0.862

7 
1.076 

18 in 

Dia

m 

5.1305 4.5657 B29 

HGL Analysis 

From 

Node 
To Node 

HG El 

(ft) 

App 

(ft) 

Bend 

(ft) 

Junct Loss 

(ft) 

Adjusted HG El 

(ft) 

Max El 

(ft) 

 497.576 

CB29 
TDA 3 

Vault 
498.1064 0.2283 0.0074 ------ 497.8855 501.2500 

CB30 CB29 498.5320 0.1922 0.1045 0.0175 498.4619 501.6200 

CB25 CB30 499.1189 ------ 0.1594 ------ 499.2784 501.7300 

CB23 CB25 499.7897 0.1686 0.0954 ------ 499.7165 502.7200 

CB24 CB23 500.2933 0.1559 0.0591 ------ 500.1965 502.7500 

CB21 CB24 502.7440 ------ 0.0764 0.0005 502.8209 503.9900 

CB20 CB21 505.5234 ------ 0.0052 ------ 505.5286 506.8300 

CB18 CB20 509.4500 ------ 0.0067 ------ 509.4567 512.4700 

CB19 CB18 521.6940 ------ 0.0025 ------ 521.6966 523.4300 

CB17 CB19 533.5055 ------ 0.5282 ------ 534.0337 535.4300 

CB16 CB17 534.8384 0.3531 0.5377 ------ 535.0230 535.7200 

CB14 CB16 540.6125 ------ 0.0042 0.0232 540.6400 543.6600 

CB12 CB14 552.4431 ------ 0.0570 0.0169 552.5170 555.4300 

CB11 CB12 554.3011 ------ 0.0291 0.0035 554.3337 557.8300 



CB10 CB11 554.3343 0.0214 0.0365 ------ 554.3494 558.1000 

CB9 CB10 554.3744 ------ ------ ------ 554.3744 559.0000 

CB8 CB11 556.5933 ------ 0.0433 ------ 556.6366 559.3400 

CB6 CB8 562.1548 ------ 0.3129 0.2506 562.7183 565.4200 

CB7 CB6 562.7252 ------ ------ ------ 562.7252 565.4200 

CB4 CB6 573.8297 ------ 0.1831 0.0689 574.0816 577.1700 

CB5 CB4 574.2371 ------ ------ ------ 574.2371 577.2100 

CB3 CB4 581.6695 ------ 0.0817 ------ 581.7512 585.3200 

CB2 CB3 582.9151 ------ ------ ------ 582.9151 586.2200 

CB13 CB12 552.5222 ------ ------ ------ 552.5222 555.4300 

CB15 CB14 540.6474 ------ ------ ------ 540.6474 543.6600 

CB22 CB21 502.8209 ------ ------ ------ 502.8209 504.4200 

CB26 CB30 498.4966 0.0083 0.0016 ------ 498.4899 502.2000 

CB63 CB26 498.5148 0.2331 0.0032 ------ 498.2849 502.3800 

CB27 CB63 498.9643 ------ 0.0390 ------ 499.0032 502.1600 

CB28 CB27 499.2759 ------ ------ ------ 499.2759 502.4400 

Conduit Notes 

Reach 
HW Depth 

(ft) 

HW/D 

ratio 

Q 

(cfs) 

TW Depth 

(ft) 
Dc (ft) 

Dn 

(ft) 
Comment 

SD29 1.5664 1.0443 6.96 1.0760 1.0216 1.0760 
Outlet Control M1 

Backwater 

SD30 1.6820 1.1214 6.78 1.3455 1.0079 0.9967 
Outlet Control M1 

Backwater 

SD25 1.4689 0.9793 6.22 1.6119 0.9638 0.7675 
SuperCrit flow, Inlet end 

controls 

SD23 2.1447 1.4298 5.99 1.6284 0.9447 0.9316 Outlet Control 

SD24 1.7233 1.1489 5.82 1.4665 0.9317 0.9318 
Outlet Control M1 

Backwater 

SD21 1.3440 0.8960 5.60 1.6265 0.9171 0.5002 
SuperCrit flow, Inlet end 

controls 

SD20 2.1234 2.1234 5.37 1.4209 0.9341 0.7424 
SuperCrit flow, Inlet end 

controls 

SD18 1.9800 1.9800 5.06 2.1286 0.9199 0.5823 
SuperCrit flow, Inlet end 

controls 

SD19 1.7940 1.7940 4.58 1.9867 0.8918 0.4375 
SuperCrit flow, Inlet end 

controls 



SD17 1.5755 1.5755 4.05 1.7966 0.8523 0.4188 
SuperCrit flow, Inlet end 

controls 

SD16 2.9084 2.9084 3.90 2.1037 0.8387 >D Outlet Control 

SD14 1.4525 1.4525 3.75 2.8030 0.8241 0.4196 
SuperCrit flow, Inlet end 

controls 

SD12 1.2831 1.2831 3.21 1.4800 0.7673 0.3710 
SuperCrit flow, Inlet end 

controls 

SD11 1.1411 1.1411 2.82 1.3570 0.7205 0.4176 
SuperCrit flow, Inlet end 

controls 

SD10 1.1742 1.1742 0.06 1.1737 0.1033 0.1001 Outlet Control 

SD9 0.1944 0.1944 0.02 0.3394 0.0586 0.0575 
Outlet Control M1 

Backwater 

SD8 1.0233 1.0233 2.55 1.1737 0.6850 0.3064 
SuperCrit flow, Inlet end 

controls 

SD6 0.9748 0.9748 2.35 1.0666 0.6556 0.3202 
SuperCrit flow, Inlet end 

controls 

SD7 1.5448 1.5448 0.35 1.5383 0.2426 0.2291 Outlet Control 

SD4 0.7297 0.7297 1.55 1.5383 0.5278 0.2557 
SuperCrit flow, Inlet end 

controls 

SD5 0.8371 0.8371 0.51 0.9816 0.2967 0.2790 
Outlet Control M1 

Backwater 

SD3 0.3695 0.3695 0.50 0.9816 0.2930 0.1535 
SuperCrit flow, Inlet end 

controls 

SD2 0.2251 0.2251 0.17 0.4512 0.1702 0.1475 
SuperCrit flow, Inlet end 

controls 

SD13 1.3618 1.3618 0.30 1.3570 0.2243 0.2116 Outlet Control 

SD15 1.4870 1.4870 0.36 1.4800 0.2475 0.2334 Outlet Control 

SD22 1.4209 1.4209 0.00 1.4209 0.0266 0.0302 Outlet Control 

SD26 1.6446 1.6446 0.71 1.6119 0.3513 0.3240 Outlet Control 

SD63 1.3248 1.3248 0.57 1.2999 0.3150 0.2617 Outlet Control 

SD27 0.3643 0.3643 0.43 0.4349 0.2727 0.2004 
SuperCrit flow, Inlet end 

controls 

SD28 0.3359 0.3359 0.37 0.4032 0.2514 0.1973 
SuperCrit flow, Inlet end 

controls 

 

  



Appended on: Thursday, November 08, 2018 2:23:26 PM 

Layout Report: CB61 to TDA 4 Vault 
Event Precip (in) 

2 yr 24 hr 1.50 

10 year 2.00 

25 year 2.50 

100 year 3.00 

Reach Records 

Record Id: SD55 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB56 UpNode CB55 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 44.00 ft Slope 4.45% 

Up Invert 501.96 ft Dn Invert 500.00 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD56 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode TDA 4 Vault UpNode CB56 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 56.00 ft Slope 4.46% 

Up Invert 500.00 ft Dn Invert 497.50 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 



Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD57 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB56 UpNode CB57 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 149.00 ft Slope 4.11% 

Up Invert 506.12 ft Dn Invert 500.00 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD58 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB57 UpNode CB58 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 42.00 ft Slope 0.95% 

Up Invert 506.52 ft Dn Invert 506.12 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD59 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB57 UpNode CB59 



Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 148.00 ft Slope 0.53% 

Up Invert 506.91 ft Dn Invert 506.12 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD60 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB59 UpNode CB60 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 69.00 ft Slope 0.55% 

Up Invert 507.69 ft Dn Invert 507.31 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 

2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Record Id: SD61 

Section Shape: Circular 

Uniform Flow Method: Manning's Coefficient: 0.012 

Routing Method: Travel Time Shift Contributing Hyd  

DnNode CB59 UpNode CB61 

Material unspecified Size 12 in Diam 

Ent Losses Groove End w/Headwall 

Length 77.00 ft Slope 0.55% 

Up Invert 507.33 ft Dn Invert 506.91 ft 

Conduit Constraints 

Min Vel Max Vel Min Slope Max Slope Min Cover 



2.00 ft/s 15.00 ft/s 0.50% 2.00% 3.00 ft 
 

Drop across MH 0.00 ft Ex/Infil Rate 0.00 in/hr 

 

Node Records 

Record Id: CB55 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 501.96 ft Max El. 506.04 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB56 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 500.00 ft Max El. 506.04 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB57 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 506.12 ft Max El. 509.99 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB58 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 506.52 ft Max El. 510.03 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  



  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB59 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 506.91 ft Max El. 511.56 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB60 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 507.69 ft Max El. 511.19 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: CB61 

Descrip: Prototype Record Increment 0.10 ft 

Start El. 507.33 ft Max El. 510.83 ft 

Void Ratio 100.00    

Condition Proposed Structure Type CB-TYPE 1  

  Channelization No Special Shape  

Catch 0.00 ft Bottom Area 3.97 sf  

MH/CB Type Node  

 

Record Id: TDA 4 Vault 

Descrip:  Increment 0.00 ft 

Start El. 497.00 ft Max El. 
498.00 

ft 

Void Ratio 100.00    



Dummy Type Node  

 

Appended on: Thursday, November 08, 2018 2:22:35 PM 

ROUTEHYD [] THRU [CB62-2] USING [100 yr] AND [Everett] NOTZERO 

RELATIVE RATIONAL 

Rational Method analysis 

Reach 

ID 

Area 

(ac) 

TC 

(min) 

i 

(in/hr) 

Flow 

(cfs) 

Full Q 

(cfs) 

Full 

ratio 

nDepth 

(ft) 
Size 

nVel 

(ft/s) 

fVel 

(ft/s) 
CArea 

SD58 0.142 5.00 3.9213 0.4629 3.7769 0.1226 0.2366 
12 in 

Diam 
3.2593 4.8088 B58 

SD61 0.104 5.00 3.9213 0.3619 2.8584 0.1266 0.2402 
12 in 

Diam 
2.4941 3.6394 B61 

SD60 0.107 5.00 3.9213 0.3725 2.872 0.1297 0.2431 
12 in 

Diam 
2.5236 3.6567 B60 

SD59 0.243 5.5145 3.7026 0.7929 2.8276 0.2804 0.3622 
12 in 

Diam 
3.0889 3.6002 B59 

SD57 0.497 6.3131 3.4205 1.4566 7.8434 0.1857 0.292 
12 in 

Diam 
7.6313 9.9865 B57 

SD55 0.126 5.00 3.9213 0.4013 8.164 0.0492 0.1506 
12 in 

Diam 
5.4023 10.3947 B55 

SD56 0.748 6.6385 3.3212 2.0934 8.1771 0.256 0.345 
12 in 

Diam 
8.715 10.4114 B56 

HGL Analysis 

From 

Node 
To Node 

HG El 

(ft) 

App 

(ft) 

Bend 

(ft) 

Junct Loss 

(ft) 

Adjusted HG El 

(ft) 

Max El 

(ft) 

 498.1186 

CB56 
TDA 4 

Vault 
500.9131 ------ 0.0298 0.1841 501.1270 506.0400 

CB57 CB56 506.8394 ------ 0.0009 0.0559 506.8963 509.9900 

CB58 CB57 507.0703 ------ ------ ------ 507.0703 510.0300 

No approach losses at node CB60 because inverts and/or crowns are offset. 

CB59 CB57 507.4251 ------ 0.0216 0.0536 507.5003 511.5600 

CB61 CB59 507.6652 ------ ------ ------ 507.6652 510.8300 

CB60 CB59 508.0304 ------ ------ ------ 508.0304 511.1900 



CB55 CB56 502.2948 ------ ------ ------ 502.2948 506.0400 

Conduit Notes 

Reach 
HW Depth 

(ft) 

HW/D 

ratio 

Q 

(cfs) 

TW Depth 

(ft) 
Dc (ft) 

Dn 

(ft) 
Comment 

SD56 0.9131 0.9131 2.09 0.6186 0.6186 0.3450 
SuperCrit flow, Inlet end 

controls 

SD57 0.7194 0.7194 1.46 1.1270 0.5114 0.2920 
SuperCrit flow, Inlet end 

controls 

SD58 0.5503 0.5503 0.46 0.7763 0.2819 0.2366 
Outlet Control M1 

Backwater 

SD59 0.5151 0.5151 0.79 0.7763 0.3723 0.3622 
SuperCrit flow, Inlet end 

controls 

SD61 0.3352 0.3352 0.36 0.5903 0.2483 0.2402 
SuperCrit flow, Inlet end 

controls 

SD60 0.3404 0.3404 0.37 0.2521 0.2521 0.2431 
SuperCrit flow, Inlet end 

controls 

SD55 0.3348 0.3348 0.40 1.1270 0.2619 0.1506 
SuperCrit flow, Inlet end 

controls 

 

 



Beverly Pk to S Rd

INLET SPACING - CURB AND GUTTER SPREADSHEET (ENGLISH UNITS)

Tc = 5.00 Existing cb Project Name:Harbour Reach Extension - Beverly Park Rd to South Rd

C = 0.90 Important Project #: 20150051

I = 2.50 Proposed cb S.R.: N/A

m= 6.31 High Point Calculated By:James Lee Checked by Max Magee WSDOT Classification Map *Depth not to exceed 0.12' at shoulder

n= 0.58 Another Sheet Date: 10/31/2018 Date 12/6/2018 Proposed Urban Major Collector 13.5' spread at T=2%

Instructions: Red Text is automatically calculated.  Black Text should be input by designer.  Move mouse over column titles for a detailed description of each entry. Zd = Shoulder + 1/2 Driving Lane (5' bike lane+3' buffer+5.5' lane=13.5') 11.5' spread at T=3.2%

Station Distance Width ∆ Q Σ Q Slope L Super T G.W. G.L. d Zd Qbp** Vcontinuous** Vside** Eo Rs E Qi Qbp** Allowable Spread Zd  Check Velocity Check Qbp Check Comments (L/R)

Flowing North (RT)

10+50.00  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------   --------------  -------------  -------------  ------------- High Point

10+75.00 25 45.00 0.06 0.06 0.040 0.020 0.04 1.88 0.06  13.50 OK, Zd ALLOWABLE > Zd DESIGN

11+00.00 25 41.00 0.05 0.11 0.047 0.020 0.05 2.32 0.11  13.50 OK, Zd ALLOWABLE > Zd DESIGN

11+25.00 25 37.00 0.05 0.16 0.051 0.020 0.05 2.61 0.16  13.50 OK, Zd ALLOWABLE > Zd DESIGN

11+50.00 25 33.50 0.04 0.20 0.057 0.020 0.06 2.80 0.20  13.50 OK, Zd ALLOWABLE > Zd DESIGN

11+75.00 25 30.50 0.04 0.24 0.062 0.020 0.06 2.94 0.24  13.50 OK, Zd ALLOWABLE > Zd DESIGN

12+00.00 25 30.50 0.04 0.28 0.071 0.020 0.06 3.04 0.28  13.50 OK, Zd ALLOWABLE > Zd DESIGN

12+25.00 25 30.50 0.04 0.32 0.074 0.020 1.67 2.00 0.06 3.17 0.04 3.55  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

12+50.00 25 30.00 0.04 0.08 0.079 0.020 0.04 1.88 0.08  13.50 OK, Zd ALLOWABLE > Zd DESIGN

12+75.00 25 29.00 0.04 0.12 0.080 0.020 0.04 2.16 0.12  13.50 OK, Zd ALLOWABLE > Zd DESIGN

13+00.00 25 28.60 0.04 0.16 0.080 0.020 0.05 2.39 0.16  13.50 OK, Zd ALLOWABLE > Zd DESIGN

13+25.00 25 28.50 0.04 0.19 0.080 0.020 0.05 2.58 0.19  13.50 OK, Zd ALLOWABLE > Zd DESIGN

13+50.00 25 28.50 0.04 0.23 0.080 0.020 0.06 2.76 0.23  13.50 OK, Zd ALLOWABLE > Zd DESIGN

13+75.00 25 24.50 0.03 0.26 0.080 0.020 1.67 2.00 0.06 2.89 0.03 3.43  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

14+00.00 25 24.50 0.03 0.06 0.080 0.020 0.03 1.64 0.06  13.50 OK, Zd ALLOWABLE > Zd DESIGN

14+25.00 25 24.50 0.03 0.09 0.080 0.020 0.04 1.94 0.09  13.50 OK, Zd ALLOWABLE > Zd DESIGN

14+50.00 25 24.50 0.03 0.12 0.080 0.020 0.04 2.17 0.12  13.50 OK, Zd ALLOWABLE > Zd DESIGN

14+75.00 25 24.50 0.03 0.15 0.080 0.020 0.05 2.36 0.15  13.50 OK, Zd ALLOWABLE > Zd DESIGN

15+00.00 25 24.50 0.03 0.18 0.080 0.020 1.67 2.00 0.05 2.54 0.01 3.06  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

15+25.00 25 24.50 0.03 0.04 0.080 0.020 0.03 1.46 0.04  13.50 OK, Zd ALLOWABLE > Zd DESIGN

15+50.00 25 24.50 0.03 0.07 0.080 0.020 0.04 1.80 0.07  13.50 OK, Zd ALLOWABLE > Zd DESIGN

15+75.00 25 24.50 0.03 0.11 0.080 0.020 0.04 2.06 0.11  13.50 OK, Zd ALLOWABLE > Zd DESIGN

16+00.00 25 24.50 0.03 0.14 0.080 0.020 0.05 2.27 0.14  13.50 OK, Zd ALLOWABLE > Zd DESIGN

16+25.00 25 24.50 0.03 0.17 0.080 0.020 0.05 2.45 0.17  13.50 OK, Zd ALLOWABLE > Zd DESIGN

16+50.00 25 24.50 0.03 0.20 0.080 0.020 1.67 2.00 0.05 2.62 0.01 3.15  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

16+75.00 25 24.50 0.03 0.04 0.080 0.020 0.03 1.49 0.04  13.50 OK, Zd ALLOWABLE > Zd DESIGN

17+00.00 25 24.50 0.03 0.08 0.080 0.020 0.04 1.82 0.08  13.50 OK, Zd ALLOWABLE > Zd DESIGN

17+25.00 25 24.50 0.03 0.11 0.080 0.020 0.04 2.08 0.11  13.50 OK, Zd ALLOWABLE > Zd DESIGN

17+50.00 25 24.50 0.03 0.14 0.080 0.020 0.05 2.29 0.14  13.50 OK, Zd ALLOWABLE > Zd DESIGN Normal Crown

17+75.00 25 49.00 0.06 0.20 0.080 0.020 0.05 2.63 0.20  13.50 OK, Zd ALLOWABLE > Zd DESIGN LT Level Crown

18+00.00 25 49.00 0.06 0.27 0.080 0.026 1.67 2.00 0.06 2.47 0.01 3.57  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

18+25.00 25 49.00 0.06 0.08 0.080 0.032 0.04 1.36 0.08  11.50 OK, Zd ALLOWABLE > Zd DESIGN Full Super

18+50.00 25 49.00 0.06 0.14 0.080 0.032 0.05 1.70 0.14  11.50 OK, Zd ALLOWABLE > Zd DESIGN

18+75.00 25 49.00 0.06 0.20 0.080 0.032 0.06 1.96 0.20  11.50 OK, Zd ALLOWABLE > Zd DESIGN

19+00.00 25 49.00 0.06 0.27 0.080 0.032 0.07 2.17 0.27  11.50 OK, Zd ALLOWABLE > Zd DESIGN

19+25.00 25 49.00 0.06 0.33 0.080 0.032 0.08 2.35 0.33  11.50 OK, Zd ALLOWABLE > Zd DESIGN

19+50.00 25 49.00 0.06 0.39 0.080 0.032 1.67 2.00 0.08 2.51 0.02 4.15  11.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

19+75.00 25 49.00 0.06 0.08 0.080 0.032 0.05 1.41 0.08  11.50 OK, Zd ALLOWABLE > Zd DESIGN

20+00.00 25 49.00 0.06 0.15 0.075 0.032 0.06 1.76 0.15  11.50 OK, Zd ALLOWABLE > Zd DESIGN

20+25.00 25 49.00 0.06 0.21 0.070 0.032 0.07 2.04 0.21  11.50 OK, Zd ALLOWABLE > Zd DESIGN

20+50.00 25 49.00 0.06 0.27 0.065 0.032 0.07 2.28 0.27  11.50 OK, Zd ALLOWABLE > Zd DESIGN

20+75.00 25 49.00 0.06 0.34 0.060 0.032 0.08 2.51 0.34  11.50 OK, Zd ALLOWABLE > Zd DESIGN

21+00.00 25 49.00 0.06 0.40 0.055 0.032 1.67 2.00 0.09 2.72 0.03 3.67  11.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

21+25.00 25 49.00 0.06 0.09 0.050 0.032 0.05 1.61 0.09  11.50 OK, Zd ALLOWABLE > Zd DESIGN

21+50.00 25 49.00 0.06 0.16 0.039 0.032 0.07 2.04 0.16  11.50 OK, Zd ALLOWABLE > Zd DESIGN

21+75.00 25 50.00 0.06 0.22 0.034 0.032 0.08 2.39 0.22  11.50 OK, Zd ALLOWABLE > Zd DESIGN Full Super

22+00.00 25 51.00 0.07 0.29 0.030 0.030 1.67 2.00 0.08 2.80 0.03 2.68  11.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

22+25.00 25 53.00 0.07 0.09 0.023 0.020 0.05 2.49 0.09  13.50 OK, Zd ALLOWABLE > Zd DESIGN LT Level Crown

22+50.00 25 57.00 0.07 0.17 0.020 0.020 0.06 3.19 0.17  13.50 OK, Zd ALLOWABLE > Zd DESIGN Normal Crown

22+75.00 25 27.00 0.03 0.20 0.016 0.020 0.07 3.54 0.20  13.50 OK, Zd ALLOWABLE > Zd DESIGN

22+83.00 8 27.00 0.01 0.21 0.014 0.020 1.67 2.00 0.07 3.71 0.04 1.78 1.54 0.80 0.23 0.84 0.18 0.03 13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

23+00.00 17 25.00 0.02 0.06 0.013 0.020 0.05 2.27 0.06  13.50 OK, Zd ALLOWABLE > Zd DESIGN

23+25.00 25 27.00 0.03 0.09 0.014 0.020 0.05 2.70 0.09  13.50 OK, Zd ALLOWABLE > Zd DESIGN

23+50.00 25 34.00 0.04 0.13 0.001 0.020 0.10 5.12 0.13  13.50 OK, Zd ALLOWABLE > Zd DESIGN

23+75.00 25 45.00 0.06 0.19 0.012 0.020 1.67 2.00 0.07 3.65 0.04 1.64 1.43 0.80 0.26 0.85 0.16 0.03 13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

23+90.00 15 60.00 0.05 0.07 0.07  13.50 OK, Qbp < 0.1 CFS Flow into RB
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Beverly Pk to S Rd

INLET SPACING - CURB AND GUTTER SPREADSHEET (ENGLISH UNITS)

Tc = 5.00 Existing cb Project Name:Harbour Reach Extension - Beverly Park Rd to South Rd

C = 0.90 Important Project #: 20150051

I = 2.50 Proposed cb S.R.: N/A

m= 6.31 High Point Calculated By:James Lee Checked by Max Magee WSDOT Classification Map *Depth not to exceed 0.12' at shoulder

n= 0.58 Another Sheet Date: 10/31/2018 Date 12/6/2018 Proposed Urban Major Collector 13.5' spread at T=2%

Instructions: Red Text is automatically calculated.  Black Text should be input by designer.  Move mouse over column titles for a detailed description of each entry. Zd = Shoulder + 1/2 Driving Lane (5' bike lane+3' buffer+5.5' lane=13.5') 11.5' spread at T=3.2%

Station Distance Width ∆ Q Σ Q Slope L Super T G.W. G.L. d Zd Qbp** Vcontinuous** Vside** Eo Rs E Qi Qbp** Allowable Spread Zd  Check Velocity Check Qbp Check Comments (L/R)

Flowing North (LT)

10+75.00  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------   --------------  -------------  -------------  ------------- High Point

11+00.00 25 53.00 0.07 0.07 0.047 0.020 0.04 1.93 0.07  13.50 OK, Zd ALLOWABLE > Zd DESIGN

11+25.00 25 44.00 0.06 0.13 0.051 0.020 0.05 2.39 0.13  13.50 OK, Zd ALLOWABLE > Zd DESIGN

11+50.00 25 40.00 0.05 0.18 0.057 0.020 0.05 2.66 0.18  13.50 OK, Zd ALLOWABLE > Zd DESIGN

11+75.00 25 37.00 0.05 0.22 0.062 0.020 0.06 2.86 0.22  13.50 OK, Zd ALLOWABLE > Zd DESIGN

12+00.00 25 35.00 0.05 0.27 0.071 0.020 0.06 2.99 0.27  13.50 OK, Zd ALLOWABLE > Zd DESIGN

12+25.00 25 32.00 0.04 0.31 0.074 0.020 1.67 2.00 0.06 3.14 0.04 3.52  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

12+50.00 25 30.00 0.04 0.08 0.079 0.020 0.04 1.86 0.08  13.50 OK, Zd ALLOWABLE > Zd DESIGN

12+75.00 25 30.00 0.04 0.12 0.080 0.020 0.04 2.15 0.12  13.50 OK, Zd ALLOWABLE > Zd DESIGN

13+00.00 25 29.00 0.04 0.16 0.080 0.020 0.05 2.38 0.16  13.50 OK, Zd ALLOWABLE > Zd DESIGN

13+25.00 25 29.00 0.04 0.19 0.080 0.020 0.05 2.58 0.19  13.50 OK, Zd ALLOWABLE > Zd DESIGN

13+50.00 25 29.00 0.04 0.23 0.080 0.020 0.06 2.76 0.23  13.50 OK, Zd ALLOWABLE > Zd DESIGN

13+75.00 25 25.00 0.03 0.26 0.080 0.020 1.67 2.00 0.06 2.90 0.03 3.43  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

14+00.00 25 25.00 0.03 0.06 0.080 0.020 0.03 1.65 0.06  13.50 OK, Zd ALLOWABLE > Zd DESIGN

14+25.00 25 25.00 0.03 0.09 0.080 0.020 0.04 1.95 0.09  13.50 OK, Zd ALLOWABLE > Zd DESIGN

14+50.00 25 25.00 0.03 0.12 0.080 0.020 0.04 2.18 0.12  13.50 OK, Zd ALLOWABLE > Zd DESIGN

14+75.00 25 25.00 0.03 0.16 0.080 0.020 0.05 2.38 0.16  13.50 OK, Zd ALLOWABLE > Zd DESIGN

15+00.00 25 25.00 0.03 0.19 0.080 0.020 1.67 2.00 0.05 2.55 0.01 3.08  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

15+25.00 25 25.00 0.03 0.04 0.080 0.020 0.03 1.47 0.04  13.50 OK, Zd ALLOWABLE > Zd DESIGN

15+50.00 25 25.00 0.03 0.08 0.080 0.020 0.04 1.82 0.08  13.50 OK, Zd ALLOWABLE > Zd DESIGN

15+75.00 25 25.00 0.03 0.11 0.080 0.020 0.04 2.07 0.11  13.50 OK, Zd ALLOWABLE > Zd DESIGN

16+00.00 25 25.00 0.03 0.14 0.080 0.020 0.05 2.29 0.14  13.50 OK, Zd ALLOWABLE > Zd DESIGN

16+25.00 25 25.00 0.03 0.17 0.080 0.020 0.05 2.47 0.17  13.50 OK, Zd ALLOWABLE > Zd DESIGN

16+50.00 25 25.00 0.03 0.20 0.080 0.020 1.67 2.00 0.05 2.64 0.01 3.17  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

16+75.00 25 25.00 0.03 0.05 0.080 0.020 0.03 1.51 0.05  13.50 OK, Zd ALLOWABLE > Zd DESIGN

17+00.00 25 25.00 0.03 0.08 0.080 0.020 0.04 1.84 0.08  13.50 OK, Zd ALLOWABLE > Zd DESIGN

17+25.00 25 25.00 0.03 0.11 0.080 0.015 0.04 2.51 0.11  13.50 OK, Zd ALLOWABLE > Zd DESIGN

17+50.00 25 25.00 0.03 0.14 0.080 0.002 1.67 2.00 0.02 9.73 0.09 1.90  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC OK, Qbp < 0.1 CFS Normal Crown

 

Flowing North (LT)

22+25.00  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------   --------------  -------------  -------------  ------------- LT Level Crown

22+50.00 28 19.00 0.03 0.03 0.020 0.001 0.01 10.53 0.03  13.50 OK, Zd ALLOWABLE > Zd DESIGN Normal Crown

22+75.00 25 19.00 0.02 0.05 0.016 0.011 0.03 3.09 0.05  13.50 OK, Zd ALLOWABLE > Zd DESIGN

22+83.00 26 19.00 0.03 0.08 0.014 0.020 0.05 2.53 0.08  13.50 OK, Zd ALLOWABLE > Zd DESIGN

23+00.00 27 19.00 0.03 0.10 0.013 0.020 0.06 2.88 0.10  13.50 OK, Zd ALLOWABLE > Zd DESIGN

23+25.00 30 19.00 0.03 0.13 0.014 0.020 0.06 3.13 0.13  13.50 OK, Zd ALLOWABLE > Zd DESIGN

23+50.00 35 19.00 0.03 0.17 0.001 0.020 0.11 5.57 0.17  13.50 OK, Zd ALLOWABLE > Zd DESIGN

23+75.00 25 19.00 0.02 0.19 0.012 0.020 1.67 2.00 0.07 3.65 0.04 1.64 1.43 0.80 0.26 0.85 0.16 0.03 13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC OK, Qbp < 0.1 CFS

 

**FOR LAST GRATE ON RUN OF GUTTER, IF SPREADSHEET SHOWS A VALUE FOR Vside, CHECK Vside AND Qbp (COLUMN S) FOR COMPLIANCE.  OTHERWISE, CHECK Vcontinuous AND Qbp (COLUMN L) FOR COMPLIANCE.
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Harbour Pt to Blue Heron

INLET SPACING - CURB AND GUTTER SPREADSHEET (ENGLISH UNITS)

Tc = 5.00 Existing cb Project Name:Harbour Reach Extension - Harbour Pointe Blvd to Blue Heron Blvd

C = 0.90 Important Project #: 20150051

I = 2.50 Proposed cb S.R.: N/A

m= 6.31 High Point Calculated By:James Lee Checked By Max Magee WSDOT Classification Map *Depth not to exceed 0.12' at shoulder

n= 0.58 Another Sheet Date: 10/31/2018 Date; 12/6/2018 Proposed Urban Major Collector 13.5' spread at T=2%

Instructions: Red Text is automatically calculated.  Black Text should be input by designer.  Move mouse over column titles for a detailed description of each entry. Zd = Shoulder + 1/2 Driving Lane (5' bike lane+3' buffer+5.5' lane=13.5')

Station Distance Width ∆ Q Σ Q Slope L Super T G.W. G.L. d Zd Qbp** Vcontinuous** Vside** Eo Rs E Qi Qbp** Allowable Spread Zd  Check Velocity Check Qbp Check Comments (L/R)

Flowing South (RT)

47+00.00  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------   --------------  -------------  -------------  ------------- High Point

46+75.00 25 37.00 0.05 0.05 0.025 0.020 1.67 2.00 0.04 1.91 0.00 1.33  7.00 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

46+00.00 75 32.50 0.13 0.13 0.027 0.020 0.05 2.71 0.13  13.50 OK, Zd ALLOWABLE > Zd DESIGN

45+50.00 50 32.50 0.08 0.21 0.027 0.020 0.07 3.28 0.21  13.50 OK, Zd ALLOWABLE > Zd DESIGN

45+25.00 25 30.00 0.04 0.25 0.027 0.020 0.07 3.49 0.25  13.50 OK, Zd ALLOWABLE > Zd DESIGN

45+00.00 25 28.00 0.04 0.29 0.027 0.020 1.67 2.00 0.07 3.67 0.06 2.41  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

44+75.00 25 28.00 0.04 0.09 0.027 0.020 0.05 2.41 0.09  13.50 OK, Zd ALLOWABLE > Zd DESIGN

44+50.00 25 27.50 0.04 0.13 0.027 0.020 0.05 2.72 0.13  13.50 OK, Zd ALLOWABLE > Zd DESIGN

44+25.00 25 27.50 0.04 0.16 0.027 0.020 0.06 2.98 0.16  13.50 OK, Zd ALLOWABLE > Zd DESIGN

44+00.00 25 27.50 0.04 0.20 0.027 0.020 0.06 3.21 0.20  13.50 OK, Zd ALLOWABLE > Zd DESIGN

43+75.00 25 27.25 0.04 0.23 0.027 0.020 1.67 2.00 0.07 3.41 0.04 2.27  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

43+50.00 25 27.00 0.03 0.07 0.027 0.020 0.04 2.21 0.07  13.50 OK, Zd ALLOWABLE > Zd DESIGN

43+25.00 25 26.50 0.03 0.11 0.027 0.020 0.05 2.55 0.11  13.50 OK, Zd ALLOWABLE > Zd DESIGN

43+00.00 25 26.00 0.03 0.14 0.024 0.020 0.06 2.88 0.14  13.50 OK, Zd ALLOWABLE > Zd DESIGN

42+75.00 25 26.00 0.03 0.18 0.018 0.020 0.07 3.29 0.18  13.50 OK, Zd ALLOWABLE > Zd DESIGN

42+50.00 25 26.00 0.03 0.21 0.017 0.020 0.07 3.57 0.21  13.50 OK, Zd ALLOWABLE > Zd DESIGN

42+25.00 25 26.00 0.03 0.24 0.013 0.020 1.67 2.00 0.08 3.95 0.06 1.80 1.55 0.77 0.23 0.82 0.20 0.04 13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

42+00.00 25 26.00 0.03 0.08 0.013 0.020 0.05 2.57 0.08  13.50 OK, Zd ALLOWABLE > Zd DESIGN

41+75.00 25 26.00 0.03 0.11 0.009 0.020 0.06 3.15 0.11  13.50 OK, Zd ALLOWABLE > Zd DESIGN

41+50.00 25 26.00 0.03 0.14 0.008 0.020 0.07 3.56 0.14  13.50 OK, Zd ALLOWABLE > Zd DESIGN

41+25.00 25 26.00 0.03 0.18 0.008 0.020 0.08 3.85 0.18  13.50 OK, Zd ALLOWABLE > Zd DESIGN

41+21.00 4 26.00 0.01 0.18 0.008 0.020 1.67 2.00 0.08 3.89 0.04 1.39 1.20 0.78 0.32 0.85 0.15 0.03 13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC OK, Qbp < 0.1 CFS

Flowing South (LT)

47+00.00  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------  -------------   --------------  -------------  -------------  ------------- High Point

46+75.00 25 36.00 0.05 0.05 0.025 0.020 1.67 2.00 0.04 1.89 0.00 1.32  7.00 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

46+50.00 25 34.00 0.04 0.04 0.027 0.020 0.04 1.82 0.04  13.50 OK, Zd ALLOWABLE > Zd DESIGN

46+25.00 25 33.00 0.04 0.09 0.027 0.020 0.05 2.35 0.09  13.50 OK, Zd ALLOWABLE > Zd DESIGN

46+00.00 25 31.00 0.04 0.13 0.027 0.020 0.05 2.71 0.13  13.50 OK, Zd ALLOWABLE > Zd DESIGN

45+75.00 25 30.00 0.04 0.17 0.027 0.020 0.06 3.00 0.17  13.50 OK, Zd ALLOWABLE > Zd DESIGN

45+50.00 25 28.00 0.04 0.20 0.027 0.020 0.06 3.23 0.20  13.50 OK, Zd ALLOWABLE > Zd DESIGN

45+25.00 25 27.50 0.04 0.24 0.027 0.020 0.07 3.43 0.24  13.50 OK, Zd ALLOWABLE > Zd DESIGN

45+00.00 25 27.50 0.04 0.27 0.027 0.020 1.67 2.00 0.07 3.61 0.05 2.38  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

44+00.00 100 27.50 0.14 0.19 0.027 0.020 0.06 3.18 0.19  13.50 OK, Zd ALLOWABLE > Zd DESIGN

43+50.00 50 28.00 0.07 0.27 0.027 0.020 1.67 2.00 0.07 3.58 0.05 2.36  13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

43+25.00 25 29.00 0.04 0.09 0.027 0.020 0.05 2.36 0.09  13.50 OK, Zd ALLOWABLE > Zd DESIGN

43+00.00 25 29.00 0.04 0.12 0.027 0.020 0.05 2.70 0.12  13.50 OK, Zd ALLOWABLE > Zd DESIGN

42+75.00 25 29.00 0.04 0.16 0.024 0.020 0.06 3.03 0.16  13.50 OK, Zd ALLOWABLE > Zd DESIGN

42+50.00 25 30.00 0.04 0.20 0.018 0.020 0.07 3.46 0.20  13.50 OK, Zd ALLOWABLE > Zd DESIGN

42+25.00 25 30.00 0.04 0.24 0.017 0.020 0.08 3.76 0.24  13.50 OK, Zd ALLOWABLE > Zd DESIGN

42+00.00 25 30.00 0.04 0.28 0.013 0.020 0.08 4.16 0.28  13.50 OK, Zd ALLOWABLE > Zd DESIGN

41+75.00 25 30.00 0.04 0.32 0.013 0.020 0.09 4.39 0.32  13.50 OK, Zd ALLOWABLE > Zd DESIGN

41+52.00 23 30.00 0.04 0.35 0.009 0.020 1.67 2.00 0.10 4.88 0.12 1.76 1.47 0.67 0.25 0.75 0.27 0.09 13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC

41+50.00 2 30.00 0.00 0.09 0.008 0.020 0.06 2.98 0.09  13.50 OK, Zd ALLOWABLE > Zd DESIGN

41+25.00 25 30.00 0.04 0.13 0.008 0.020 1.67 2.00 0.07 3.41 0.02 1.25 1.10 0.83 0.36 0.89 0.12 0.01 13.50 OK, Zd ALLOWABLE > Zd DESIGN OK, VELOCITY < 5 FT/SEC OK, Qbp < 0.1 CFS

**FOR LAST GRATE ON RUN OF GUTTER, IF SPREADSHEET SHOWS A VALUE FOR Vside, CHECK Vside AND Qbp (COLUMN S) FOR COMPLIANCE.  OTHERWISE, CHECK Vcontinuous AND Qbp (COLUMN L) FOR COMPLIANCE.
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max.magee
Callout
Post 100% design, the pipe material and weight were changed to 18" DIPS HDPE SDR 32.5, which weighs 15.69 lb/ft.  This results in even less force of pipe downhill, so the calcs were not rerun.



max.magee
Callout
Post 100% design, the pipe material and weight were changed to 12" DIPS HDPE SDR 32.5, which weighs 7.19 lb/ft.  This results in even less force of pipe downhill, so the calcs were not rerun.



 

 

 
 
 
 
 
 
 

APPENDIX E 

Geotechnical Report Excerpt 
 

  



























































































 

 

 
 
 
 
 
 
 

APPENDIX F 

Inspection and Maintenance Documentation 
 
 
  



Table VTable VTable VTable V----4.5.2(5)4.5.2(5)4.5.2(5)4.5.2(5)....     MaintenanceMaintenanceMaintenanceMaintenance    Standards Standards Standards Standards ––––    Catch BasinsCatch BasinsCatch BasinsCatch Basins....    

Maintenance Maintenance Maintenance Maintenance 

ComponentComponentComponentComponent    DefectDefectDefectDefect    Conditions When Maintenance is NeededConditions When Maintenance is NeededConditions When Maintenance is NeededConditions When Maintenance is Needed    

Results Expected Results Expected Results Expected Results Expected 

When When When When 

Maintenance is Maintenance is Maintenance is Maintenance is 

PerformedPerformedPerformedPerformed    

General Trash and Debris Trash or debris which is located immediately in front of the 
catch basin opening or is blocking inletting capacity of the 
basin by more than 10%. 
 
 
 
 
Trash or debris (in the basin) that exceeds 60 percent of 
the sump depth as measured from the bottom of basin to 
invert of the lowest pipe into or out of the basin, but in no 
case less than a minimum of six inches clearance from the 
debris surface to the invert of the lowest pipe. 
 
Trash or debris in any inlet or outlet pipe blocking more 
than 1/3 of its height. 
 
 
Dead animals or vegetation that could generate odors that 
could cause complaints or dangerous gases (e.g., 
methane). 

No trash or 
debris located 
immediately in 
front of catch 
basin or on grate 
opening. 
 
No trash or 
debris in the 
catch basin. 
 
 

 
Inlet and outlet 
pipes free of 
trash or debris. 
 
No dead animals 
or vegetation 
present within 
the catch basin. 

Sediment Sediment (in the basin) that exceeds 60 percent of the 
sump depth as measured from the bottom of basin to 
invert of the lowest pipe into or out of the basin, but in no 
case less than a minimum of 6 inches clearance from the 
sediment surface to the invert of the lowest pipe. 

No sediment in 
the catch basin 

Structure 
Damage to Frame 
and/or Top Slab 

Top slab has holes larger than 2 square inches or cracks 
wider than 1/4 inch. (Intent is to make sure no material is 
running into basin).  
 
Frame not sitting flush on top slab, i.e., separation of more 
than 3/4 inch of the frame from the top slab. Frame not 
securely attached. 

Top slab is free 
of holes and 
cracks. 

 
Frame is sitting 
flush on the riser 
rings or top slab 
and firmly 
attached. 

Fractures or 
Cracks in Basin 
Walls/Bottom 

Maintenance person judges that structure is unsound. 
 
 
 
 
Grout fillet has separated or cracked wider than 1/2 inch 
and longer than 1 foot at the joint of any inlet/outlet pipe 
or any evidence of soil particles entering catch basin 
through cracks. 

Basin replaced or 
repaired to 
design 
standards. 
 
Pipe is regrouted 
and secure at 
basin wall. 



Settlement/ 
Misalignment 

If failure of basin has created a safety, function, or design 
problem. 

Basin replaced or 
repaired to 
design 
standards. 

Vegetation Vegetation growing across and blocking more than 10% 
of the basin opening. 
 
 
Vegetation growing in inlet/outlet pipe joints that is more 
than six inches tall and less than six inches apart. 

No vegetation 
blocking opening 
to basin. 

 
No vegetation or 
root growth 
present. 

Contamination 
and Pollution 

See "Detention Ponds" (No. 1). No pollution 
present. 

Catch Basin 
Cover 

Cover Not in 
Place 

Cover is missing or only partially in place. Any open catch 
basin requires maintenance. 

Catch basin 
cover is closed 

Locking 
Mechanism Not 
Working 

Mechanism cannot be opened by one maintenance 
person with proper tools. Bolts into frame have less than 
1/2 inch of thread. 

Mechanism 
opens with 
proper tools. 

Cover Difficult to 
Remove 

One maintenance person cannot remove lid after applying 
normal lifting pressure. 
 
(Intent is keep cover from sealing off access to 
maintenance.) 

Cover can be 
removed by one 
maintenance 
person. 

Ladder Ladder Rungs 
Unsafe 

Ladder is unsafe due to missing rungs, not securely 
attached to basin wall, misalignment, rust, cracks, or 
sharp edges. 

Ladder meets 
design standards 
and allows 
maintenance 
person safe 
access. 

Metal Grates (If 
Applicable) 

Grate Opening 
Unsafe 

Grate with opening wider than 7/8 inch. Grate opening 
meets design 
standards. 

Trash and Debris Trash and debris that is blocking more than 20% of grate 
surface inletting capacity. 

Grate free of 
trash and debris. 

Damaged or 
Missing. 

Grate missing or broken member(s) of the grate. Grate is in place 
and meets design 
standards. 

 



Table VTable VTable VTable V----4.5.2(4)4.5.2(4)4.5.2(4)4.5.2(4)....    Maintenance Maintenance Maintenance Maintenance Standards Standards Standards Standards ––––    Control Structure/Flow RestrictorControl Structure/Flow RestrictorControl Structure/Flow RestrictorControl Structure/Flow Restrictor....    

Maintenance Maintenance Maintenance Maintenance 

ComponentComponentComponentComponent DefectDefectDefectDefect 

Condition WhenCondition WhenCondition WhenCondition When    Maintenance isMaintenance isMaintenance isMaintenance is    

NeededNeededNeededNeeded 

Results Expected When Maintenance Results Expected When Maintenance Results Expected When Maintenance Results Expected When Maintenance isisisis    

PerformedPerformedPerformedPerformed 

General 
 

 

Trash and Debris 
(Includes 
Sediment) 

Material exceeds 25% of sump 
depth or 1 foot below orifice plate. 

Control structure orifice is not blocked. All 
trash and debris removed. 

Structural 
Damage 

Structure is not securely attached to 
manhole wall. 
 
Structure is not in upright position 
(allow up to 10% from plumb). 
 
Connections to outlet pipe are not 
watertight and show signs of rust.  
 
 
Any holes – other than designed 
holes – in the structure. 

Structure securely attached to wall and 
outlet pipe. 
 
Structure in correct position. 
 
 
Connections to outlet pipe are water tight; 
structure repaired or replaced and works 
as designed.  
 
Structure has no holes other than 
designed holes. 

Cleanout 
Gate 

Damaged or 
Missing 

Cleanout gate is not water tight or is 
missing. 
 
Gate cannot be moved up and 
down by one maintenance person. 
 
Chain/rod leading to gate is missing 
or damaged. Gate is rusted over 
50% of its surface area. 

Gate is watertight and works as designed. 
 
 
Gate moves up and down easily and is 
watertight. 
 
Chain is in place and works as designed. 
Gate is repaired or replaced to meet 
design standards. 

Orifice Plate Damaged or 
Missing 

Control device is not working 
properly due to missing, out of 
place, or bent orifice plate. 

Plate is in place and works as designed. 

Obstructions Any trash, debris, sediment, or 
vegetation blocking the plate. 

Plate is free of all obstructions and works 
as designed. 

Overflow Pipe Obstructions Any trash or debris blocking (or 
having the potential of blocking) the 
overflow pipe. 

Pipe is free of all obstructions and works 
as designed. 

Manhole See "Closed 
Detention 
Systems" (No. 3). 

See "Closed Detention Systems" 
(No. 3). 

See "Closed Detention Systems" (No. 3). 

Catch Basin See "Catch 
Basins" (No. 5). 

See "Catch Basins" (No. 5). See "Catch Basins" (No. 5). 

 



Table Table Table Table VVVV----4.5.2(3)4.5.2(3)4.5.2(3)4.5.2(3)....    Maintenance Maintenance Maintenance Maintenance Standards Standards Standards Standards ––––    Closed DetentionClosed DetentionClosed DetentionClosed Detention    SystemsSystemsSystemsSystems (Tanks/Vaults)(Tanks/Vaults)(Tanks/Vaults)(Tanks/Vaults).... 

Maintenance Maintenance Maintenance Maintenance 

ComponentComponentComponentComponent DefectDefectDefectDefect Conditions When MaintenanceConditions When MaintenanceConditions When MaintenanceConditions When Maintenance    is is is is NeededNeededNeededNeeded 

Results Expected Results Expected Results Expected Results Expected 

When MaintenanceWhen MaintenanceWhen MaintenanceWhen Maintenance 

isisisis    PerformedPerformedPerformedPerformed 

Storage Area Plugged Air Vents One-half of the cross section of a vent is blocked at any 
point or the vent is damaged. 

Vents open and 
functioning. 

Debris and Sediment Accumulated sediment depth exceeds 10% of the 
diameter of the storage area for 1/2 length of storage 
vault or any point depth exceeds 15% of diameter. 
 
(Example: 72-inch storage tank would require cleaning 
when sediment reaches depth of 7 inches for more than 
1/2 length of tank.) 

All sediment and 
debris removed 
from storage area. 

Joints Between 
Tank/Pipe Section 

Any openings or voids allowing material to be 
transported into facility. 
 
(Will require engineering analysis to determine 
structural stability). 

All joint between 
tank/pipe sections 
are sealed. 

Tank Pipe Bent Out of 
Shape 

Any part of tank/pipe is bent out of shape more than 
10% of its design shape. (Review required by engineer to 
determine structural stability.) 

Tank/pipe repaired 
or replaced to 
design. 

Vault Structure Includes 
Cracks in Wall, Bottom, 
Damage to Frame 
and/or Top Slab 

Cracks wider than 1/2-inch and any evidence of soil 
particles entering the structure through the cracks, or 
maintenance/inspection personnel determines that the 
vault is not structurally sound. 
 
 
Cracks wider than 1/2-inch at the joint of any inlet/outlet 
pipe or any evidence of soil particles entering the vault 
through the walls. 

Vault replaced or 
repaired to design 
specifications and 
is structurally 
sound. 
 
No cracks more 
than 1/4-inch wide 
at the joint of the 
inlet/outlet pipe. 

Manhole Cover Not in Place Cover is missing or only partially in place. Any open 
manhole requires maintenance. 

Manhole is closed. 

 Locking Mechanism Not 
Working 

Mechanism cannot be opened by one maintenance 
person with proper tools. Bolts into frame have less than 
1/2 inch of thread (may not apply to self-locking lids). 

Mechanism opens 
with proper tools. 

 Cover Difficult to 
Remove 

One maintenance person cannot remove lid after 
applying normal lifting pressure. Intent is to keep cover 
from sealing off access to maintenance. 

Cover can be 
removed and 
reinstalled by one 
maintenance 
person. 

 Ladder Rungs Unsafe Ladder is unsafe due to missing rungs, misalignment, 
not securely attached to structure wall, rust, or cracks. 

Ladder meets 
design standards. 
Allows 
maintenance 
person safe access. 

Catch Basins See "Catch Basins" (No. 
5) 

See "Catch Basins" (No. 5). See "Catch Basins" 
(No. 5). 
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Maintenance Guidelines for  

Modular Wetland System - Linear 
 
 

Maintenance Summary 
 
o Remove Trash from Screening Device – average maintenance interval is 6 to 12 months.  

  (5 minute average service time). 
o Remove Sediment from Separation Chamber – average maintenance interval is 12 to 24 months. 

 (10 minute average service time).  
o Replace Cartridge Filter Media – average maintenance interval 12 to 24 months. 

  (10-15 minute per cartridge average service time). 
o Replace Drain Down Filter Media – average maintenance interval is 12 to 24 months. 

 (5 minute average service time).  
o Trim Vegetation – average maintenance interval is 6 to 12 months. 

  (Service time varies).  
 

System Diagram 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 

Access to screening device, separation 
chamber and cartridge filter 

Access to drain 
down filter 

Pre-Treatment  
Chamber 

Biofiltration Chamber 

Discharge  
Chamber 

Outflow 
Pipe 

Inflow Pipe 
(optional) 

max.magee
Callout
NOTE: There is no vegetation in the modular wetlands proposed for the Harbour Reach Drive Extension. Vegetation Maintenance notes are not applicable. 
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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.  The hose of the vacuum truck will not 
damage the screening device.  

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.  
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.  
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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.   
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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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



www.modularwetlands.com 
 

 
 
 
 
 
 
 

Inspection Form 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Modular Wetland System, Inc. 
P. 760.433-7640 
F. 760-433-3176 

E. Info@modularwetlands.com 



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          Yes           Type of Inspection             Routine               Follow Up                 Complaint                  Storm

Office personnel to complete section to 
the left.

2972 San Luis Rey Road, Oceanside, CA 92058     P (760) 433-7640     F (760) 433-3176

Inspection Report                              
Modular Wetlands System      

        

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
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Maintenance Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Modular Wetland System, Inc. 
P. 760.433-7640 
F. 760-433-3176 

E. Info@modularwetlands.com 



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:

2972 San Luis Rey Road, Oceanside, CA 92058 P. 760.433.7640 F. 760.433.3176

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 System
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FEMA Map 
 

  





 

 

 
 
 
 
 
 
 

APPENDIX H 

Pre-Design Record 
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PRE-DESIGN RECORD 
DRAINAGE ANALYSIS & DESIGN CRITERIA SUMMARY 

 

 

Project Name: Harbour Reach Extension Project 

 

Perteet Job No: 

Date: 

 

20150051.000 

November 3, 2016 

 

  Drainage Engineer:   Brian Caferro, P.E.   

Client: City of Mukilteo   

City or County: City of Mukilteo   

 

Project Description: 

The City of Mukilteo desires to construct a new arterial connection between Beverly Park Road and Harbour Point Boulevard North.  The new roadway shall be 

two travel lanes, bike lanes and curb, gutter and sidewalk on both sides.  Improvements will also include new stream crossings, new stormwater infrastructure, 

intersection improvements and illumination. 

  

  

Provided below is a summary of the major drainage design standards which will be followed on the Harbour Reach Extension Project. 

• The project’s stormwater design will follow the Mukilteo Municipal Code (MMC), City of Mukilteo Development Standards (MDS), 2012 Stormwater 

Management Manual for Western Washington as amended in December 2014 (SWMMWW) and the 2012 Low Impact Development Technical Guidance 

Manual for Puget Sound (LID Manual).  

• Storm conveyance systems will be designed in accordance with the MDS and the 2015 WSDOT Hydraulics Manual (HM). 

• Storm Pipe Conveyance, per City EDDS:  Design to the 25 yr storm event, with no overtopping of the catch basins at the rim elevation.    

• Flow Control and Water Quality Hydrologic Analysis:  It is acceptable to use the MGS Flood™ model or WWHM™ model. 

• Conveyance Model:  Rational or SBUH. 

• Basic Treatment:  This criterion is a function of ADTs.  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 ADT levels expected for this project exceed the thresholds for 

enhanced treatment). 

• Oil Control Treatment:  This criterion applies to sites considered as high use or intersections considered as high use on roadway projects.  This roadway 

project will not have ADT levels high at the intersections to exceed the thresholds for oil control.  Therefore oil control treatment will not be required for 

this project. 

• Phosphorous Control:  The downstream creeks and tributaries are not listed as phosphorous sensitive on the Ecology 303d list.  Therefore phosphorous 

control will not be a requirement on this project. 
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Source Document Locations 

http://www.codepublishing.com/WA/Mukilteo/ 

http://mukilteowa.gov/wp-content/uploads/2015/11/Development-Standards-w-standard-plans.pdf 

https://fortress.wa.gov/ecy/publications/summarypages/1210030.html 

http://www.psp.wa.gov/downloads/LID/20121221_LIDmanual_FINAL_secure.pdf 

 

 

Documentation Summary of Drainage Design Standards 
 

Design Element Standard Requirement Source 

Threshold Analysis/ 

Minimum 

Requirements: 

 

This project shall follow the threshold and minimum requirement determination and application 

procedures as outlined in Vol. I, Section 2.4 and 2.5 of the SWMMWW. 

 

 

SWMMWW Vol. I, 2.4 

MDS Ch. 4, pg. 30 

MMC 12.12.040 

Hydrologic Model: 

Flow Control: 

 

Water Quality: 

 

Conveyance: 

 

 

 

 

 

 

 

 

 

  

 

                

              Inlet Spacing: 

 

 

Infiltration: 

 

  

Continuous Simulation Modeling, such as WWHM4 or MGS Flood (Version 4)  

 

Continuous Simulation Modeling, such as WWHM4 or MGS Flood (Version 4)  

 

StormShed3G (Rational Method for < 1,000 acres)  

StormShed3G (SBUH Method for up to 1,000 acres) 

Minimum Time of Concentration (Tc) is 5.0 minutes 

 

WSDOT backwater spreadsheet is also allowed to be used for conveyance calculations   

 

Runoff coefficients to be used for the Rational Method shall be taken from Figure 2-5.2 of the 

2010 WSDOT Hydraulics Manual (HM).  Intensities to be used shall be taken from Figure 2-5.4A 

of the HM 

 

Runoff Curve numbers to be used for the SBUH or SCS TR 55 Method shall be taken from 

Appendix 4B of the WSDOT Highway Runoff Manual. 

 

Catch basins shall be spaced no greater than 150 feet apart. 

 

 

Continuous Simulation Modeling, such as MGS Flood (Version 4) or WWHM4  

 

SWMMWW Vol. III, 2.1 

 

SWMMWW Vol. III, 2.1 

 

HM pg. 2-4 

HM pg. 2-4 

HM pg. 2-11 

 

  

 

HM pg. 2-10 

HM pgs. 2-13,14 

 

 

HM pg. 2-13.  

 

 

Per new MDS standards 

due out in 2017 

 

SWMMWW Vol. III, 

3.3.4 
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Design Element Standard Requirement Source 

 

Design Storm 

Events: 

Flow Control: 

 

 

 

Water Quality: 

 

 

 

 

 

 

 

 

 

 

 

Conveyance: 

 

 

 

 

Infiltration: 

 

 

 

 

 

Stormwater discharges shall match developed discharge durations to pre-developed durations for 

the range of pre-developed discharge rates from 50% of the 2-year peak flow up to the full 50-year 

peak flow.  The pre-developed condition to be matched shall be a forested land cover.   

 

Water Quality design flow preceding detention 

The flow rate at or below which 91% of the runoff volume, as estimated by an approved 

continuous runoff model, will be treated. 

 

Water Quality design flow downstream of detention 

The water quality design flow rate must be the full 2-year release rate from the detention facility. 

 

Water Quality flow volume 

The water quality design storm volume shall be equal to the simulated daily volume that 

represents the upper limit of the range of daily volumes that accounts for 91% of the entire runoff 

volume over a multi-decade period of record. 

 

Closed drainage systems or culverts on a major stream or creek as determined by the Public 

Works Director, or designee, shall be designed to convey flows from a 100 year recurrence storm 

event.  All other closed drainage systems shall be designed to convey flows from a 25 year 

recurrence storm event, unless otherwise required by the Public Works Director or designee. 

 

For infiltration basins sized to meet the flow control standard, the basin must infiltrate either 

all of the influent file, or a sufficient amount of the influent file such that any overflow/bypass 

meets the flow duration standard. In addition, the overflow/bypass must meet the LID 

performance standard if it is the option chosen to meet Minimum Requirement #5.  The 

project must either choose List #2 or the LID performance standard to meet Minimum 

Requirement #5.  This requirement is separate from Minimum Requirement #7 (flow control). 
 

 

 

 

SWMMWW Vol. I, 2.5.7 

 

 

 

SWMMWW Vol. I, 2.5.6 

 

 

 

SWMMWW Vol. I, 2.5.6 

 

 

SWMMWW Vol. I, 2.5.6 

 

 

 

 

MDS Ch. 4, pg. 31 

 

 

 

 

SWMMWW Vol. III,  

Precipitation Data 

Source: 

 

Rational Method: Rainfall intensity values from Figure 2-5.4A (Everett): 

2 yr:       m = 3.69, n = 0.556 

10 yr:     m = 6.31, n = 0.575 

25 yr:     m = 7.83, n = 0.582 

HM pg. 2-14 

 

 

 



\\evt-files.perteet.com\Clients\Mukilteo, City of\Projects\20150051 - Harbour Reach Extension\Design\Drainage\8 - Drainage Report\Appendix H\PreDesign Record_2016-11-03.doc    

     Page 4  
Perteet Inc. 

Design Element Standard Requirement Source 

100 yr    m = 10.07, n = 0.586 

 

SBUH Method (Type 1A storm):  

Precipitation isopoluvial maps:  Appendix III-A 

2 yr: 1.50”     10 yr: 2.00”    25 yr: 2.50”     100 yr: 3.00” 

 

Continuous Simulation:   

Extended Time Series Region Map: Puget East 40 in MAP 
 

 

 

HM Appendix 2-3 

 

 

 

Model Specific 

 

Pre-Developed 

Conditions: 

(Forested, etc.) 

Forested conditions.   

 

 

SWMMWW Vol. I, 2.5.7 

Infiltration & LID 

Design Criteria: 

 

 

Infiltration facilities: 

Refer to SWMMWW Vol III, Section 3.3 for design requirements associated with infiltration 

facilities.   

LID Facilities: 

Refer to SWMMWW Vol III, Appendix III-C and LID Manual 

SWMMWW Vol. III, 3.3 

 

 

SWMMWW Vol. III, 

Appendix III-C 

Detention Facility 

Design Criteria 

Design criteria for detention ponds, vaults and tanks can be found in SWMMWW Vol. III, Section 

3.2 

SWMMWW Vol. III, 3.2 

Conveyance Pipe and 

Open channel Design  

(Criteria) 

1. All ditches and channels shall be designed to the 10 year event with a 0.5’ freeboard. 

2. Channels are to be vegetated when the longitudinal slope < 6% and velocities are less than 

5 fps.  For channel slopes exceeding 6% and velocities more than 5 fps the channel shall 

have more protection such as a rock lining.    

3. For open channel and closed conduit flow analysis, use the Manning coefficients listed in 

HM Appendix 4-1. 

4. Minimum pipe size = 12” (8” may be permitted on cross street laterals to avoid utility 

conflict or meet shallow gradient), 3 fps minimum velocity (full flow), and minimum 

0.44% slope.    

5. For culvert design see Shannon and Wilson’s design criteria for this project. 

6. Allowable Pipe Materials listed in MDS Chapter 4, pg. 36. 

7. Catch basins shall be spaced no greater than 150 feet apart, regardless of road grade.  

Spacing analysis is required only if width of tributary road surface exceeds 35 feet and the 

cross slope exceeds four percent. 

8. Allowable frames, grates and covers:  Unless specified otherwise in these Standards, use 

vaned grates with standard frames in the traveled way, gutter, or shoulder.  Vaned grates 

shall not be located within cross walks (see Standard Plan 4-080-016).  At sag curves or 

HM pg. 4-11 

HM pg. 4-11 

 

 

HM pg. A4-1-1 

 

MDS Ch. 4, pg. 36 

HM pg. 6-3 

 

N/A 

MDS Ch. 4, pg. 36 

MDS Ch. 4, pg. 37 

and City preference 

 

 

MDS Ch. 4, pg. 38 
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Design Element Standard Requirement Source 

before intersections with a grade 3% or greater, use through curb inlet frames. 

9. Manholes may be used in lieu of catch basins if they do not collect surface water.  See 

Standard Plans 4-080-012 through 4-080-014. 

 

 

MDS Ch. 4, pg. 37 

 



 

 

 

 

 

 

 
 
 
 
 
 
 

APPENDIX I 

Flow Chart for Determining Requirements for Redevelopment 
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