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Introduction 
This memo summarizes the plans for and benefits of post-construction monitoring of the 
Ballard Roadside Raingardens project, hereinafter referred to as the “BRR1” project.  

Post-construction flow monitoring is essential to validate the performance of roadside 
raingardens as a cost-effective tool for reducing stormwater runoff within the right-of-way. 
Specifically, this monitoring will be used to confirm the conclusions of the project planning 
and modeling analysis, which have indicated that implementing roadside raingardens in the 
Ballard neighborhood is an effective approach for reducing combined sewer overflows. 

Background 

Ballard Roadside Raingardens Phase 1 and Retrofit 
The BRR1 project implemented in 2010 consisted of roadside raingardens constructed 
within portions of the right-of-way along 28th Avenue NW (from NW 65th to NW 73rd St), 
30th Avenue NW (from NW 80th Street to Loyal Way NW) and 31st Avenue NW (from NW 
75th to NW 77th St). The raingardens are shallow depressions filled with bioretention soil, 
mulch, and native plants. These raingardens are designed to collect stormwater runoff from 
the surrounding pavement and allow it to filter through the soil (infiltration), which reduces 
the amount of stormwater flowing into the combined sewer system.   Due to poor 
infiltration and community concerns, raingardens along 28th Avenue NW were renovated to 
include underdrains with orifices in the summer of 2011.  The revised design shifted the 
focus from relying on infiltration to increasing retention and delay of stormwater from 
entering the combined sewer system. The raingardens along 30th Avenue NW showed 
adequate ability to drain and were not renovated.  Elsewhere in Ballard, the raingardens 
were removed (filled) due to poor performance.   

The BRR1 project, including the renovation in 2011, were implemented as a pilot project to 
develop prototypes for roadside raingardens that could be used for controlling combined 
sewer overflows elsewhere in Seattle. This project is expected to improve assumptions about 
the effectiveness of these practices in reducing stormwater pollution from CSOs.  
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Modeling Efforts to Date 
As part of the Seattle Public Utilities plan for controlling CSOs, called the long-term control 
plan, areas of the city under SPU’s jurisdiction were analyzed with USEPA’s Stormwater 
Management Model Engine version 5.0.021 (SWMM5). This analysis resulted in a computer 
simulation of potential stormwater runoff flows and CSOs under several scenarios, 
including the use of the BRR1 project’s roadside raingardens. These practices were entered 
into the initial model assuming a similar configuration as the BRR1 projects, which rely on 
infiltration into the native soils, by entering parameters for the ponding, soil and storage 
layers. The results of this analysis were used to evaluate the potential effectiveness of using 
raingardens in the Ballard neighborhood currently affected by CSOs. These results indicated 
that the roadside raingardens could be an effective tool for reducing the frequency and 
volume of CSOs in Ballard (CH2M HILL and B&C, 2011).   

The same modeling analysis was used to evaluate and recommend specific modifications to 
the raingardens along 28th Avenue NW in the summer of 2011 (CH2M HILL, July 2011).  
The updated model provided preliminary recommendations for several design elements 
(e.g., size, depth), recommended modifications to maximize available storage in the 
raingardens, and estimated the amount of CSO reduction the renovated raingardens could 
provide.  

Existing Monitoring Programs 
SPU conducts on-going flow monitoring of each outfall in the combined sewer system that 
is regulated by the state-issued NPDES permit. In addition, to support the model analysis 
discussed above, SPU collected flow data from a “micro-meter” installed in a maintenance 
hole downstream of the constructed rain gardens along 30th Avenue NW from October 1, 
2009 through May 31, 2010. The meter and location were selected because they could 
provide the information needed to evaluate the effectiveness of the BRR1 pilot projects at 
reducing flows to the combined sewer system, based on a common stormwater monitoring 
rule. This rule selects a monitoring location where at least 10 percent of the area that 
produces stormwater runoff (typically impervious surfaces such as roads, driveways, 
sidewalks and roofs) drainsto raingardens or other green stormwater infrastructure.    

Proposed Monitoring Program 
The goals of pilot projects such as the BRR1 project are to confirm the performance of green 
stormwater infrastructure and its effectiveness at reducing CSO volumes, and to determine 
the most cost-effective approaches to use within the right-of-way. Currently, the presumed 
performance of green stormwater infrastructure as a CSO control approach is largely based 
on prior monitoring of green infrastructure installed in other areas, literature from around 
the country, and model simulations such as that described above for the BRR1 project.  In-
the-ground, post-construction monitoring is essential to support the conclusions of the 
modeling analysis and the project design. 

Controlled Flow Tests 
The BRR1 project’s Quality Assurance Project Plan (QAPP), completed by SPU in 2011, 
describes in detail the procedures for conducting post-construction monitoring controlled 
flow tests to evaluate the  performance of the constructed raingardens (SPU, 2011). These 
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controlled flow tests are designed to provide field verification of the model simulation’s 
predictions, and eliminate uncertainty regarding the upstream drainage area and the 
seasonal variability in infiltration. 

As written in the project’s 2011 QAPP, the specific objectives of the controlled flow tests are:  

 Adequately and accurately characterize the hydrologic performance of the roadside 
raingardens by replicating the storm flow used in the model simulation with water from 
a hydrant and collecting continuous water level and flow velocity in the downstream 
combined sewer pipe during the simulated storm. Continuous water level 
measurements will be collected using piezometers within shallow wells or stormwater 
structures.  

 Capture both baseline and post-construction data for each of the simulated storm events. 
The baseline data would be captured by running the simulated storm (flows from the 
hydrant) down the street and bypassing the raingardens to simulate the runoff without 
the interception by the raingardens. The post-construction data would be captured by 
running the simulated storm down the street and allowing it to enter the raingardens. 
Successive controlled flow tests would be run during a range of pre-storm moisture 
conditions. The controlled flow tests would occur during the dry summer months when 
the base flows in the CSS are low, which will allow for more accurate detection of the 
flows from the simulated storms.  The initial tests will simulate dry conditions and 
successive tests will represent more common winter periods where storm events are 
preceded by periods of prolonged rainfall.   

 Determine the rates of stormwater infiltration in the raingardens during the times when 
the soil is already saturated.  This will be done at the end of the post-construction tests. 

See Table 1 for a summary of which parameters may be calibrated using the data from the 
controlled flow tests.  

TABLE 1  
Bio-Retention Cell Model Parameter Calibration via Controlled Flow Test  

Parameter Source/Description Method for Verification 

Surface: Storage Depth Per Plans Field measurement 

Soil: Thickness 
per Ballard Plans, see 
note on storage 

Field Measurement via hand hole  

Soil: Porosity 

Per Green-Ampt 
Parameters based on 
Brakensiek and Rawls 
data.   

Calibrated from Controlled Flow Test, calculated 
based on stored volume assuming field capacity at 
beginning of test.    

Soil: Field Capacity 
Per Rawls (1992) for 
Loamy Sand texture 

No calibration proposed.   Potentially could conduct 
moisture tests on antecedent soils 3 days after 
rainfall.  Not critical for CSO design.   

Soil: Wilting Point 

 Per Green-Ampt 
Parameters based on 
Brakensiek and Rawls 
data.   

 No methods identified.  Potentially could conduct 
moisture tests upon visual observation of plant 
wilting.  Not critical for CSO design.   

Soil Conductivity Per RainWise Sizing  Calibrated from Controlled Flow Test, based on 
surface storage relative to perched water on native 
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TABLE 1  
Bio-Retention Cell Model Parameter Calibration via Controlled Flow Test  

Parameter Source/Description Method for Verification 

soil surface. 1 

Soil: Conductivity Slope 
Per user’s manual, 
average between sand 
and silt loam.   

No calibration proposed.     

Soil: Suction Head Assumed, Loamy Sand. No calibration proposed.  

Storage: Height 
No effective storage 
assumed, however, 0 is 
not an allowable value 

No calibration proposed. 

Storage: Void Ratio 
Equivalent to 0.4 
porosity used for soil 

No calibration proposed. 

Storage: Conductivity Min. assumed for till.   
Calibrated from Controlled Flow Test based on 
saturated drawdown of ponding. 

Storage: Clogging Factor Not used.   Not used.   

Underdrain: Drain Coefficient 
Standard orifice 
coefficient = 0.62 

Calibrated from Controlled Flow Test2 

Underdrain: Drain Exponent 
Per orifice equation = 
0.5 

Calibrated from Controlled Flow Test2 

Underdrain: Drain Offset 
Height 

Per plan Per plan. 

1.  May be difficult to measure without subsurface piezometers to isolate ponding due to 
soil media vs. underlying native soil. 

2. If conducted along 28th Avenue.    

Additional Recommended Monitoring Objectives 
While the controlled flow tests currently proposed will help to confirm and refine the 
project’s model simulation, additional post-construction monitoring methods are needed to 
test the raingardens’ performance and address other concerns related to the project; in 
particular, groundwater impacts.  

The following sections describe the objectives of the additional monitoring under the 
following categories: short–term performance, design refinements, long-term performance, 
and groundwater impacts.  Then Table 2 identifies the monitoring techniques recommended 
for each of these monitoring categories, as well as the controlled flow tests and continuous 
flow monitoring described above.  

Short-term Performance Monitoring 
 S1: Calibrate model simulation of rain garden performance 

As noted above, the controlled field test will help verify some parameters within the 
rain garden models, however, other parameters may be difficult to test and refine to 
develop a more reasonable simulation of rain gardens.   

Design Refinements Monitoring 
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 D1: Effectiveness of intermediate orifice flow restrictors.   

The 28th Avenue NW rain garden design incorporates intermediate orifices to 
maximize soil storage within rain garden cells along the moderately sloped 
roadway.  Water level measurements from piezometers installed within upstream of 
the raingarden could help determine the effectiveness of these elements, and identify 
potential modifications.  

 D2: Impacts of shallow ponding on surface infiltration   

The 28th Avenue NW rain garden design essentially eliminates surface ponding. 
Water level measurements from piezometers installed downstream of the raingarden 
could help determine if the amount of stormwater flowing into the raingarden 
exceeds the surface infiltration capacity of the soils and bypasses the facility.   

Long-term Performance Monitoring 
 L1:  Seasonal variability of infiltration rates 

Infiltration rates within and beneath the rain gardens may vary depending on 
antecedent moisture levels and groundwater flows. Continuous flow monitoring in 
the combined sewer pipe system, combined with water level measurements from 
piezometers installed within the raingarden itself, could define the infiltration rates 
in the raingarden in different seasons.  The proposed controlled flow tests will be 
conducted during the summer months to eliminate these impacts.  

 L2:  Changes to infiltration rates due to clogging 

Infiltration rates in the bioretention soils and underlying native soils may change 
over time and due to sediment accumulation and compaction. Water level 
measurements from piezometers installed upstream of and within the raingarden 
could define how infiltration rates may change in response to clogging. 

 L3:  Net volume reduction due to GSI in real-time operations 

The controlled flow tests described earlier will provide an indirect estimate of the 
total CSO volume reduction by improving the accuracy of green stormwater 
infrastructure model simulations.  However, additional continuous monitoring over 
a full year could provide a more direct measurement of the net volume reduction 
due to the constructed roadside rain gardens.  Controlled flow tests alone cannot 
account for the seasonal variation through a year, account for recapture of infiltrated 
stormwater back into the combined sewer system or the total effective impervious 
area captured by the rain gardens.   

 L4:  Peak flow reduction due to GSI in real-time operations 

As discussed under L3 above, by themselves the controlled flow tests are limited in 
their ability to inform estimations of the total net flow reduction in the combined 
sewer system over a full year. Continuous flow monitoring over a full year could 
provide a more direct estimate of peak flow reductions, in addition to net volume 
reductions, due to the raingardens. Water level measurements from piezometers 
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installed within the raingarden itself would also inform these peak flow reduction 
estimates.  

 L5:  Raingarden overflow frequency, inundation periods, storm event size, and pre-
storm conditions   

Continuous tracking of water levels within the raingardens would provide better 
information for assessing general raingarden performance, evaluating effects on 
plants, confirming sizing factors, identifying potential performance issues, and 
characterizing what storms and conditions lead to rain garden overflows.   

Groundwater Impacts Monitoring 
 G1:  Effects of underdrains on lowering local perched groundwater. 

 G2:  Changes to dry weather flow in the combined sewer system due to underdrains 
intercepting shallow groundwater.    

Continuous flow monitoring in the combined sewer pipe downstream of the 
raingarden could provide information for determining the effects of the installed 
underdrains on dry weather flows and shallow groundwater. 

Additional Monitoring Methods 
Continuous monitoring in the combined sewer, along with measurement of water levels 
with observation wells (called piezometers), are expected to achieve these additional 
monitoring objectives. 

Continuous Monitoring in Combined Sewer 
The flow monitor in the maintenance hole downstream of the constructed rain gardens 
along 30th Avenue NW (discussed above under Existing Monitoring Programs) will be re-
established not just for the controlled flow tests but for a period of at least one year to 
compare post-construction performance to the baseline period prior to construction. Flow 
data from this baseline period was not used in the initial model; however, the data may be 
used to refine the model and obtain a more accurate prediction of stormwater flows to the 
raingarden along 30th Avenue NW, which would allow SPU to more accurately estimate its 
performance.  

Piezometers 
Piezometers are small observation wells that measure groundwater level, or “head.” The 
locations of the 3 piezometers described below are shown on Figures 2 and 3.   

Piezometer within the raingarden (       in Monitoring Location Plan figures) 
A small piezometer will be placed in the raingarden within the last orifice before flows 
discharge to the combined sewer system to record water levels within the raingarden soils 
and surface ponding areas.  Where installed in conjunction with an underdrained rain 
garden, the monitoring of water levels upstream of the orifice control provides a basis for 
estimating the amount of discharge back to the combined sewer system prior to overflow. In 
addition, monitoring of the water levels will confirm drawdown times (the time it takes for 
groundwater levels to return to dry weather levels) and variability over the year.   

Piezometer downstream of the raingarden (       in Monitoring Location Plan figures) 

1 

2 
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A small piezometer will be placed within the sewer system downstream of the raingarden 
(at the intersection) to measure and record when levels indicate overflow from the 
raingarden.   

Piezometer upstream of the raingarden (      in Monitoring Location Plan figures) 
A small piezometer will be placed within a maintenance hole upstream  of the raingarden to 
measure and record the difference in water levels between the upstream sewer system and 
the raingarden, in order to evaluate if the intermediate orifices in the raingarden are 
maximizing available storage and that water is able to infiltrate the surface soils despite 
minimal ponding depth.  

References 
CH2M HILL and B&C, 2011 

CH2M HILL, July 2011 

Seattle Public Utilities (SPU). 2011.  
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Table 2.  Anticipated Objectives Met by Monitoring Methods 
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1.  As noted in text, controlled flow tests with surface observations alone may not provide sufficient data to fully confirm the 
raingarden model simulation, particularly the amount of area draining to the raingarden.   

2. The piezometer will be installed to measure both surface ponding as well as water level within the soils; otherwise it will not 
be able to indicate which overflows are due to limited surface infiltration.  

1 

2 
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FIGURE 1.  EXAMPLE USE OF MONITORING DATA TO CALIBRATE RAIN GARDEN PARAMETERS 
 

Calibrate Saturated infiltration rate 
of native soils (+ Orifice discharge 
where underdrains ) to match 
Surface Ponding Drawdown Rate 
after end of rainfall  

Calibrate Drainable 
porosity of bioretention 
soil  to match Change in 
Drawdown Rate after 
ponding is drained  

Calibrate tributary 
impervious area to 
match rise in ponded 
depth due to 

Calibrate to match 
periods of max 
ponding and/or 
observed 
discharge 
downstream   

Where ponding is observed 
prior to saturation of subsoil 
 Indication that bioretention 
soil are limiting  


