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Problem

“Traditional” Design
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Conveyance

Discharge
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Unintended Consequences

Unintended Consequences
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Unintended Consequences

Unintended Consequences
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Unintended Consequences

Unintended Consequences
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Unintended Consequences

Unintended Consequences

Hypoxia
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Unintended Consequences
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http://i.dailymail.co.uk/i/pix/2010/10/28/article-1324243-0BCB8805000005DC-203_468x286.jpg

Solutions
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Modern Design

Modern Design
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Modern Design

Modern Design
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Traditional Retrofits

 Quantity/velocity

OR

 Quality

NOT BOTH

 Expensive

Traditional Retrofits
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Retrofit: RSC

Regenerative Stormwater Conveyance

Regenerative Stormwater 
Conveyance
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Regenerative Stormwater 
Conveyance

Figure Obtained From:
Jane Hawkey, University of Maryland Center 
for Environmental Science
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Sequencing

Cascade w/ Pools

Alternating Riffles and Pools

From West VA Stormwater Management & Design Guidance Manual

RSC – Two Birds, One Stone

From Piolo Pascual ABS Project

 Quantity/velocity

AND

 Quality
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Retrofit: RSC

Regenerative Stormwater Conveyance

Substrate

Retrofit: RSC

Regenerative Stormwater Conveyance

Riffles and Pools

Alley et. Al 2002
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Retrofit: RSC

Regenerative Stormwater Conveyance

Substrate

 Infiltration

 Detention

 Filtering

 Nutrient uptake 

(anaerobic decomposition)

Retrofit: RSC

Regenerative Stormwater Conveyance

Riffles, Pools and

Cascades 

 Energy Dissipaters
 Sedimentation 

 Reduce sheer stress
 Lateral and vertical 

erosion
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Retrofit: RSC

Regenerative Stormwater Conveyance

Riffles, Pools, and 

Cascades

 Grade Control

 Storage
 infiltration

 Widen flow path
 infiltration

Retrofit: RSC

Regenerative Stormwater Conveyance

Vegetation

 Native

 Nutrient uptake

 Aesthetics

 Energy Dissipation

 Bank/substrate 

Stabilization (root mass)
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Retrofit: RSC

Regenerative Stormwater Conveyance
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Retrofit: RSC

Regenerative Stormwater Conveyance

Effectiveness

 RSC
 70% TP

 70% TN

 90% TSS

 Bioretention
 45% TP

 35% TN

 85% TSS

Retrofit: RSC

Regenerative Stormwater Conveyance

Effectiveness

 Quantity
 Storage

 Delayed Release

 Velocity/sheer stress 
reduction
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Retrofit: RSC

Regenerative Stormwater Conveyance

Effectiveness

 Traditional = 2-3 x RSC
/unit treatment

Retrofit: RSC

Regenerative Stormwater Conveyance

Effectiveness
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Retrofit: RSC

Regenerative Stormwater Conveyance

Research
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Retrofit: RSC

Regenerative Stormwater Conveyance

Modeling
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Inflow Hydrograph:
• Output from 

Upstream 
Model.

• Generated 
Hydrograph.

• Measured/ 
Monitored 
Inflow

Total RSC Cell 
Volume (ΔV)

Stage‐Storage 
Relationship 
ݒܵ ൌ ݂ሺ݄ݐ݌݁ܦሻ

ݏݏܽܯ	݂݋	݊݋݅ݐܽݒݎ݁ݏ݊݋ܥ
ݏݏܽܯ ൌ ሺܸሻ	݁݉ݑ݈݋ܸ 	∗ Density	ሺϕ)

Infiltration (Darcy Law):

ݍ ൌ െܭ
ܪ݀
ݏ݀

Overflow (Weir):
ܳ ൌ ଷ/ଶܪܮܥ

Final Outflow 
Hydrograph

	݁݉ݑ݈݋ܸ ܸ ൌ 	ݓ݋݈ܨ ܳ ∗ ݐ݀

ඵࢌሺࢗ ൅ ࢂࢊࡹࢊሻࡻ൅ࡹ࡯ࡿ

݁݉ݑ݈݋ܸ	݀݁ݐܽݎݐ݈݂݅݊ܫ ൌ
නݓ݋݈݂݊ܫ 	݄݌ܽݎ݃݋ݎ݀ݕܪ	 െ	නܱݓ݋݈݂ݐݑ	݄݌ܽݎ݃݋ݎ݀ݕܪ

Infiltrated up to 28,725 ݂ݐଷ!
(1/3 of  an Olympic Pool)
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% Infiltrated WQv Event
Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7 Cell 8 Total

Total 
Volume into 

Cell (ft3)
21726 14677 11040 9244 8006 7531 7263 6003 85491

Total 
Volume Lost 
to Infiltration 

(ft3)

7213 3889 2022 1368 419 472 1260 1121 17765

% Volume 
Infiltrated

33.20% 26.50% 18.32% 14.80% 5.24% 6.27% 17.35% 18.67% 20.78%

% Infiltrated 10-yr Event
Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7 Cell 8 Total

Total 
Volume into 

Cell (ft3)
117438 114940 112524 110857 108175 107285 106679 103995 881893

Total 
Volume Lost 
to Infiltration 

(ft3)

2826 2976 3184 2898 1166 1392 3049 2752 20242

% Volume 
Infiltrated

2.41% 2.59% 2.83% 2.61% 1.08% 1.30% 2.86% 2.65% 2.30%

Retrofit: RSC

Regenerative Stormwater Conveyance

Implementation
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Retrofit: RSC

Regenerative Stormwater Conveyance

Linda Lake

Retrofit: RSC

Regenerative Stormwater Conveyance

Linda Lake
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Baffles & IWS Zones 

Impervious Baffles

 Mimic bio-retention and IWS zones

 Improve WQ performance

Internal Water 
Storage (IWS) Zone 

Internal Water 
Storage (IWS) Zone 

From Anne Arundel County Design Guidelines

Retrofit: RSC

Regenerative Stormwater Conveyance

Little Jackson Creek/Up Ditch
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Unintended Consequences
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Path Forward

Path Forward
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Path Forward

Biofiltration Conveyance
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