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RAIN GARDEN DESIGN APPROACH 
The rain gardens were sized to treat a minimum of 60% of the 2-year storm event peak flow. Both 
rain gardens exceed the 60% minimum requirements and achieve approximately 70% treatment 
goals for the 2-year storm event. The rain gardens have been designed using King County Runoff 
Time Series program (KCRTS), assuming the SeaTac vicinity storm event and 15-minute time 
step and reduced data type analysis. The Rain gardens are also designed to meet and/or exceed 
the 2005 Low Impact development Manual for Puget Sound (LID Manual) as well as 2007 
Department of Ecology Stormwater Management Manual (DOE) criteria. 
 
The rain garden was modeled as an infiltration pond assuming a 3:1 (horizontal to vertical) side 
slope, and a length to width ratio of ten to one.  The effective storage depth was set to zero to 
determine the maximum staging depth assuming low infiltration rates, The rain garden is not 
designed to stage stormwater for long periods of time or permanently hold water in the facility.  
The riser head elevation was set at 1.00-feet high causing a temporary 1.00-foot deep water 
storage depth during rainfall events.  
 
BOAT ACCESS ROAD RAIN GARDEN DESIGN CALCULATIONS 
 
Tributary Area  = 1.38 acres (City of Seattle) + 0.97 (Bridge) = 2.35 acres Impervious area. 
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Peak flow rates were determined and tabulated below: 

 
 
100% of the 2-year storm event is 1.12 cfs, 60% of the 2-yr storm event is 0.672 cfs.  The rank 8 
storm event (0.781 cfs) is the closest storm flow approximation to 60% of the 2-year storm and 
will be used for KCRTS calculations. It should be noted that 0.781 cfs is approximately 70% of 
the 2-year storm event and exceeds minimum treatment goals. 
 
The rain garden is designed with 1-foot of stage depth based on 0.50-inches per hour (120 
min/inch) vertical permeability rate.  This is a much slower rate than observed in City of Seattle 
rain gardens.  The City has been monitoring rain gardens and finding long term infiltration rates 
achieving 3 inches per hour.  Therefore, the design is conservative for long term use and ability to 
achieve treatment goals. The rain garden design is also slightly more conservative than the DOE 
and LID Manual methods because the design does not include the allowable stormwater storage 
volume within the soil matrix.  This design assumes all water volume will be stored in the 
temporary storage pool. The following physical characteristics and storm event hydrographs were 
entered into the KCRTS rain garden model: 

 
 
 



South Park Bridge Replacement Project     Jim Rhodes 
Project Number 45647       09/30/09 
 

L:\45647\Civil\Design\DRAINAGE\100% Drainage Report\95 Percent Report\Appendix 
G (Facility Design)\Originals\Rain Garden Design.doc  3 

 
 
 

 
 
The rain garden was modeled with a zero discharge target to establish a possible maximum size 
rain garden and ensure all water may be infiltrated into the compost amended soil matrix. 
Assuming the bottom and sides are permeable, the KCRTS calculated storage depth assuming 
60% of the two-year inflow results in a temporary storage depth of 1.00-feet deep. 
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Peak flows and peak stage elevations within the rain garden were calculated and evaluated for 
rain garden freeboard. Hydrograph 1 represents the 100-year storm event with the emergency 
outfall and weir engaging with the maximum stage elevation at 14.13 in the rain garden. The top 
of the rain garden was set at elevation 15.25, providing over 1-foot of freeboard. 
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BOAT ACCESS ROAD RAIN GARDEN DISCHARGE STRUCTURES 
The jail house weir has been designed to engage should the water surface ever exceed 1-foot deep 
(elevation 14.00).  The jail house weir was sized according to the 2-year and 100-year storm 
events.  It was evaluated for both events to make sure it served a range of storm events 
sufficiently to avoid unnecessary emergency outfall conditions or over-topping of the rain garden. 
Calculations can be found in Appendix G of this report. The emergency outfall structure has also 
been designed to engage during high flow storm events.   
 
BOAT ACCESS RAIN GARDEN RAIN GARDEN INLET/LEVEL SPREADER and 
FILTRATION SECTION 
The inlet pipe for the rain garden was designed according to the KCSWDM Figure 4.2.2.M 
Pipe/Culvert Discharge Protection detail containing a fabric liner and rock slope protection.  The 
culvert will have a beveled end section to reduce the visual impact in the rain garden area.  The 
water will rise out of the discharge protection hole and slowly spread across the rain garden.  The 
bottom of the rain garden was designed to be flat and create pools of water for infiltration. The 
rain garden will have an amended soil matrix 1.5-feet deep underlain with a geotextile for 
underground drainage.  The water will drain through the amended soil matrix for water quality 
treatment and be recollected in a 2.5-foot deep gravel re-collection zone containing perforated 
underdrain pipes.  The perforated underdrain pipes will convey water to the main conveyance 
system and discharge into the Duwamish Waterway. An underground geotextile for separation 
will create a barrier between the rain garden re-collection area preventing the possibility for water 
to interact with the groundwater and spread potential contamination or allow the groundwater to 
contaminate the rain garden matrix. 
 
 
BOAT ACCESS ROAD RAIN GARDEN FINAL PHYSICAL PROPERTIES 
Type of Facility: Infiltration Pond 
Side Slope:        3.00  H:1V 
Pond Bottom Length:      245.26  ft 
Pond Bottom Width:       24.53  ft 
Pond Bottom Area:     6015.    sq. ft 
Top Area at 1 ft. FB:     9397.    sq. ft 
                                 0.216 acres 
 Effective Storage Depth:        1.00  ft 
Stage 0 Elevation:       13.00  ft 
Storage Volume:     6837.    cu. ft 
                                 0.157 ac-ft 
Vertical Permeability:      120.00  min/in 
Permeable Surfaces: Bottom & Sides 
Riser Head:        1.00  ft 
Riser Diameter:       48.00  inches (Emergency Outfall) 
Top Notch Weir: None 
Outflow Rating Curve: None 
 
6,203 SF >6,015 SF, so the proposed rain garden surface area and volume is large enough to treat 
the targeted pollution generating impervious surfaces. 
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ORR STREET RAIN GARDEN DESIGN CALCULATIONS 
The Orr Street rain garden was designed using the same design criteria, assumptions and will not 
be re-iterated in these calculations.  The tributary area  = 0.61 acres, 0.18 pollution generating 
impervious surface and 0.43 acres pervious and gravel areas under the bridge.  

 
 
Peak flow rates were determined and tabulated below: 
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100% of the 2-year storm event is 0.102 cfs, 60% of the 2-yr storm event is 0.0612 cfs.  The rank 
8 storm event (0.072 cfs) is the closest storm flow approximation to 60% of the 2-year storm and 
will be used for KCRTS calculations. It should be noted that 0.072 cfs is approximately 70% of 
the 2-year storm event and exceeds minimum treatment goals. 
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The Orr Street Rain Garden is designed with a bottom elevation of 13.14 and a maximum 
1-foot temporary pool depth during water quality treatment.  During the 100-year storm 
event peak flow, the rain garden will rise to elevation 14.25 (maximum high water 
elevation).  The top of the rain garden is elevation 15.25 providing the minimum required 
1-foot freeboard.  The following are peak flow stage elevations for the Orr Street Rain 
Garden: 
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ORR STREET RAIN GARDEN DISCHARGE STRUCTURES 
The rain garden will have a discharge pipe connecting to the conveyance system and discharging 
at the 24-inch diameter outfall. A secondary out fall is not necessary, because the secondary 
outfall path involves sheet flow down Orr street and into a catch basin at the intersection of Boat 
Access Road and Orr Street or sheet flow into the river. 
 
 
ORR STREET RAIN GARDEN RAIN GARDEN INLET/LEVEL SPREADER and 
FILTRATION SECTION 
The Orr Street Rain Garden does not have a level spreader because it will sheet flow into the rain 
garden without concentrated/channeled flows. 
 
 
ORR STREET RAIN GARDEN FINAL PHYSICAL PROPERTIES 
 
Type of Facility: Infiltration Pond 
Side Slope:        3.00  H:1V 
Pond Bottom Length:       58.03  ft 
Pond Bottom Width:        5.80  ft 
Pond Bottom Area:      337.    sq. ft 
Top Area at 1 ft. FB:     1247.    sq. ft 
                                 0.029 acres 
 Effective Storage Depth:        1.00  ft 
 Stage 0 Elevation:       13.14  ft 
 Storage Volume:      540.    cu. ft 
                                 0.012 ac-ft 
Vertical Permeability:      120.00  min/in 
Permeable Surfaces: Bottom & Sides 
Riser Head:        1.00  ft 
Riser Diameter:       12.00  inches 
Top Notch Weir: None 
Outflow Rating Curve: None 
 
 
544 SF >337 SF, so the proposed rain garden surface area and volume is large enough to treat the 
targeted pollution generating impervious surfaces. 
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WET VAULT DESIGN  
The water quality vault has been designed according to Wet Vault Sizing Worksheet in 
the KCSWDM.  The mean annual storm rainfall was determined and used to calculate the 
runoff from the mean annual storm.  The wet pool volume was determined to be 3,435 
cubic feet. The water quality vault was designed to meet the criteria for Water Quality 
Design Flows in Section 6.2.1 for the KCSWDM.  The vault does not precede detention 
but has been designed to achieve a minimum treatment for 60% of the 2-year peak flow 
rate, determined using the 15-minute time step analysis and a minimum 95% of the 
annual average runoff volume.  The targeted pollution-generating impervious and 
pervious surfaces for the north basin were determined and the conveyance system was 
designed to capture runoff from the targeted surface areas and convey the runoff to the 
water quality wet vault for treatment.   
 
WET VAULT PHYSICAL CHARACTERISTICS  
Iterations were performed to minimize the length and width of the vault by increasing the wet 
pool storage depth.  Since the length to width ration is greater than 5L:1W, the vault may be a 
single cell vault.  The vault bottom was designed sloped longitudinally toward the manhole 
access locations to facilitate maintenance access and cleanup methods.  Theoretically, sediment 
will deposit at the low points of the vault and may be removed with a vactor truck or other means 
by maintenance crews. Since the low point is at manhole locations, maintenance crews may be 
able to remove sediment deposits without entering the vault.  The bottom was also designed to 
slope laterally toward the middle of the vault to facilitate sediment removal.  Two large grates are 
designed to provide several functions.  The vault has also been designed to meet or exceed the 
minimum 7-foot internal height criteria.  However, where removable grates are proposed, the 
minimum clearance may be reduced. The grates may be removed for full access to the vault 
bottom, removal and replacement of internal components, and provide air exchange. The inlet 
was designed to discharge into the storage pool and help “stir” the water quality treatment pool.  
The underwater discharge also functions as an energy dissipater eliminating the need for baffles 
or weirs.  A down-turned elbow/tee section was designed upstream of the vault to reduce the 
possibility for oils entering the vault.  
 
WET VAULT ACCESS and UTILITY CHARACTERISTICS  
This vault has not been designed to have a removable top.  The vault is deep due to the wet pool 
depth and the Boeing request to minimize the square foot surface footprint.  The top of the vault 
will be covered with soil and asphalt surfacing to allow Boeing to drive around the vault area. 
Manhole lids have been positioned to accommodate access to any point within the vault and not 
exceed the maximum distance of 50-feet from the manhole. A minimum of 3,000 psi concrete 
shall be specified in the construction plans and specifications.  The vault has been designed as a 
precast component that can be installed in the field with little onsite concrete work.  This helps 
reduce the possibility for process water and pH issues slowing down the construction schedule.  
However, a significant amount of the vault will be constructed below the groundwater elevation 
and buoyancy calculations have included in this. 
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NORTH BASIN MODELED 2-YR STORM EVENT  
 
The targeted pollution generating impervious surface is 0.73 acres. 
 

 
 
The following are peak flows: 
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60% of the 2-year storm event is 0.209 cfs and best approximated with time series 8, 
0.209 cfs.  The orifice control into the vault will be designed to meet 0.243 cfs in the 
control structure.  
 







VAULT ORIFICE ANALYSIS DR04-5
King County Surface Water Design Manual  Eq.(5-5) p. 5-42

Q = 0.209 cfs Modeled from 60% of the 2-yr storm event.
h = 1.24 ft
d = 2.63 in









JAIL HOUSE WEIR 2-YEAR ANALYSIS 
King County Surface Water Design Manual  Eq.(5-6) p. 5-43

Q = 0.781 cfs Modeled from 60% of the 2-yr storm event.
H = 0.13 ft Maximum stage elevation
P = 3.90 ft
C = 3.28 ft
L = 5.101 ft

Jailhouse Window 

Assuming 1" Bars at 4"O.C.

Grate Length = 7 ft Plug in values for Grate Length
Lactual = 5.25 ft If Lactual > L, Grate Length OK



100-YEAR EMERGENCY OUTFALL ANALYSIS 
King County Surface Water Design Manual  Eq.(5-6) p. 5-43

Q = 2.77 cfs Modeled from 100% of the 100-yr storm event.
H = 0.15 ft 1' below freeboard
P = 3.90 ft
C = 3.29 ft
L = 14.543 ft Secondary Emergency Outfall Structure required

Jailhouse Window 

Assuming 1" Bars at 4"O.C.

Grate Length = 19.56 ft Including Weir and Emergency Outfall Structure
Lactual = 14.67 ft If Lactual > L, Grate Length OK

Secondary Emergency Outfall Structure required.

Note: Water stages to elevation 14.15 at the 100-year full storm event 
which is 1-foot below the 15.25 freeboard elevation.  The 48" diameter 
outfall and 7' weir are both included to equal 19.56' of grate length.



OVERFLOW WEIR CALCULATION

Boat Access Road Treatment Rain Garden
Q100= 2.77 cfs

C= 0.6
g= 32.2 ft/sec
L= 2.06 ft
H= 0.2 ft H=0.20 ft minimum

Where
L=[Q100/(3.21H

2/3)]‐2.4H 6 ft min. page 5‐30 KCSWDM 2009

Orr Street Treatment Rain Garden
Q100= 0.43 cfs

C= 0.6
g= 32.2 ft/sec
L= 1.79 ft 6 ft min. page 5‐30 KCSWDM 2009
H= 0.02 ft H=0.20 ft minimum

There is not enough flow to achieve 0.20' 

OVERFLOW WEIR ANALYSIS DR04-5
King County Surface Water Design Manual  Eq.(5‐3) p. 5‐30

Minimum weir size is more than enough to safely pass flows between rain gardens.
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South Park Bridge Replacement 
Project Number 45647 
03/28/09 
Jim Rhodes  
 
Pump Flow analysis for the bascule piers. 
 
The following data was based on a King County Sea-Tac storm event, with 15-minute 
time step, and impervious surface of (70.67’ x 150’=10,600 SF) or 0.24 acres.  The 
following flows should be used for sizing the pump(s) in the pier. 

 
 
The pump system curve will be developed and a pump will be designed to meet the 
system requirements based on the design flows provided.  Evaluating the peak flows for a 
peak volume yielded the following data. 
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