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1. Research and development of stormwater treatment 
systems

2. To provide resources to stormwater communities 
currently involved in design and implementation of Phase
II requirements
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Important Contributions:Important Contributions:

••Cold climate evaluationsCold climate evaluations

••ParallelParallel--normalized testingnormalized testing

••ThirdThird--party evaluationparty evaluation



In much of the country stormwater runoff is In much of the country stormwater runoff is 
the #1  source of pollutionthe #1  source of pollution
Contaminated stormwater discharges are Contaminated stormwater discharges are 
responsible for the impairment of oneresponsible for the impairment of one--third third 
of all assessed waters in the United of all assessed waters in the United 
States, according to the EPA.States, according to the EPA.
40% of our rivers, lakes, and estuaries are 40% of our rivers, lakes, and estuaries are 
still too polluted for safe fishing or still too polluted for safe fishing or 
swimming. swimming. 

1952 Fire on the Cuyahoga River

When Did We Start to Care About When Did We Start to Care About 
Stormwater?Stormwater?
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Current ResearchCurrent Research

ResearchResearch11 shows that most SW TX failshows that most SW TX fail
2/3 of the time for some WQ constituents2/3 of the time for some WQ constituents

There is a lack of data examining stormwater There is a lack of data examining stormwater 
devices for treatment performancedevices for treatment performance

There are a large number of devices in There are a large number of devices in 
existence that are little used that may be existence that are little used that may be 
superiorsuperior

1 1 Ballestero T.P., S.H. Jones, N.E. Kinner (2004), Ballestero T.P., S.H. Jones, N.E. Kinner (2004), ““Water Quality Assessment of Storm Water Control SystemsWater Quality Assessment of Storm Water Control Systems””, Final , Final 
Report, Submitted to the NOAAReport, Submitted to the NOAA--UNH Cooperative Institute for Coastal and Estuarine EnvironmentaUNH Cooperative Institute for Coastal and Estuarine Environmental l 
Technology (CICEET)Technology (CICEET)
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Sediment Data (TS, TSS, VSS)
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Ecological Impacts of Imperviousness Ecological Impacts of Imperviousness 
and Hydrologic Alterationsand Hydrologic Alterations



Stream AlterationStream Alteration
Recent research examining impacts of climate Recent research examining impacts of climate 

change on rainfall depths demonstrated existing change on rainfall depths demonstrated existing 
urban infrastructure are underurban infrastructure are under--capacity by 35%capacity by 35%
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Is that TSS in your Is that TSS in your stormwaterstormwater??
100% Mass Removal!
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Where are we today?Where are we today?
PointPoint--source technology based source technology based 
standards have largely been successful.standards have largely been successful.
Water qualityWater quality--based standards based standards 
(nonpoint source) have been difficult to (nonpoint source) have been difficult to 
achieve and enforce.achieve and enforce.



Field Facility at theField Facility at the
UNH WEST EDGE LOTUNH WEST EDGE LOT

Tc ~ 22 minutesTc ~ 22 minutes
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Hydrodynamic 
Separator

Subsurface Infiltration 
Unit Filter Unit

Porous Asphalt

Retention Pond

Rip Rap Swale

Gravel Wetland Sand Filter
Bioretention Unit Tree Filter



BioretentionBioretention



Gravel WetlandGravel Wetland



Gravel WetlandGravel Wetland



Tree FilterTree Filter



= binder + aggregate= binder + aggregate
Modification of Open Modification of Open 
Grade Friction Course Grade Friction Course 
(OGFC)(OGFC)
Aggregate gradation is Aggregate gradation is 
coarse w/ few finescoarse w/ few fines
Asphalt binder often Asphalt binder often 
modified (polymers, modified (polymers, 
fibers) but not fibers) but not 
necessarynecessary
Air voids 18Air voids 18--22%22%

Standard Porous Asphalt Mixes

US Standard Sieve Size Percent Passing
1/2 in. 100
3/8 in. 95

#4 35
#8 15

#16 10
#30 2

Percent bituminous 5.75-6.0% by weight

Porous Porous 
PavementPavement
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How Do Permeable Pavements How Do Permeable Pavements 
Work?Work?
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PP PP vsvs OGFCOGFC
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I-95 North, June 
2005, OGFC overlay

I-95 North, June 2005, 
NO OGFC overlay

I-95 South, June 2005, NO OGFC 
overlay on right-hand side
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Hydrology

Traditionally we focused 
on peak flow reduction

Now we are being asked to 
address water quality and 
runoff volume reduction
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Pre and Post Development Hydrographs

Pre- development 
Peak matching Altered Hydrology due 

to increased volume & 
sustained high flows

Courtesy Jeff Dennis, ME DEP, and CEI
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Impact of DevelopmentImpact of Development
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Cold Climate Issues 



CHLORIDE TOXICITY DEFINEDCHLORIDE TOXICITY DEFINED
Courtesy of Doug Heath, USEPA Region 1Courtesy of Doug Heath, USEPA Region 1

CHRONICCHRONIC –– ““THE FOURTHE FOUR--DAY AVERAGE DAY AVERAGE 
CONCENTRATION OF DISSOLVED CHLORIDE, CONCENTRATION OF DISSOLVED CHLORIDE, 
WHEN ASSOCIATED WITH SODIUM, DOES NOT WHEN ASSOCIATED WITH SODIUM, DOES NOT 
EXCEED 230 MG/L (~850 EXCEED 230 MG/L (~850 uSuS/cm) MORE THAN ONCE /cm) MORE THAN ONCE 
EVERY 3 YEARS ON THE AVERAGEEVERY 3 YEARS ON THE AVERAGE””

ACUTE ACUTE –– ““THE ONETHE ONE--HOUR AVERAGE HOUR AVERAGE 
CONCENTRATION DOES NOT EXCEED 860 MG/L CONCENTRATION DOES NOT EXCEED 860 MG/L 
(2855 (2855 uSuS/cm) MORE THAN ONCE EVERY 3 YEARS /cm) MORE THAN ONCE EVERY 3 YEARS 
ON THE AVERAGE.ON THE AVERAGE.””

[SOURCE: USEPA, 1988, [SOURCE: USEPA, 1988, AMBIENT WATER QUALITY CRITERIA FOR AMBIENT WATER QUALITY CRITERIA FOR 
CHLORIDE CHLORIDE –– 19881988: OFFICE OF WATER REGULATIONS AND STANDARDS, : OFFICE OF WATER REGULATIONS AND STANDARDS, 
CRITERIA AND STANDARDS DIVISION, WASHINGTON, DC, EPA 440/5CRITERIA AND STANDARDS DIVISION, WASHINGTON, DC, EPA 440/5--8888--001, 001, 
P. 8]P. 8]
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% Salt Load by Source% Salt Load by Source

NHDES Estimate, 2006
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Chloride Concentration Jan-Mar 2005
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Seasonal MonitoringSeasonal Monitoring
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Filter Media Frost PenetrationFilter Media Frost Penetration
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Salt Reduction and Porous AsphaltSalt Reduction and Porous Asphalt

PA 1-HR AFTER PLOWING, 
11 AM -4*C

DMA 1-HR AFTER PLOWING, 
11AM -4*C
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Salt Reduction and Porous AsphaltSalt Reduction and Porous Asphalt
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Performance ResultsPerformance Results



The UNH Stormwater Center The UNH Stormwater Center 
20052005

Swale

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

TSS TPH-D DIN Zn TP

Summer
Winter
Annual

Performance Efficiencies -Conventional
Vegetated Swale

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

TSS TPH-D DIN Zn TP

Summer
Winter
Annual

Vegetated Swale

0
10
20
30
40
50
60

0 100 200 300 400 500 600
Time [min]

Fl
ow

 [g
pm

]

Influent
Effluent

                                                         Winter    Summer  Annual
Average Peak Flow  Reduction:           37%          55%         48%
Average Lag Time (min):                      27             15            19

Retention Pond

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

TSS TPH-D DIN Zn TP

Summer
Winter
Annual

Retention Pond

0

20

40

60

80

0 500 1000 1500
Time [min]

Fl
ow

 [g
pm

]

Influent
Effluent

                                                         Winter    Summer  Annual
Average Peak Flow  Reduction:          84%         79%           81%
Average Lag Time (min):                    540          321             424



The UNH Stormwater Center The UNH Stormwater Center 
20052005

Performance Efficiencies –Filtration/Infiltration
Bioretention
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Performance Efficiencies –Filtration/Infiltration

Pourous Asphalt 
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Performance Efficiencies –Filtration/Infiltration

Sand Filter
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Hydrodynamic Separators 
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Performance Efficiencies-Manufactured System

Aqua Filter 
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Temperature and Salinity Effects 
on Settling Velocity

The effect of T and [Cl-] is to 
nearly double the settling time 
from 1.6 to 3.4 cm/sec

TRANSITIONAL TURBULENT

••One important variable for hydrodynamic One important variable for hydrodynamic 
treatment systems is settling velocitytreatment systems is settling velocity

••Other variables that donOther variables that don’’t vary seasonally t vary seasonally 
include:include:

•• System volumeSystem volume

••Inlet and outlet size and elevationsInlet and outlet size and elevations

••Bypass configurationBypass configuration



The UNH Stormwater Center The UNH Stormwater Center 
20052005

While concerns exist for LID in cold climates, seasonal variatioWhile concerns exist for LID in cold climates, seasonal variations are ns are 
observed for conventional BMPs and Manufactured systemsobserved for conventional BMPs and Manufactured systems

Infiltration and filtration systems have the highest removal effInfiltration and filtration systems have the highest removal efficiencyiciency

The standard of practice is moderate at best, and low especiallyThe standard of practice is moderate at best, and low especially for for 
stone lined swalesstone lined swales

Systems dependent on particle settling show the greatest affect Systems dependent on particle settling show the greatest affect by by 
season and temperature variability.season and temperature variability.

Bacterial concentrations are only reduced significantly by LID sBacterial concentrations are only reduced significantly by LID systems ystems 
and subsurface infiltration (exception is sand filter)and subsurface infiltration (exception is sand filter)

Summary Conclusions
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Questions?Questions?

Mothers Day Floods May 2006
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MTEC

ME
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MPAC

So What Really Bugs You?So What Really Bugs You?
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NH NH ShellfishingShellfishing beds are closed after beds are closed after 
>1/4 inch of rainfall in 24 hours>1/4 inch of rainfall in 24 hours
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Bacterial Concentrations for Manufactured Systems
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