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“In the past four years NCC has been affected by three storm systems: Tropical Storm 
Henri (September 15, 2003), Tropical Storm Isabel (September 18, 2003) and Tropical 
Depression Jeanne (September 28, 2004). Tropical Storm Henri caused widespread 
damage to the community of Glenville spurring the largest housing purchase 
by State and County governments in Delaware's history due to storm 
damage: 171 homes were purchased just 8 months after the storm struck. Tropical 
Depression Jeanne spawned the first tornado New Castle County had seen in 15 years, 
ripping trees from the ground and severely damaging residential and business 
structures. Jeanne also initiated a buyout of the Newkirk Estates and Glendale 
communities. All in all, State and County governments spent over 

$34 million in two years to rectify storm damage.”
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Background

“The current stormwater regulations do not 
adequately address volume management of 
stormwater. This program deficiency has been 
recently addressed by surrounding states with 
new program requirements.  Increased emphasis 
on recharge and infiltration of stormwater 
where technically and environmentally feasible, 
has to be endorsed by changes to the existing 
body of law.”



Task Force on
on Surface Water Management

• Specific Recommendations for 
Drainage & Stormwater Section



Recommendation #2 (approved 3/17/05) 

A central response unit coordinated by DNREC in 
conjunction with county or municipal utilities should 
be created for handling public calls related to 
drainage, stormwater, and flood control.  A new 
process and response procedure for addressing 
citizen complaints related to stormwater facilities 
and flooding needs to be established. Citizens 
should be provided with a single point of contact. 



Drainage & SW Assistance “Hotline”



Drainage & SW Assistance Database

• System went live 
August, 2007

• Over 7,500 
complaints logged 
into system to 
date

• Avg. 800 
complaints/yr



Recommendation #9 (approved 3/17/05) 

“Design and engineering standards at the State 
level should be strengthened through a revision 
to the Sediment and Stormwater Regulations.
Minimum standards should address volume 
management, conveyance adequacy, pollutant 
loadings, floodplain management, strict 
standards for operation and maintenance of 
structures and management areas.”



Recommendation #25 (approved 3/24/05)

Aquifer recharge should be considered as part of the design,
construction, operation, and maintenance of stormwater
facilities.

Recharge of surface water in developed areas with
impervious surfaces will result in reduction of overland
runoff (surface water volume reduction), improved
surface and ground-water quality, and increased
base flows of streams.



History of Reg Revisions

• Task Force Report – April 2005
• RAC first meeting – October 2007
• Tech Sub first meeting – February 2008



Problems w/old regs

• Pitt study; 90th percentile runoff event
• Pizzuto study
• Streams as main TSS source

– USGS report



Pitt’s Accumulative Runoff Curve
(2004)

• Based on WinSLAMM modeling of 
med. density residential site with silty
soils using BWI rainfall

• Most of annual runoff associated 
with rainfall > 1”
90th Percentile Runoff Event = ~3”

Source: Pitt & Voorhees (2004)

90%

3”



UD Sedimentation Study
(2004)

• 8 SWM detention 
basins in 
Middletown, DE

• “The data indicate 
that the thickness 
of sediment fill in 
the detention 
basins is 
remarkably small.”





USGS Chesapeake Bay Sediment Study
(2008)

• Little Consestoga Creek WS   
(Piedmont MD)

• Mixed Land Use                  
(Ag, Urban)

• Major Sediment Sources
– Cropland (37%)

– Streambanks (63%)



USGS Chesapeake Bay Sediment Study
(2008)

• Mattawan Creek WS         
(Coastal Plain MD)

• Mixed Land Use                  
(Forest, Ag, Urban)

• Major Sediment Sources
– Cropland (17%)
– Construction (25%)
– Forest (29%)

– Streambanks (30%)



Significance of bankfull discharge

• USFW reports; Piedmont/Coastal Plain
• D. Smith Study



Bankfull Discharge



Bankfull Discharge



USFW Bankfull Discharge Studies
(2002 & 2003)



USFW Bankfull Discharge Studies
(Piedmont MD)

avg ≈ 1.07



USFW Bankfull Discharge Studies
(Coastal Plain MD & DE)



USFW Bankfull Discharge Studies
(Coastal Plain MD & DE)

Mean ≈ 1.16



Ayers Study – Pepper Creek TD
(D. Smith, 2008)

• “It appears that 
the Pepper Creek 
Tax Ditch 
channels have a 
bank full capacity 
near the 1-year 
peak flows”



Ayers Study – Pepper Creek TD
(D. Smith, 2009)

Fig. 4 – Inflow hydrograph showing the minimum 1-year storm runoff volume that 
would have to be stored to prevent exceeding the bank full capacity of the channel at 
location P057+65U, Pepper Creek upstream of Prong 13.



Tie-in w/TMDLs

• CB TMDL Executive Order
• Pollutant load reduction vs RR analysis



History of Reg Revisions

• Task Force Report – April 2005
• RAC first meeting – October 2007
• Tech Sub first meeting – February 2008



Total Maximum Daily Load

• (def) – the total pollutant loading that a 
waterbody can receive and still meet 
water quality standards

• For stormwater runoff, typically measured 
as an annual load



Key

LDR‐HSGA: Low Density Residential, 20% Imp., HSG A
LDR‐HSGC: Low Density Residential, 20% Imp., HSG C
MDR‐HSGC: Medium Density Residential, 40% Imp., HSG C
HDR‐HSGB: High Density Residential, 60% Imp., HSG B
COM‐HSGB: Commercial, 80% Imp., HSG B



w/Minimum Runoff Reduction



History of Reg Revisions

• Task Force Report – April 2005
• RAC first meeting – October 2007
• Tech Sub first meeting – February 2008
• Chesapeake Bay TMDL – November 2009



Theory vs. Reality

• Local evidence of hydrologic impacts
– NCCD photos
– Tax ditch photos



“Reality Check”



Evidence of Hydrologic Impacts

Calf Run (NCCo)



Evidence of Hydrologic Impacts

Bunting TD (SCo)



Evidence of Hydrologic Impacts

Nanticoke TD (SCo)



Evidence of Hydrologic Impacts

Pepper Creek TD (SCo)



Pepper Creek

• Historic aerial photos at Prong 13
• Complaints database image
• Streetview image upstream/downstream 

conveyance channel



Pepper Creek TD
“Virtual Tour”



Virtual Tour of Pepper Creek TD

Dagsboro →



Virtual Tour of Pepper Creek TD

1937



Virtual Tour of Pepper Creek TD

1992



Virtual Tour of Pepper Creek TD
2007



Virtual Tour of Pepper Creek TD



“The Future”

• Complaints database stats
• Complaints database image of Ocean 

View area





Drainage & SW Assistance Database



Return Period vs. Exceedance Probability

• 100-YR = 1% Prob.
• 10-YR = 10% Prob.
• 1-YR = 99.9% Prob.



RPv Goals



RPv Goals



RPv Goals



HYDROLOGY!!!

RPv Goals



HYDROLOGY!!!

QUESTIONS???


