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Stormwater BMP Maintenance & 

Inspection

North Carolina is rainy!
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Stormwater BMP Maintenance & 

Inspection

90 inches in Highlands                          37 inches in Horseshoe….
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Is there a connotation to clean 

water in our culture?
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Is water related recreation 

important to North Carolina? 
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Water related recreation is 

important to North Carolina! 

In a 2008 study, trout fishing 

contributed to more than $174 

million to NC’s economy
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Tourism and Water ???



Stormwater BMP Maintenance & Inspection

Why NC Cares

“We Bring Engineering 

to Life”
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NC 6th fastest growing state,

10th most populous
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Maintenance & Inspection

Urbanization Increases Stormwater Flows
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Boone, 

NC
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Stormwater effects 
Boone Mall January 2013
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In the news…
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Stormwater BMP Maintenance & 

Inspection
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Maintenance & Inspection

Stormwater effects

• Streambank erosion from 
‘flashy’ flows
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Streambank Erosion

test

Results and discussion Radiocarbon and 

magnetic susceptibility measurements 

confirmed the presence of “legacy” 

sediment in the Ellerbe and New Light 

Creek valley bottoms.

Mixing model results demonstrate that 

stream bank erosion is the largest 

contributor to the suspended sediment load 

in New Light Creek (62%), Ellerbe Creek 

(58%),

Conclusions We find that stream bank 

erosion is the largest nonpoint source 

contributor to the suspended sediment 

load in three of the four catchments 

and is therefore a significant source of 

turbidity in Falls Lake.
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Common runoff pollutants

• Dumpster juice
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Car
Juice???

DRAFT
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Stormwater Rules and 

Regulations
• EPA Phase I of NPDES 

– Cities > 100,000

• Neuse Rules

– 1998

• Tar Rules

– 2001

• EPA Phase II of NPDES 

– Communities > 10,000 – 114 listed as of 2014
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Stormwater Regulated Areas of NC
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N.C. Cities/ Communities 

Requiring BMP I&M
• Forsyth County

• Wilson

• Jacksonville

• Cary

• Apex

• Charlotte/Mecklenburg

• Durham

• Greensboro

• Asheville/ Buncombe 

County

• Greenville

• NC State University & 

UNC-Chapel Hill
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Old Habits…
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Inspection and Maintenance?

• Should cars and trucks be maintained?

– Life span with no maintenance is….

• Should roads be maintained?

• Are BMPs any different?
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BMPs are specialized landscape 

features designed to control 

stormwater  quantity and quality

• Regular inspections are needed

• Inspect during rainfall events

• Use a maintenance checklist

• Focus on preventive maintenance to avoid 

costly corrective maintenance and repairs



Stormwater BMP Maintenance & Inspection

If We Ignore BMPs There Are 

Safety and Liability Issues…
• Dam Failure
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Safety and Liability
• Outlet failure will lead to dam failure
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Safety and Liability
• Windfall or tree death could lead to dam failure
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Fire Ants can Cause Dam 

Failure
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Safety and Liability

• Failed bioretention = ideal mosquito habitat
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Safety and Liability

• Trash = mosquitoes, outlet clogging
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Safety and Liability

• Structural failure
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Do they need to look good?

If a BMP or landscape looks good, people are more inclined to

respect them and take care of them
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Safety and Liability

• Line-of-sight barriers and hide-outs….
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Safety and Liability

• Localized flooding
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Safety and Liability

• Dangerous Outlet…..
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Safety and Liability

• Dangerous Outlet…..
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“We Bring Engineering to Life”

‘Old style pond – steep banks, 

deep water

BMP Manual: slopes no steeper 

than 3:1, include vegetative shelf

Drowning hazard
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Safety and Liability

Safety Shelf Helps
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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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Are they being maintained?

Cary Stormwater BMPs (2007)
• Approximately 425 BMPs in Cary 

• According to one of Cary’s inspectors:  

Timothy Grady, RLA:

• 95% of BMPs failed initial inspection as 

they require repairs

• Most repairs are maintenance related:  

erosion, trash removal, tree removal
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Enter the…BMP Inspection & 

Maintenance Certification
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www.bae.ncsu.edu/topic/bmp-im
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Our (Initial) Target Audience…
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The man with the mower…

• ‘Walks’ the property 

every time he mows

• Should be trained to 

recognized early 

signs of problems 

such as:

• Erosion, clogged 

outlets, security 

breaches, etc
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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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Attendees…

• 19 % Engineers and Landscape Architects

• 24% Landscapers

• 57% government officials

– Inspectors

– Maintenance workers
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Why Are We Here?
Cary Stormwater BMPs 2014

• Approximately 950 BMPs in Cary 

• Cary has digital tracking system for BMPs

• Strong educational program for 

contractors

• Must pass initial inspection to get C/O

• ~ 95% pass first annual inspection now
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Cary Inspection Program 

Requirements
• Annual report with photos

• Submitted electronically

• Inspection by qualified professional

• 30 days to correct if failed

• NOV and enforcement  afterwards
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List of Certified Professionals 
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BMP I&M is good for Business 

and the Environment
• Landscape maintenance business goes up 

and down with the economy

• BMP I&M is required by many 

communities

• Companies are starting (and flourishing) 

that do nothing but BMP I&M
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BMP East, BMP West
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Inspection
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Inspection
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The Business of BMP I&M suppliers

• Wade Moore Sand Co., Louisburg, NC

• Concrete sand $8.00/T

• Bioretention mix $14.00/ton
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Stormwater Management vs. 

Landscaping
• BMPs are built for control of runoff and 

flooding

• BMPs are built for water quality 

improvement

• Landscape and aesthetic value is 

important but secondary…

• Think about it:  Why hire an engineer to 

design a landscape bed??????
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But…With Landscapers we 

Have to Stress:
• Fundamentally BMPs are water quality 

treatment devices NOT landscape 

features

• So, think clean water, not lush landscape

• Avoid fertilizers and pesticides
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Can Compost be used in 

BMPs?
• Remember, BMPs are water quality and 

quantity treatment devices, NOT 

landscape features

• Compost can have very high nutrient 

levels

Use compost to remediate poor soils, do not 

use inside BMPs
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We learn from our 

students…Forebay Depth 

Measurement
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A Depth Finder!
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BMPs:  Pay now or pay later…

• Durham sand filter failure 2008

• $30,000 re-build job

• Could have been prevented with annual 

maintenance of $1500
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BMP Maintenance

• Why must BMPs be maintained?

– Aesthetics – they are usually part of the 

landscape

– Drainage – they usually are the only means of 

drainage in the landscape

– Legal requirements – they are required by law 

in many jurisdictions

– Investment – most landowners want return on 

BMP investment
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Stormwater BMP Functions
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Regenerative Stormwater 

Conveyance

http://www.ncpc.gov/DocumentDepot/Public

Notices/Oregon_Ave_RSC_EA_FINAL.pdf

http://www.ncpc.gov/DocumentDepot/Public
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Rain Water Harvesting
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Bodie Island Light House
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Terminolgy

• Detention / Active or Passive Release

– Used to mitigate peak flow and provide non-

potable water

• Single-Purpose

– Used to provide non-potable water
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Passive Release Concept

Credit: Phil Reidy
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• Detention volume = 

600 gal (~1.1”)

• Retention volume =  

6,000 gal

• Drawdown time =        

3 days

Detention

Retention
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Passive Release Conclusions: 

Function

• Significant potential for meeting stormwater 

management regulations

• Easy to retrofit existing systems

• Very Low Maintenance free

• Coincides well with existing North Carolina 

stormwater regulations
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Infiltration Devices
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Green Roofs
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Are green roofs common?
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Are Green Roofs Old?
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Green Roofs: Southern Style
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Cleveland Clinic Green Roof

Module System
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Cleveland Clinic Green Roof 

Weeds – White Clover Colony
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‘Green Gutters’
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Green Walls?
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Green Walls 

Durham North Carolina
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Cameron Village Raleigh NC
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Residence Time

• Length of time water is stored in the BMP

– Bioretention bowl should hold water for 12 

hours

– Residence time for water quality volume in a 

pond or wetland is 2 – 5 days
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Bioretention residence time
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Retention Pond Function

• Designed to store and 

slowly release 

stormwater

• Limited removal of 

sediment, TSS, 

nutrients

• Landscape feature -

Waterfront property??
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Stormwater Wetland Functions

• Reduce flooding

• Recharge groundwater

• Improve water quality

• Should not serve as 
mosquito habitat

• Attractive landscape 
features

• Add biodiversity

• Multiple uses 
(educational, regulatory 
requirements, aesthetics)
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Wetland Mosquito Control

• What makes plants 

“bad?”

• Cattails

• Willows and other 

trees

• Algae

• Phragmites

• The create habitat….

Mosquitoes can vector 

numerous diseases 
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Spray V. Wipe

• Wipe – Spotty, 

but growing 

areas of cattails

• Spray – The 

entire pond / 

wetland is 

covered up in 

Cattails
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Selective Control of Unwanted Trees and 

Shrubs:  Roundup in Shoe polish bottle
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Cut and Treat Method of Tree Removal

• Cut trees and 

shrubs with pruner 

or saw

• Treat immediately 

with 2% 

Glyphosate 

solution

• Kills shoots and 

root system –

systemic herbicide
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Cut & Spray: Woody Vegetation 

Removal
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Spray V. Wipe
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Outlets Need Regular Maintenance
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Outlet Cleaning
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Wetland residence time
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Bioretention Functions

• Infiltrate runoff

• Slow runoff

• Pollutant removal

– Absorption

– Adsorption

– Plant uptake

– Microbial action

– Filtration

– Sedimentation

– Sunlight
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Permeable Pavement Functions

• Infiltration

• Pollutant removal 

through filtration
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Sand Filter Functions

• Filtration 

• Collection of oil and 

grease

• Pollutant filtration
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Large Scale Sand Filter
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Grassed Swale Functions

• Slow and spread 

water flow to facilitate 

filtration, infiltration, 

and limited nutrient 

uptake Conventional

Low Impact
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Level Spreader Functions

• Designed to slow and 

spread runoff to 

facilitate:

– Infiltration

– Filtration

– Sedimentation
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Pollutant Removal Mechanisms

• Sedimentation

• Filtration

• Adsorption

• Infiltration

• Microbial Action

• Plant Uptake

• Sunlight

• Collection

• Heat removal

• Fixation
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Pollutant Removal Mechanisms

• Sedimentation –

metals and P are 

attached to soil and 

sediment

• P is adsorbed by low 

P soils and is tied up 

by Fe, Al, and Ca

• In adsorption 

molecules stick to 

solids
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Soil pH

• Changes in pH affect 

nutrient availability 

• Can limit root growth 

under extremely acidic 

conditions 

• Can affect the 

microbial population in 

the soil 
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Pollution Removal Mechanisms

• Fixation

• P fixed by iron and 

aluminum in soil – in 

clay fraction and fines

• CEC increases with 

clay, fines, and OM

• Metals fixed by CEC 

– >CEC attracts Zn and 

Cu
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Infiltration

• Infiltration and 

absorption 

• In absorption 

the BMP acts 

like a sponge

+ 4 Hours

+18 Hours
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Pollutant Removal Mechanisms

• Infiltration

• Pollutant removal 

through filtration
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Pollutant Removal Mechanisms

• Plant uptake

• Plants ‘fix’ 

nutrients

• Should 

plants be 

harvested??

3 Years After Planting

Day of planting
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Pollutant Removal Mechanisms

• Sunlight

• Needed to kill 

pathogens and to 

encourage oxidation 

of organic matter
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Pollutant Removal Mechanisms

• Collection
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Pollutant Removal Mechanisms

• Filtration

• Infiltration
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Pollutant Removal Mechanisms

• Gross Filtration
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Pollution Removal Mechanisms

• Heat Removal / 

Temperature 

Reduction

Inflow/Outflow Temperatures
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Temperature Effects?

Brevard, 

NC

Asheville, 

NC

Asheville, 

NC

Lenoir, 

NC
“Bioretention impact on runoff temperature in trout sensitive 

waters” Jones, M.P, and W.F. Hunt.  2009.
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Temperature Effects?
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When do you need to replace 

the soil or media?
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Question: What’s the Ideal  

Media?

Ideal “Mix”

• 85-88%  washed Sand

• 8-12% Fines (Clay+Silt 

passing # 200 sieve)

• 3-5% Organics – eg: 

aged pine bark fines

“We Bring Engineering 

to Life”
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NCSU recommends commonly 

available components
• Concrete sand

• Fines from baseball infield mix

• Pine bark fines
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Concrete Sand

• Coarse sand is 

described in ASTM 

D2487-10 as that 

retained by a No. 10 

sieve.

• Also know as 

concrete sand or 

‘non-spec’ sand
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Ball Field Mix

• Contains 

approximately 60% 

coarse sand and 40% 

red or orange clay. 

• Fe and Al in the soil 

are fixing the P in the 

stormwater 
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Cut ball field mix with coarse 

sand
• 4:1 sand to ball field 

mix yields 8% clay 

• 3:1 sand to ball field 

mix yields 10% clay
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Pine Bark Fines

• Commonly available

• Use pine or hardwood 

bark mulch if not 

avialable

• Smaller sizes of 

mulch are better to 

get better distribution 

through mix



Stormwater BMP Maintenance & Inspection

Will Plants Grow in Bark and 

Sand?



Stormwater BMP Maintenance & Inspection

Standard Nursery Mix

5 parts bark, 1 part sand
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Replacement Soil Examples

• ‘Ball field’ mix

• 85% sand, 10% 

fines, 2-5% OM

• $16.20/cu.yd or 

$12/ton 

• wgt 2700 lbs/cy

• (2012 quote)

• Permatil mix

• 80% Permatil, 10% 

approved compost, 

10% pine bark fines

• $32.50/cu.yd. or 

$42/ton FOB

• wgt 1565 lbs/cy

• 2012 quote
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The Role of Good 

Housekeeping
• Prevention of 

problems is always 

best

• Dirty watersheds = 

dirty BMPs
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Storm drains lead to streams 

and BMPs
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BMP Maintenance Falls Into 3 Main 

Categories

• Function

– Hydrologic (Water)

– Water Quality

• Aesthetics

• Safety
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BMPs need

• Access

• According to one 

BMP contractor the 

biggest expense in 

maintaining BMPs is 

creating access…

• They need 6-8 ft wide 

access road and pad
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BMPs need

• Regular inspection of 

components
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BMPs need

• Specialized mowing –

not scalping
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BMPs need

• Specialized pruning
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BMPs need

• Plant management 
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BMPs need

• Water level 

management
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BMPs need

• Protection from 

sediment
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BMPs need

• Regular trash 

cleaning
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BMPs can be damaged by…

• Fertilizer

• Sediment from traffic or outparcels

• Poor grass or mulch maintenance

• Roundup and other herbicides

• Excessive or too low mowing

• Compaction
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BMPs can be damaged by…

• Fertilizer
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BMPs can be damaged by…

• Sediment from traffic or outparcels
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BMPs can be damaged by…

• Excessive Sediment from upstream
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BMPs can be damaged by…

• Poor grass or mulch maintenance
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BMPs can be damaged by…

• Poor vegetation 

management

• (Roundup)
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BMPs can be damaged by…

• Excessive mowing  or mowing too low 
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