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To provide information, education 

and assistance to land use 
decision makers in support of 
balancing growth and natural 

resource protection.  
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CLEAR’s Target Audience 
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�   The maximum amount of a pollutant a waterbody can receive 
without adverse impact to designated uses�

�   Under section 303(d) of the Federal Clean Water Act (CWA), 
states are required to develop TMDLs for impaired waters�

�  The end result is a Water Quality Management Plan with 
quantitative pollutant load reduction targets �

Total Maximum Daily Load 
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What’s polluting Connecticut’s rivers? 

Source of Impairment
�   Unknown
�   Unspecified Urban Stormwater
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And in Rhode Island? 
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Urban Stream Syndrome�

Walsh et al., 2005

The mechanisms driving the syndrome are complex and 
interactive, but most impacts can be ascribed to…urban 
stormwater runoff delivered to streams by hydraulically 

efficient drainage systems.�
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Hydrologic Impacts of Development 

More Runoff�

Arriving Faster�
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The Effects of Urbanization 
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The Effects of Urbanization 



Center for Land Use Education and Research at the University of Connecticut sityyyyyyyy oooooooooooooooofffffffffffff CCCCCCCCCoooooooooooonnnnnnnnnnnnnnnnnnnnnnnneccccccccctttttttttttiiiiiiiiiiicccccccccuuuuttttttttttt

The Effects of Urbanization 
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IImpervious Surfaces 

Materials like cement, asphalt, roofing, and 
compacted soil that prevent percolation of 

runoff into the ground.  �
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The (Updated) Impervious Cover Model  

From Schueler, et al., 2009. �
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• Geomorphic (stream form) indicators�
• Hydrologic Indicators�
•  Stream Habitat Indicators�
• Water Quality Indicators�
• Aquatic Diversity Indicators�

The Strength of the Evidence 

More than 200 studies on relationship  between IC and 
stream quality:�
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2.  It s tangible &  measurable�

1.  It simplifies complex impacts but is 
based on solid science�

Impervious Surface as an Indicator 

3.  It s generated by local land 
use regulations�
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And what about in CT? 
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 125 sites �

•  < 50 square miles drainage �

•   No point sources�

•   No streams with portion of watershed in another state�

•   Consistent level of sampling effort over time   

Linking Bug Data with Impervious Cover Data�
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Linking the Bug Data with Impervious Cover Data 

None of the 125 study sites with IC over 12% met 
CT’s aquatic life criteria for a healthy stream. 
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�   IC can be used as surrogate �

�   Target is 11% impervious cover  (12 – 1)�

�   Benefits of Using IC �
✓  Simplifies complex impacts but based on good science�
✓  Good correlation between IC and stream health�
✓  IC data available statewide�
✓  Measurable and generated by local land use�

9999999

+�

Enter the IC-TMDL 
�������	
�����
�����	��
���	����
�����	���	��
��������������	
�	�������������������
������
�������
��
�������
	����
��������	
�������� �
��
!���������	
�	��	�
�����	���

�!��	����
	��"#$��



Center for Land Use Education and Research at the University of Connecticut 

Eagleville Brook Watershed 

• 2.4 sq miles�
• UConn and Town of 

Mansfield�
• No MS4s�

• 18% watershed IC�
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Project Partners 
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Eagleville Brook watershed 

�

brook runs underground 
below much of campus�
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The many-splendored IC of Eagleville Brook 
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Center of Campus = Highly Urbanized 
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Goal is not to reduce the % IC in the watershed per se, but to 
reduce the impact of IC through stormwater management to levels 
equivalent to  < 11% IC 

Project Goals 

The emphasis is on runoff (volume) 
reduction, but opportunities to 
improve water quality will not be 
neglected�
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Implementation Strategies 

1.  Reduce IC where practical �
�

2.  Disconnect IC from surface waterbody (e.g., disconnect 
roofs)�

�

3.  Retrofit with distributed stormwater practices (LID) to 
reduce runoff volumes & improve water quality�

�

4.  Increase tree canopy cover and restore permeability of 
open areas�

5.  Change plans & regulations to promote use of LID�
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A site design strategy intended to maintain or replicate a 
site’s natural hydrology systems through the use of small-
scale controls integrated throughout the site to manage 
runoff as close to its source as possible 

LLow Impact Development (LID)(?) 
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Key LID Concepts 

•   Preserve the pre-development hydrology�
•   Site-level stormwater control�
•   Deal with the Water Quality Volume (first 1” of rainfall)�
•   Minimize disturbance on site�
•   Use a “treatment train” approach to stormwater�
•   Maximize travel time�
•   Treat stormwater as a resource rather than a waste product�
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Site Level:�
Low Impact Development�

• Bioretention 

• Rain Gardens

• Vegetated Swales, Buffers, and Filter Strips

• Permeable Pavements

• Rainwater Harvesting

• Green Roofs
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But Does it Work??�

• Bioretention

• Rain Gardens

• Vegetated Swales, Buffers, and Filter Strips

• Permeable Pavements

• Rainwater Harvesting

• Green Roofs
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LID…Connecticut-style 

Conventional 

LID Cluster 

Glen Brook Green (Jordan Cove) �
Research/Demo Project�
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““LID Cluster” subdivision 
 cluster layout 

-  12 lots clustered on 6.9 acres  
-  Designed to minimize site runoff

Low- mow areas 

Bioretention cul-de-sac 

grassed swales 

pervious & shared 
driveways Rain gardens 
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Jack Clausen’s $ 1M graph… 

Conventional LID 

Adapted from J. Clausen, UConn 
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Can it be done??? 

1.  Mapping Analysis�
•      characterizing IC and drainage �

2.  On-the-Ground Investigations�
•  characterizing IC and drainage, part 2�
•  locating retrofit options & opportunities�

3.  Back at the Desk�
•  prioritizing projects�
•  codifying procedures�

4.  Keeping Track�
•  Is it as easy as it seems?�
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Collection Digital Data for the Watershed 
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Mapping analysis 

• Original IC estimates based on 2002 
ISAT and land use coefficients�

• Revised IC based on digitized 
measurements from high resolution 
2008 aerials�
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On-the-Ground Investigations:  watershed boundary 

• Revised watershed 
boundary based on 
field verification�

�
• Revisions to 

boundary changes 
TMDL drainage area 
and IC assumptions�

�
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Drainage in urban areas is not obvious 
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•  Identifying “disconnected” IC�
• Drains to pervious area �
• Managed by existing BMP�

• 51 acres  of IC already 
disconnected in upper
subbasin�

On-the-Ground Investigations:  disconnected IC 
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On-the-Ground Investigations 

Eagleville Brook TMDL Estimate 
Desktop 
Adjusted 

Field  
Adjusted 

Watershed DA (ac) 1225 ac 1225 ac 1199 ac 
Watershed IC (ac) 145 ac 218 ac 167 ac 
Watershed IC (%) 11.80% 17.80% 13.90% 
IC to Disconnect (ac) 34 ac 107 ac 35 ac 
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On-the-Ground Investigations: Opportunities 

• Retrofit Assessment�
•  51 sites visited�
•  110 individual retrofits identified�
•  127 IC acres potentially managed�

• Met with UConn planners, researchers, facility 
managers�

�

• Link with Master Plans and Landscaping�



Center for Land Use Education and Research at the University of Connecticut 

Retrofit Types 

•  Bioretention�

•  Swales�

•  Tree planters/filters�

•  Gravel-based 
wetland�

•  Sand filter�

•  Green roofs�

•  Cisterns�

•  Pervious pavement�

•  Soil Amendments�
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Redesign to make use of bioretention, permeable pavement�

Gettysburg College, Gettysburg, PA�

IC-TMDL Strategies 

Large surface parking lots�
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Concentrate on roof runoff using green roofs, cisterns, 
and rooftop leader disconnects to rain gardens�

Center campus / academic core�

IC-TMDL Strategies 
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IC-TMDL Strategies 

Pervious and/or redesigned walkways, rain garden 
bioretention, roof leader disconnects�

Dorms/Residence Areas�
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IC-TMDL Strategies 

Innovative biological stormwater BMPs to reduce impact of runoff from 
athletic fields & facilities�

Peripheral areas: athletic complex�

Existing stormwater 
wetland draining 
Hilltop residential 

complex�
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IC-TMDL Strategies 

Combine aesthetics, stormwater management & 
safety with traffic calming & vegetated strips�

Roads�

Proposed gravel wetland�



Center for Land Use Education and Research at the University of Connecticut 

IC-TMDL Strategies 

Increase tree cover in collaboration with UConn Master Landscape Plan�

Campus-wide�

From draft Landscape Master Plan�
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Prioritizing Retrofit Opportunities 

51 retrofit 
opportunities 

analyzed�

“Top Ten” 
opportunities 

selected�

Complete site reports 
& 25% drawings for 

Top Ten 10�
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Considerations for Top 10  

•   Amount of IC removed / disconnected�

•   Use of different LID practices�

•   Locations in various parts of campus�

•   Retrofits involving different types of development  
(academic buildings, dorms, parking lots, etc.)�

•   Education potential�

•   Feasibility & opportunity (timeline & cost)�

•   WQ benefits beyond just reduction of volume�
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Road Map to IC TMDL Implementation 
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The “mashup” 
nd Research at thee  UUUUnnnniiiivvvveeeerrrrssssiiiittttyyyy ooooffff CCCC ttttttttttttttttiiiicutthe University of Connect



Center for Land Use Education and Research at the University of Connecticut CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr  fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffoooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooorrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnndddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd  UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee   EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddduuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttttttttttttttttttttttttttttttttttttttttiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiioooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnndddddddddddddddddddddddddddddddddddddddddddddddddddddddd  RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRReeeeeeeeeeeeeessssssssseeeeeaaarcchhhhhhhh aaaaattt tttttthhhhhheeeee UUUUUnnnnniiiiiivvvvvveeeerrrrrrrssssssssiiiiiiiiiiittttttttttttyyyyyyy  ooooooooofffffff CCCCCoooooonnnnnnnnnnnneeeeeccccccccccttttttttiiiiiiiccccccccuuuuutttttttt

Questions or comments?�
�

REST PERIOD�
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•  Technical report is done�

•  Watershed Based Plan      
�drafted, in review�

•  Implementation has begun�

�

Project Status 
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9-Step Watershed-Based Plan 

cut

1.  Re-emphasize strategies & priorities �

2.  Provide a single cohesive reference document �

3.  Create a standard process for incorporating LID�
    - use of LID checklist�
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•  Insert LID into subdivision, road standards�
•  Recommend similar LID checklist�

Next up:  Town of Mansfield regulations 
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Basic Concepts of TMDL Implementation 
�
�  The goal is to apply implementation concepts to all of 
campus and town, not just to the Eagleville watershed�
�
�  Implementation will be integrated with the Master 
Plan, Master Landscape Plan, Sustainable Development 
Guidelines and Master Drainage Plan at Uconn;  POCD, 
regulations and road standards in Mansfield �
�
�  Implementation will take place during the course of 
ongoing UConn and Mansfield activities, as opportunities 
occur at the site level�
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The Need for Codifying New Procedures at UConn 
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Progress (?) 
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Field House Porous Concrete Parking Lot 
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Field House Porous Concrete Parking Lot 
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Towers Apartments Porous Asphalt Parking Lot 
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Northwoods Apartments 

Rain gardens 
for all roofs�

Porous concrete 
parking stalls�
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Green Roof 



Center for Land Use Education and Research at the University of Connecticut 

In process… 
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On the drawing board 
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Lot 9 

Linear bioretention 
swales�

Bioretention 
cells�
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Proposed gravel 
wetland 

“The gravel wetland does an exceptional�
job of removing nearly all of the 

pollutants commonly associated with 
stormwater treatment…�

Univ. of New Hampshire Stormwater Center�

Athletic Complex – Gravel Wetland 
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Tracking Progress 

Tracking progress is not as easy as it seems.�
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2.   Volume Reduction�
•  Stream volume monitoring at downstream weir�
•  Runoff reduction estimates in report�
•  Possible runoff reduction modeling by UConn Engineering Dept.�

1.   Impervious Cover Mitigation�
•  IC reduced (pervious lots)�
•  IC disconnected (bioretention)�

3.   Beyond Volume & Cover�
•  Water quality projects (gravel wetland, source reduction)�
•  Rehabilitate & plant trees�
•  Rehabilitate soils�
•  Restore stream buffers�

4.  Back to the Bottom Line:  Bugs�

Tracking Progress 
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Adding up the acres 
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Estimated Benefits after Implementation   

Sites 
 

Watershed  
IC 

Runoff 
Reduced  

(CF) 

TN 
(lb/yr) 

TP 
(lb/yr) 

TSS 
(tons/yr) 

Top 10 
Retrofit 
Sites 

11.1% 
 

797,600 
 

207.5 
 

37.5 
 

3.2 
 

All 51 
Retrofit 
Sites 

8.7% 
 

2,494,150 
 

521.5 
 

72.4 
 

7.5 
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 Accounting Issues�

1. Is it OK to take already disconnected IC off the table?

Tracking Progress 
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2. What’s “pervious,” and how does that fit into the picture?�

Tracking Progress 

 Accounting Issues�
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 3. How do we give credit for “partial” IC disconnection?�
(We account for it in the volume estimates, but not the IC estimates).�

Tracking Progress 

 Accounting Issues�

65%?� 95%?�
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 4.  How do we give credit for water quality practices that have no real 
effect on water quantity / disconnection?�

Tracking Progress 

 Accounting Issues�
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Beyond IC acres:  monitoring weir�

•  Collaboration with Jack Clausen in NRE at UConn�
•  Real-time equipment just installed�

Tracking Progress 
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What watershed scale is appropriate for an IC-TMDL?�

22%

5%

35%

18%

(corrected numbers, before subtracting disconnected IC)�

Remaining Questions 
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Important considerations/lessons 

at the University of Cot the Universityyyyyyyy of Cooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeccccccccccccccccccccccccccccccccccccccccctttttttttttttttttttttttttttttttttttttttttttttttiiiiiiiiiiiiiiiiiiiiiiiiiiiiccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuutttttttttttttttttttttttttttttttttttttttttttttt

1.  There were discrepancies between actual IC and                    
TMDL estimates�

2.  Field verification resulted in re-drawing of watershed 
boundaries �

3.  You gotta look in a lot of manholes to track urban 
drainage    �

4.  Determining connected vs disconnected impervious area 
can be difficult   �

Importance of Field Work�
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Important considerations/lessons 

1.  It’s challenging to find feasible, cost-effective retrofits in 
dense campus (urban) setting�

2.  An opportunistic approach is more likely to get things 
done than a rigid list and schedule�

3.  Make friends with (and educate) your local landscape 
architects�

4.  A simple checklist can be a powerful tool to promote LID, 
by putting the burden of proof on applicants�

Doing Stuff�
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Important considerations/lessons 

Sticking with the learning curve�
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A quick fix during the field survey 
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Today’s Tale 
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Coming to a watershed near you soon! 

•  TMDLs�

•  NPDES Stormwater permits�

National Academy of Sciences Report (2009)�

“A more straightforward way to regulate stormwater 
contributions to waterbody impairment would be to 
use flow or a surrogate, like impervious cover, as a 
measure of stormwater loading.”�
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Yes, it’s working...�

(so far)�

(Final tentative, interim, provisional conclusion) 
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Important considerations/lessons 

1.  Acres of IC disconnected ain’t perfect, but is a good usable 
interim metric�

2.  That said, there are a lot of gray areas about determining 
disconnection (what’s pervious?  How much is disconnected?)�

3.  Who will keep track of long-term (hydrologic, biological)
impacts?�

Keeping Track�

Research at the University of Connecticut
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One year of flow data 

•  Runoff coefficient = 0.72    �
• Watershed of weir has 48% IC�


