Stormwater Action Monitoring - Effectiveness Studies
Project: Evaluation of Hydraulic Control Approaches for Bioretention
Washington State University and Geosyntec Consultants
Deliverable 1.1: Meeting Notes from TAC Kickoff Call
March 5, 2020

Meeting Overview and Attendees
The TAC Kickoff meeting was held remotely on February 26th. A slideshow was presented during the
meeting. A PDF of the slideshow is included as an attachment.
The following table lists project team members and TAC members in attendance.
Name
John Stark
Ani Jayakaran
Myles Gray
Aaron Poresky
Dylan Ahearn
Anita Fichthorn
Doug Hutchinson
Tarelle Osborn
Eric Strecker

Affiliation
Washington State University
Washington State University
Geosyntec Consultants
Geosyntec Consultants
Herrera Environmental Consultants
Port of Tacoma
Seattle Public Utilities
Osborn Consulting
Terraphase Engineers

Kickoff Call Outline
The call used the following outline:
•
•
•
•
•

•

TAC Member Introductions
General Overview of Research
TAC Expectations and Schedules
Outlet Control Conceptual Overview
Research Details:
o Research Goals
o Experimental Design
o Monitoring Phases
o Sampling and Monitoring Types
o Reporting and Modeling
Question and Answer

Role
Principal Investigator
Project Team Member
Project Team Member
Project Team Member
TAC Member
TAC Member
TAC Member
TAC Member
TAC Member

Significant Questions and Comments
The TAC asked various clarifying questions about the research plan. The following significant questions
and comments were raised during the call:
•

•

•

Dylan Ahearn asked whether alternative media blends would be used in the study or if all
mesocosms in the study would contain the standard Ecology 60 / 40 sand / compost blend. After
discussion it was agreed that an alternative media blend should be used. The TAC supported
using an alternative media blend based on the current nutrient-sensitive blends being
developed under other ongoing SAM projects. Mr. Ahearn will advise on a specification and
source for this alternative media blend.
Anita Fichthorn asked what plant species would be included in the newly installed and newly
planted mesocosms. After discussion, it was agreed to use typical drought tolerant rain garden
vegetation such as rushes (Juncus sp.) and sedges (Carex sp.). Such plants would be different
from the existing mesocosms which primarily contain red osier dogwood cultivars. Because six
mature mesocosms will be included in the study without replacing the vegetation, they will
contain different plant species than the newly planted mesocosms. This does not significantly
affect experimental design. The purpose of the paired study is to compare media control versus
outlet control for a range of design scenarios; not to compare different plant types.
Dylan Ahearn asked about plans to dose the incoming stormwater to increase pollutant
concentrations to more typical ranges for urban areas. Previous research at the facility has
indicated that pollutant concentrations in runoff from the mesocosm catchment are lower than
typical ranges found in urban runoff. The Research Team proposed to dose the influent water
during water quality testing events, but not during typical operation. Dosing will be done to
increase concentrations of nutrients, metals, and total suspended solids. If available, some of
this dosing will be done by acquiring street sweeper waste from the City of Puyallup, as has
been done previously. This will be researched by the project team.

The questions raised during the kickoff call will be incorporated in the Draft QAPP.

Attachments
A pdf version of the kickoff call slides is included as an attachment.
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Agenda
•
•
•
•
•

TAC Member Introductions
General Overview of Research
TAC Expectations and Schedules
Outlet Control Conceptual Overview
Research Details:
–
–
–
–
–

•

Research Goals
Experimental Design
Monitoring Phases
Sampling and Monitoring Types
Reporting and Modeling

Question and Answer
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Research Team and TAC Members
• Research Team:
– WSU: Ani Jayakaran, John Stark, Carly Thompson
– Geosyntec Consultants: Myles Gray, Aaron Poresky

• TAC:
–
–
–
–
–

Dylan Ahearn, Herrera Environmental Consultants
Anita Fichthorn, Port of Tacoma
Doug Hutchinson, Seattle Public Utilities
Tarelle Osborn, Osborn Consulting
Eric Strecker, Terraphase Engineers
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Research Overview
• Research will assess the performance of bioretention
mesocosms with and without underdrain outlet controls
• Research will be completed using the Mesocosm
Research Facility at WSU Puyallup
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Research Overview
• Testing will include:
– Continuous hydraulic monitoring during regular storm events
– Six water quality sampling events
– Three special testing events to characterize media
permeability, vegetation health, and O&M requirements
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TAC Involvement and Schedules
• Project Kickoff
• Review Draft QAPP: March 2020
• Attend Interim Project Presentation: Spring 2021
• Review Final Report: TBD based on Phase 2 funding
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Outlet Control Concept
Outlet-Controlled Bioretention w/ Underdrain
“outlet-controlled” hydraulics

Typical Bioretention w/ Underdrain
“media-controlled” hydraulics

Outlet control
orifice or valve

Bioretention media
Gravel layers

Infiltration (if no liner)

Flow rate controlled by media
permeability, typically faster than
design rate

Flow rate controlled by outlet orifice or
valve set to control to design rate, typically
slower than media permeability
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Outlet Controls in Practice

2,300 sq-ft outlet controlled biofiltration facility for industrial site in Tacoma, WA
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Why outlet control?
•

•

•

Permeability of engineered soil is sensitive to several
factors and changes over time:
–

Composition and mixing

–

Placement/compaction

–

Siltation, weathering, plant processes

Media hydraulics are important for treatment processes
–

Effective contact time

–

Short circuiting (preferential gravity flow and/or roots)

Flow control performance is important in many
watersheds

Outlet controls may improve pollutant removal and
provide more certainty in system flow rates
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Southern California
Biofiltration System

E. Coli treatment performance
With outlet control

Without outlet control
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Potential Limitations of Outlet Controls
• Throttling media flow rates may result in increased
bypass
• Limited design, construction, and O&M experience
• Design may be challenging for smaller systems due to
smaller orifices
• Concerns about pollutant washout via longer periods of
saturated flow
• Full-scale evaluation of cost-effectiveness is needed
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RESEARCH DETAILS
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Research Questions
•

How does outlet-control vs. media-control affect the water quality treatment
performance of bioretention?

•

How does outlet-control vs. media-control affect the residence time of water in
bioretention?

•

Are there differences in plant health and vigor?

•

Does the use of small outlet-control orifices increase the O&M burden?

•

Does outlet-control result in more consistent hydraulic performance, initially
and over time?

•

What is the stage-storage-discharge relationship of the mesocosms? Do these
match those used in WWHM?
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Mesocosm Research Facility
• 20 existing bioretention mesocosms
– Currently contain media and plants
– Built to allow outlet controls, but never used

• Cistern to distribute site runoff to mesocosms
• Flow monitoring at outlet of each mesocosm
• Water quality sampling ports for autosamplers
• Original QAPP approved in 2010
• Monitoring conducted for several years
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Mesocosm Research Facility
Mesocosms
Outlet control
structures

Rain gauge
Data loggers

Flow monitoring
boxes
Water quality
sampling ports

Cistern with
weir boxes to
each mesocosm
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Mesocosm Research Facility
Full catchment
area = 72,084 sf
25% of flow to
mesocosms =
18,021 sf
334 sf media bed
footprint in use for
study
1.9% sizing factor
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Mesocosm Research Facility
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Experimental Design
Type

BSM Design
Description

Media-Control

Outlet-Control

Research Comparison

Mature
Mesocosms

Mesocosms with
standard BSM ( 60
sand / 40 compost)
and mature plants

3 replicates, 1 with full 3 replicates1, 1 with full Effect of outlet control on
standard BSM with
instrumentation and WQ instrumentation and
WQ sampling2
mature plants.
sampling2

Newly
Installed
Mesocosms

Newly installed
standard BSM and
plants.

3 replicates1, 1 with full 3 replicates1, 1 with full Effect of outlet control on
instrumentation and WQ instrumentation and
newly installed standard
sampling2
WQ sampling2
BSM.

Newly
Installed
Mesocosms

Newly installed
1 replicate with full
alternative BSM (Sand instrumentation and WQ
/ Coir / Biochar)
sampling

1 replicate with full
instrumentation and
WQ sampling

1 – All replicates will be monitored for hydraulics, vegetation, and maintenance.
2 – A subset of replicates will be monitored for water quality, soil moisture, and conductivity monitoring.

Effect of outlet control on
newly installed alternative
BSM.

19

Experimental Design
Monitoring Types
Inlet and outlet
flow
Surface ponding
and bypass
Soil moisture
Water quality

Fully-instrumented All mesocosms Details
mesocosms
Yes
Yes
Existing tipping bucket flow
meters
Yes
Yes
Level sensors and v-notch
weirs to be added
Yes
No
Soil moisture sensors to be
added
Yes

No

Six water quality sampling
events
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Experimental Design

Newly planted 60/40 standard BSM will be
sourced from three different suppliers

Mesocosm
Modifications
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Add V-notch overflow
weir

Add surface stilling well
w/ pressure transducer

Modify outlet controls
per study design

• Each mesocosm is 5 feet in diameter
• Outlet controls will be configured to
flow at 6 in/hr
• Standard BSM ksat = 12 in/hr
• Safety factor = 2
• Orifice diameter = ~1/4 inch

Replace BSM and
vegetation in
selected cells
Add soil moisture
sensors to
selected cells

Monitoring Phases
Phase

Duration / Frequency

Establishment 6 months after planting.
Expected Spring 2020 –
Fall 2020
Normal
Operating
Phase

Monitoring
Runoff routed to mesocosms and continuous hydraulic data
collection. No water quality or other testing.

18 months after
Runoff routed to mesocosms and continuous hydraulic data
establishment. Fall 2020 – collection. Periodic water quality and special testing events.
Spring 2022

Water Quality 6 sampling events during
Events
Normal Operating Phase

Cistern water will be dosed and then routed to mesocosms
during synthetic storm events

Special
3 testing events during
Testing Events Normal Operating Phase

Hydraulic conductivity testing, vegetation monitoring, and
residence time testing

Types of Monitoring
Monitoring Type

Applicable Monitoring
Phases

Description

Continuous hydraulic
monitoring

Establishment and
Normal Operating Phases

Continuous inlet flow, outlet flow, precipitation,

Water quality sampling

Water Quality Sampling
Events

Flow-weighted composite influent and effluent sampling during
synthetic storm events. Cistern water will be dosed to increase
pollutant concentrations.

O&M Monitoring

Establishment and
Normal Operating Phases

Regular orifice checks to assess any clogging issues.

Hydraulic conductivity
testing

Special Testing Events

Falling head testing with unrestricted outlets. Mesocosm will be
pre-saturated before conducting tests.

Vegetation Monitoring

Special Testing Events

Vegetation health and size measurements.

Tracer Testing

Special Testing Events,
Only During Phase 2

Application of a dilute salt pulse to selected mesocosms, then
monitoring to determine discharge concentration distribution

Data Analysis and Modeling
• Analysis of water quality and hydraulic performance:
– Outlet-controlled vs media-controlled
– Mature standard BSM vs. newly planted standard BSM
– Alternative BSM vs. standard BSM

• Modeling with WWHM to extend results to “real-world”
scenarios:
– Two soil types: glacial till and glacial outwash
– Two sizing scenarios: 91% capture and space constrained

Reporting
• Draft and Final QAPP: Spring 2020
• Project Status Reports to summarize testing events
– Submitted periodically throughout testing

• Interim Presentation to TAC: Spring 2021
• Final Report and Modeling Study: Timing TBD
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Questions?

