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June 2017 Coastal Federation 
Building rain garden
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Stormwater Management vs. 
Landscaping

• Landscapers are trained to observe plant 
material and use soil and tissue analysis 
to fertilize to ensure good plant nutrition

• In stormwater we are trying to remove
nutrients

• Plant growth is secondary or tertiary
• Adding fertilizer will cause most BMPs to 

export nutrients, defeating their purpose
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Initial NCSU Research

• Relationship between P-Index (Soil Test P) 
and TP outflow load.

Greensboro Chapel Hill

TP +240% - 65%
P-Index 85-100 4-12

“We Bring Engineering 
to Life”

(Hunt 2003)P-Index 50-100: High 
P-Index 0-25: Low
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We have a lot of practices in the 
ground

• Our university campus alone has over 110 practices
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The City of Charlotte, NC
• 2800 BMPs At last 

count
• Courtesy of Charlotte 

Stormwater Services
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City of Philadelphia….  Green 
Infrastructure
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BMP I&M

• We began teaching I&M in NC in 2006
• We average 6 classes per year in NC
• 3598 people certified as of May 2019
• We teach customized courses in other 

states and countries
• Demand continues to grow as urbanization 

continues and cities adopt stormwater 
management and Green Infrastructure
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In practice, who does the work

Inspections
• Engineers, Landscape 

Architects, and local govt. 
officials do annual 
inspections

Maintenance
• Private landscape 

companies
• Private BMP 

maintenance companies
• Local govt. maintenance 

crews
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Annual SCM Inspections

• $500 average cost
• Performed by Professional Engineer or 

Registered Landscape Architect
• Certifies that the practice is working 

properly 
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Engineer/Inspector/Maintenance
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RLA/Inspector
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Monthly SCM Inspections

• Performed by maintenance contractor
• Uses check list – often provided by the 

local government 
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BMP East, BMP West



Stormwater BMP Maintenance & Inspection
Stormwater BMP 

Maintenance & Inspection

North Carolina is rainy!
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90 inches in Highlands                          37 inches in Horseshoe….
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Hurricane Matthew

Stormwater BMP 
Maintenance & Inspection
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Why is N.C. ‘Different’

• Second largest 
estuary in the U.S.

• Barrier islands restrict 
outflow
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The Science of 
Stormwater…

More Runoff

Arriving Faster

hydrograph
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Post-development streamflow

• Watersheds become ‘flashy’ 
– Almost every rain event creates a flash flood 

as water quickly runs off impervious surfaces
• (listen for National Weather Service flash flood 

warnings in urban areas after significant rainfall 
events)

– Streams dry out quickly after the flash flood as 
they are cut off from slowly infiltrating 
groundwater
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“Flashy” Urban Streams:
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First Flush
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Stormwater Regulated Areas of NC
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BMP Water Quality Credits
Neuse and Tar River Basins

N P
• Wet pond 25 40
• Wetland 40 35
• Bioretention                  40 45
• Grass Swale 20 20
• Veg Strip w/LS 20 35
• 50’ rip buff w/LS 30 30
• Permeable Pavements    40-60* 40-60*

* Coastal Plain & Sandhills Only
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What is Low Impact 
Development?

• Treating Runoff Locally
– Bioretention, Rain 

Gardens, Cisterns, 
Permeable Pavement, 
Swales, etc.

– PURPOSEFULLY 
EXCLUDES WET 
PONDS, DRY PONDS, 
& (often) WETLANDS
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BMPs are designed to treat 
post-construction runoff

Stormwater BMP 
Maintenance & Inspection
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Wet Ponds
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15 years later……
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Wet Pond Costs
• Maintained at least once a 

month
• Avg cost with no mowing $579 

per acre per month
• Cost with mowing $900 per 

acre per month 
• Restorative:

– Costs range from $1,800 to 
$20,000
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Wet pond routine maintenance
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Wet Pond Restoration

Thanks to Incompliance
Stormwater
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Dry Ponds
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Maintenance Costs:   Dry Ponds 
• Maintained monthly
• $821/acre/month with no 

mowing
• $1086/acre/month with 

mowing
• Restorative costs up to 

$14,000
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Dry pond mowing
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Dry Pond Restoration
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Stormwater Wetlands
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Maintenance Costs:  Wetlands
• Maintained monthly
• $679/acre/month with 

no mowing
• $992/acre/month with 

mowing
• Restoration costs 

average $20,000
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Routine Maintenance
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Restoration by dredging
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Bioretention Maintenance Costs
• Mulched systems
• Monthly visits
• $1395/acre/month 

with no mowing
• $1131/acre/month 

with mowing
• Restoration $20,000

Mulched systems
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Bioretention Maintenance Costs
• Turf systems
• Monthly visits
• $1244/acre/month 

with no mowing
• $1471/acre/month 

with mowing
• Restoration $20,000

Turf systems
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Routine Maintenance
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Bioretention Restoration
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Preliminary Data- Sand Filters 
• Maintained quarterly
• Routine costs vary between 

$300 and $1,600 
• Maintenance assess is key
• Restorative tasks:

– Cleaning by hand less 
expensive than renting 
vacuum truck 

– Will dig to “good” media 
and only replace “bad” 
media
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Streambank Repair Costs
• Live stake only
• 1 live stake per 

square foot at $.50 -
$1.00 each

• $1.00 per linear foot 
of stream
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Streambank Repair Costs
• Full repair:
• Lime, fertilize, seed, 

straw, live stake
• $10 per linear foot + 

Labor and Equipment
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Regenerative Stormwater 
Conveyance
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RSC Pre-exisiting Condition
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Level Spreaders
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Grassed Swales



Stormwater BMP Maintenance & Inspection

Green Roofs
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Green Walls
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Infiltration Basin
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Cisterns/ Water Harvesting
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Permeable Pavement
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Manufactured BMP Systems
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SMURF case study

• Santa Monica California
• High value water resource:  Beach
• High value urban landscapes
• Scarce and expensive irrigation water
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