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Outline



 Hinkson Creek
• On 303(d) List since 1998
• Aquatic life impairment

 Impairment Reason
• Urban runoff sources
• Pollutants unknown

 TMDL (2011) 
• Reduce stormwater runoff 
• Help “No longer impaired”

Background



 Characterize reduction of common urban 
stormwater pollutants 

 Quantify runoff volume reduction

 Implement BMPs and study their performance
• Pollutant load reductions 
• Hydrologic response
• Variety of storm events over several years

Project Objectives



 Grissum Building
• 10 acres
• Industrial operations
• No stormwater 

management

• Owned and operated 
by the City

Existing Conditions



 Two BMPs implemented
• Bioretention cell

• November 2012 –
January 2015

• 11 rainfall events

• Step pool system
• September 2012 –

December 2014
• 20 rainfall events 

Project Design



 Step pool system
• Treatment area – 2.2 

acres
• With sand filters

 Bioretention
• Treatment area – 1.3 

acres
• With underdrains

Project Design



Project Design – Step Pool



Project Design – Step Pool



Project Design – Step Pool



Project Design – Bioretention



Project Design – Bioretention



 Auto Sampler
• Hach Sigma 900 max 
• Installed at inlet and outlet

 H-flumes for flow 

 Storm Event
• >0.2 inches rain in 24-hours
• Tipping bucket rain gauge

 Min. antecedent dry period
• 6 hours

Field Setup



 Ultrasonic Sensor
• To measure depth of water
• At inlet and outlet
• For flow computations

 Records collected
• Water level
• Flow
• Precipitation
• Every 5 minutes

Field Setup



 Sampling methodology
• Flow-weighted composite samples
• Event mean pollutant concentrations
• Sample aliquots composited into a 2.5 gal bottle
• Constant flow volume/ variable time approach
• All samples were containerized, preserved and handled 

per QAPP and lab quality control manual.

Field Sampling



 Target pollutants

Field Sampling



 Laboratory analyses
• Standard analytical methods

• Methods for the Examination of Water and Wastewater
• 40 CFR 136

Field Sampling



 Baseline sampling 

Baseline Sampling Results



Precipitation and Flow



Step Pool Maturation

July 2013

July 2014



Results – Step Pool



Results – Step Pool



Flow Reduction



Results – Bioretention
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Results – Bioretention
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Results – Bioretention



Results – Bioretention
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Results – Bioretention
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Results – Bioretention



Flow Reduction



 Monte Carlo simulation was used

 Predicted annual average pollutant reductions

Annual Average Removals

Grissum
Building BMP

TSS Load
Reduction
(tons/yr)

TP Load
Reduction

(lbs/yr)

TN Load
Reduction

(lbs/yr)

Step pool 25 24 79

Bioretention 40 399 78



 Step Pool Conveyance System
• Mature vegetation enhances pollutant removal efficiency
• Routine maintenance is key for gathering representative data (see 

images

 Bioretention
• Establish a robust maintenance program prior to implementation
• Proper outlet flow monitoring design is important – must consider 

accurately measuring the entire range of flows (infiltrated vs 
overflow) 

• Mature vegetation enhances pollutant removal efficiency

Lessons Learned



Bioretention - Maintenance



Gravity Flow Media Filter Schematic (hydraulic failure mechanisms)

Bioretention - Design



1) Empty Media Bed 2) Media Bed Filling

Bioretention – Enhanced Design


