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Aha! Moment
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Stormwater Quiz

• What is the Water Quality Design Storm?

• What does “First Flush” entail?
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Stormwater Quiz (continued)

• How dirty are our urban surfaces? (related: which ones 

are the biggest polluters?)
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Ohhhh… 

SNAP

• How are 

pollutant loads 

calculated in 

SNAP?
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DWR Asked Us to:

• Determine Pollutant 

Loadings from Pervious Land 

Uses

– Managed Woods, 

Meadow, Managed Lawns

• To Calculate Pollutant 

Loadings, we need 2 things:

• Annual VOLUME of Runoff, 

and

• The Concentration of 

Pollutants (EMC’s) 
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By Measuring Event Runoff Volumes 

(& Precipitation Depths) to Determine 

Annual Runoff Volume, we can back- 

calculate…
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The NRCS Curve Number !!!

• Where: Q* = Runoff 

Depth (in)

• P = Precipitation 

Depth (in)

• S = Potential 

Maximum Soil 

Moisture Retention 

(in)

• CN = Curve Number

𝑄
∗
 =

𝑃 − 0.2 𝑆 2

(𝑃 − 0.8 𝑆)

𝑆 =
1000

𝐶𝑁
 - 10
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Rain Gauges! – Manual & Tipping Bucket
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Your WQ Workhorse: The Weir
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Separated by 

a mere 2000 

years?

Rectangular Weir

Roman Castellum Aquae in 
Nimes, France
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Measuring 

Flow
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Peak Flow Reduction = 66%

Inflow Peak = 3.70 cfs

Outflow Peak = 1.26 cfs  

Volumes – Determine 
by Taking Area under 
the flow rate curve

(Integration!)
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The Automated 

Sampler

The sampler “pulls” 
aliquots based on:
1. Flow Rates
2. Rainfall Rates
3. Time Intervals

This is how EMC’s are 
measured/ calculated.
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OK, Let’s look at the monitoring sites

(Please take mental note… Quiz following)
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Managed Pervious Surface Study Sites

17

• Woods
• Durham Co.
• HSG D
• Monitored 

since Feb ‘22
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Managed Pervious Surface Study Sites
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• Woods
• NCMA, 

Wake Co.
• HSG B
• Monitored 

since Jan ‘23
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Managed Pervious Surface Study Sites

• Woods(?)

• Wilmington

• HSG A/B

• Monitored 

since Sep 

‘22
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Pervious Surface Study Sites

• Meadow

• Duke Forest, 

Orange Co

• HSG D/C

• Monitored 

since Sep ‘22
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Managed Pervious Surface Study Sites
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• Meadow
• NCMA, 

Wake Co.
• HSG B
• Monitored 

since Aug 
‘22
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Pervious Surface Study Sites
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• Managed 
Lawn

• NC State, 
Wake Co.

• HSG B
• Monitored 

since Mar ‘22
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Pervious Surface Study Sites
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• Managed 
Lawn

• Veteran’s 
Park, 
Wilmington

• HSG A
• Monitored 

since Aug ‘22
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What Site Produced Runoff Most 

Reliably?
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What Site Produced 

the Least Amount of 

Runoff?
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Guess How Many 

Storms Produced 

Runoff?

Includes 3.56” and 4.35” events
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Underlying Soil Really Matters!!!

• Score One (Big One) for the Curve Number Method!
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All other Sites have yielded at least 4 

runoff-producing events

• Woods sites

– Wet antecedent conditions, storms as small as 0.7” 

can trigger runoff

– Normal ADP, runoff-producing storms > 1.0”

• Meadow sites

– Typically need at least 1.0” of rainfall to generate 

runoff

• All (but NCSU lawn) had some storms > 1.5” that did not 

generate runoff
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Curve Number Calculation

• CN Calculation for NCSU grassed site on HSG B soil:

 66-69
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Antecedent 

Moisture 

Conditions Really 

Matter…

• Another “Win” for the 

Curve Number Method
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Let’s Talk (Nutrient) Pollution!!!
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What is your guess at typical nutrient 

concentrations coming off parking lots?

31

• TN: 1.63 mg/L 

(mean). 

– Range: 1 to 2.5 mg/L

• TP: 0.21 mg/L

– Range: 0.1 to 0.3 mg/L
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What land use 

yielded the highest 

nutrient 

concentrations?

• TN: 6.53 mg/L (!)

• TP: 1.56 mg/L (!!!)
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How do you think these other pervious 

landuses compare to (typical) asphalt 

runoff?
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TN: 1.79 – 3.97 mg/L

TP: 0.37 – 0.58 mg/L
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How do you think these other pervious 

landuses compare to (typical) asphalt 

runoff?

34

TN: 0.84 – 1.49 mg/L

TP: 0.08 – 0.44 mg/L

These 2 sites have the 
fewest amount of 
data. One of which, 
only 2 WQ samples
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This Study will continue through next Spring

• These Data will 

support some 

significant re-vamping 

of SNAP

– Curve Number- based 

hydrology in lieu of the 

Simple Method

– Changes to nutrient 

concentrations 

assigned to pervious 

land uses
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A Curiosity…

• Some of the Biggest 

Storms had the highest 

concentrations…

• E.g., a 1.86 in event 

yielded a 6.85 mg/L TN 

concentration @ 

NCMA Woods 

– 50% higher than mean
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Tell Me About the Water Quality Storm 

(Please)

• What is it (in NC)? • How do we treat it?
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When testing SCMs, we 

try to capture all storms 

b/w 0.25 & 2.0 in
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We (BAE Stormwater) Have a Fair 

Amount of Data

• Examined Data from 

11 Sites

• Did Big Storms (>> 1 

inch) carry a 

disproportional 

amount of load? Or

• Did capturing 1-in-ish 

events yield the clear 

majority of pollutant 

load?
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Cumulative TP Load, by Storm Rank
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40% of Load, in 2 storms (3.8” & 5.4”) 2 out of 18 storms
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Cumulative Loads, by Storm Rank
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68% of Total Load in 1 storm, 3.76” 1 out of 12
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Cumulative TP Loads, by Storm Rank
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37% of Total Load in 1 storm, 5.4” 1 out of 14
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Cumulative TP Loading, by Storm Rank

• 54% of load in 1 storm (of 10). 3.25 in
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Cumulative TSS Loading, by Storm Rank
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88% of Total TSS Load in 1 storm, 3.76 in
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Cumulative TSS Load, by Storm Rank

45

45% of TSS Load in 
1 (of 13) event(s)
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Cumulative TSS Load, By Storm Rank

• 64% of TSS Load in 1 event (of 11). 5.45 in
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So… What Does This Mean For Us?

• If these data are 

reflective of “normal”…

• How effective is 

catching a 1.0” event, 

treating it, and letting 

the rest of the storm 

bypass?

– Particularly for Nutrient 

Abatement
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Is the Future in Flow?

48

• Bioswales, 
like this 
one in 
Meck. Co, 
are 
designed 
for Flow 
Rates

• Not 
Capture 
Volumes
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Is the Future in Flow?

• Designing 

Wetlands like 

this one in 

Lenoir…

• Based on 

Flow Rates

• Not Capture 

Volumes
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Is the Future in Flow?

• Manufactured 

Treatment Devices 

are usually predicated 

on treating flow rates, 

not capture volumes.
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Is Catch & Release “Dead”?

• Nope.

• Limitations may exist for 

nutrient (& TSS) load 

treatment.

• NOT: Peak Flow Mitigation

• NOT: Healthy Stream Flows

• Perhaps not: other pollutants

• Perhaps not: ultra-urban sites

• Plus…
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Smart Controls!!!
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Other Goings-on at your Land Grant

• Rip-rap v. Deep Rooted 

Natives v. Turfgrass

– NCDOT

• RSC MDC’s

– NC DEQ & Greensboro

• Dry Detention 

Conversion to Wetlands

– NC DEQ & City of Durham

• Bioswales

– NCL&WF & City of 

Hillsborough

• Smart Control Outlet 

Discharge

– NCL&WF & City of 

Wilson

• Wetland Design on 

Flow Rate

– NCL&WF, Cities of 

Lenoir & Wilson

• Mountain SCM Design 

Supplement

• Wetland Maintenance 

Guidance

53



https://stormwater.bae.ncsu.edu/

Upcoming Events @ NCStateBAE

54

• Swales, Bioswales & RSC Workshop

– Gastonia, Raleigh, Coastal SC, On-line

– November & December 2023

– Co-hosted with Clemson University

• “Return of the MDC” Training (early ‘24)

• EPA Bioterrorism Workshop (Feb ‘24)

• Roman Engineering Events

– Aqueducts for the Holidays (Dec. 15th)

– Roman Engineering Marvels (in person, 

Edenton, June 6, 2024)

– Study Tour: Italy (October ‘24)
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Thank You (as always)! Questions?
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