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Abstract 
 
As stormwater structural treatment practices are becoming an increasingly larger part of the 
urban landscape, so, too, does the need to keep them in good working order. Nineteen 
agencies/institutions/firms which conduct stormwater practice maintenance were interviewed to 
determine costs for specific maintenance tasks of several stormwater practices. Information was 
collected for bioretention areas, dry detention, green roofs, level spreaders, permeable pavement, 
sand filters, grass swales, wet ponds, and stormwater wetlands. Cost data were able to be 
analyzed for five of the practices (bioretention, dry detention, sand filters, stormwater wetlands, 
and wet ponds). Analyses show that (1) maintenance costs were substantially higher than 
inspection costs, (2) economies of scale existed for maintenance costs within a practice, (3) sand 
filters were substantially more expensive to maintain an a per watershed acre (hectare) treated 
basis than wet ponds, stormwater wetlands or dry detention, (4) bioretention area maintenance in 
high land cost situations is marginally more expensive than non-stormwater related landscape 
maintenance and (5) communities, which plan to assume the responsibility of maintaining 
stormwater practices within their jurisdiction, will need to procure a considerable amount of 
money.  
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Summary and Conclusions 
 
Conclusions can be grouped into two categories: (I) the development of maintenance checklists 
for nine BMPs (wet ponds, stormwater wetlands, dry detention, bioretention, sand filters, green 
roofs, level spreaders, permeable pavement, and grass swales) and a discussion of what some of 
these activities entail and (II) the development of maintenance costs for wet ponds, stormwater 
wetlands, dry detention, bioretention cells (both traditionally vegetated and turf covered), and 
sand filters. 
 
Some general findings associated with the development of maintenance guidelines: 
(1) Many of the tasks associated with inspection and maintenance can be performed in a single 

visit. For example, during an inspection of a stormwater wetland, the individual conducting 
the inspection can easily collect trash, crush unwanted muskrat holes, and verify that the 
drawdown orifice is freely flowing. 

(2) The larger-scale practices (stormwater wetlands, wet ponds, and dry detention) have similar 
maintenance requirements. 

(3) Many stormwater maintenance requirements are also aesthetic in nature. Replacing mulch in 
a bioretention cell improves both the aesthetic look of the BMP and supplies a carbon source 
for de-nitrifying bacteria. 

(4) The checklists for some BMPs are still not fully developed, including those for level 
spreaders, green roofs, and permeable pavements. The lack of a substantial number of these 
practices being maintained during the study period (which ended in 2005) is the main reason 
these lists are not fully developed. 

 
Maintenance Costs findings from this study follow: 
(1) Inspection costs are relatively little when compared to maintenance costs. This study has 

shown that inspection costs may be as little as 5-10% of the total inspection plus maintenance 
cost. 

(2) Economies of scale exist within stormwater treatment practices. The maintenance cost per 
acre treated for a small wet pond was over 5 times more expensive than those for a medium-
sized pond. 

(3) Sand filters are comparatively expensive to maintain. 
(4) Bioretention areas can cost slightly over $1 per square foot to maintain, if located in a “high 

end” development. Because this practice would replace landscaped areas, however, the 
marginal difference in bioretention cost may only be $0.15 to $0.25 per square foot. 

(5) A large number of stormwater practices will require a substantial amount of money to 
maintain them. For example, if a town were responsible for the maintenance of 100 medium-
sized wet ponds, officials would need to set aside over $250,000 per year to keep these 
facilities in good working order. This cost does not include rehabilitation costs that would be 
associated with bringing a non-maintained wet pond into proper working order. 

 
This study was also intended to develop maintenance costs for the following stormwater 
practices: green roofs, permeable pavement, swales and underground detention.  Limited data 
were able to be collected on each of these practices and is not reported herein.  
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Recommendations 
 
Stormwater management practices need to be maintained. This publication recommends many 
strategies for maintenance of wet ponds, stormwater wetlands, dry detention, bioretention, sand 
filters, green roofs, permeable pavements, level spreaders, and grass swales. 
 
For many of these practices, teams comprised of several people to conduct the maintenance are 
recommended. Also, it is wise for many of the practices to be visited and briefly examined as 
frequently as one time per month, particularly during the growing season. 
 
Communities are recommended to either require property owners or property owner associations 
to budget appropriately for BMP maintenance. Information presented herein will assist with that 
effort. The other course of action would be for a municipality or a county to appropriately budget 
for BMP maintenance which will potentially require a substantial amount of labor and 
equipment. 
 
Because BMP maintenance appears to be somewhat unique for several of the practices (notably 
bioretention, stormwater wetlands, sand filters, permeable pavement, and level spreaders), it is 
strongly recommended that communities require professionals conducting BMP maintenance to 
understand how stormwater practices work and be trained on the intricacies of BMP 
maintenance. Perhaps communities can develop their own BMP inspection and maintenance 
short course or can partner with other entities such as NC Cooperative Extension.
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1. Introduction 
 
As federal and state stormwater regulations promulgate the use of stormwater structural 
practices, the number of stormwater practices in many communities across North Carolina and 
the Mid-Atlantic increases (U.S.EPA, 2001; NC DENR, 1999). Over 400 stormwater practices, 
primarily wet ponds, are found in Greensboro, NC (Bryant, 2004). Montgomery County, 
Maryland, contains over 3000 stormwater practices (Church, 2005).  With the increase in the 
number of practices comes the increased need to maintain these practices. Communities are 
faced with either assuming control of the maintenance of stormwater practices or ensuring that 
structural practices on private properties are maintained. Early research was completed by 
Wossink and Hunt (2003) in 2001, which surveyed the maintenance costs associated with 
structural stormwater practices. However, since 2001, hundreds of innovative stormwater 
practices have been installed throughout North Carolina, the Southeast, and the Mid-Atlantic. 
Wossink and Hunt noted that limited information existed on the maintenance of stormwater 
practices in North Carolina, especially for stormwater wetlands, bioretention areas, permeable 
pavement, level spreaders, and underground detention.  
 
Inspection and maintenance requirements for individual stormwater practices would help 
government officials to schedule their own inspection and maintenance. This information could 
be used to determine the number of employees to dedicate toward stormwater treatment 
maintenance and would also enable a city to justify a maximum number of practices to self-
maintain based upon available personnel. 
 
Communities would be able use maintenance cost information to require escrow accounts to be 
established by homeowner associations or other property managers. Setting up “maintenance 
accounts” would help ensure that proper inspection and maintenance is conducted on stormwater 
practices located on private land.  Any differences of anticipated inspection and maintenance 
requirements among the stormwater practices for which costs are developed would enable 
municipal officials to potentially select certain stormwater practices with lower inspection and 
maintenance costs over others that required substantially more upkeep. 
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2. Methodology 
The researchers interviewed officials from 19 firms or agencies which conduct stormwater 
treatment practice maintenance, often for 60 to 90 minutes. The majority of firms (11) 
interviewed were in North Carolina, but agencies or firms in Delaware, Maryland, Pennsylvania, 
and Virginia were also contacted (see Table 1). The purpose of the survey was to build up 
maintenance and inspection costs. Rather than ask how much money was spent to maintain a 
given practice annually, specific tasks were identified and costs were determined for a given task 
by asking the following questions: 
 
(1) Practice size, (2) frequency of task per year, (3) duration of task, (3) crew requirement, (4) 
equipment requirement, (5) if applicable, the percentage of structural practices which require this 
maintenance, and (6) costs and amount of materials needed.  Specific questions were also asked 
regarding equipment costs including hourly rate or a series of questions regarding (1) purchase 
price, (2) expected life of equipment, (3) annual maintenance cost, (4) number of practices a 
given piece of equipment can serve, and (5) non-maintenance equipment usage. 
 
Table 1. List of agencies/firms interviewed and types of stormwater practices each maintained. 
Contact, Location Stormwater Practices Maintained 
City of Newark, DE Bioretention, Dry Detention, Sand Filters,  
City of Fairfax, VA Dry Detention 
Retention Pond Services, Wilmington, 
NC 

Stormwater Wetlands, Wet Ponds 

City of Wilmington, NC Bioretention, Dry Detention, Permeable 
Pavement, Stormwater Wetlands, Wet Ponds,  

Emory Knoll Farms, MD Green Roofs 
Penn State University Green Roofs 
Brown & Jones, Raleigh, NC Green Roofs 
Town of Surf City, NC Underground Detention 
N.C. State University, Raleigh, NC Sand Filters, Stormwater Wetlands 
Prince Georges County, MD Wet Ponds, Stormwater Wetlands 
University of North Carolina, Chapel 
Hill, NC 

Permeable Pavement 

Albemarle County, VA Bioretention 
Golden Touch Car Wash, Greensboro, 
NC 

Bioretention 

North Carolina Cooperative Extension, 
multiple locations 

Bioretention, Stormwater Wetlands, Level 
Spreaders 

Carl B. Seeds, Prince Frederick, MD Wet Ponds, Dry Detention Ponds, Bioretention, 
Stormwater Wetlands, Sand Filters, Underground 
Detention 

Environmental Quality Resources, 
Gaithersburg, MD 

Wet Ponds, Dry Detention Ponds, Stormwater 
Wetlands, Sand Filters 

Habitat Assessment and Restoration 
Program, Matthews, NC 

Stormwater Wetlands, Bioretention areas 

Fosters Pond Management, Raleigh, NC Wet Ponds, Stormwater Wetlands, Bioretention 
SouthernScapes, Raleigh, NC Bioretention, Wet Ponds 
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A $15/ person/hour labor rate was used to calculate labor costs. Additionally, a 25% fringe 
benefit was added to the $15/person/hour labor rate. This was the average of hourly wages used 
by firms in North Carolina. An example calculation for a specific task follows. 
 
An example calculation from the City of Wilmington, NC, is given. A wet pond that was 0.8 
acres in size (medium-sized BMP), had vegetation removed one time in five years (0.2 times/ 
year). The activities to be completed for this task were harvesting, excavation and hauling the 
excavated materials from the site. The former task required a crew of 3 people and a long boom 
excavator for 5 days. The latter task (hauling) was accomplished by 2 people in two days. Two 
trucks were used. The long boom excavator was charged at a rate of $75/hour and the trucks 
were each $25/hour. This maintenance task was typical of 15% of wet ponds maintained by the 
City of Wilmington’s stormwater maintenance staff.  
 
In this example, the annual labor cost for this site was 0.2/yr × 0.15 × (5 days × 3 people/day + 2 
days × 2 people/day) × $15/hr × 1.25 × 8 hrs/day, which equaled $86/year.  
The equipment cost was calculated to be:  
0.2/yr × 0.15 × (5 days × $75/hr × 8 hours/day + 2 days × $50/hr × 8 hrs/day) which equaled 
$78/day/year. 
 
For wet ponds and stormwater wetlands costs were determined for small, medium, and large 
sized stormwater practices. The surface area of small practices ranged from 0.10 ac to 0.20 ac in 
size; medium-sized practices ranged from 0.8 to 2.0 acres; large scale practices were deemed to 
have a surface area of at least 5.0 acres. For dry detention basins, costs were determined for 
small- and medium-sized watersheds, of same dimensions provided above. For sand filters and 
bioretention cells, costs were developed for a single, small watershed (1/3 or 1 acre, 
respectively). 
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3. Results 
 
The results are presented in several parts. First, per requests from members of the Urban Water 
Consortium, checklists are provided for nine stormwater best management practices listed in 
order where practice size goes from the largest to the smallest. Order of practice presentation is: 

1) Wet Detention Ponds 
2) Stormwater Wetlands) 
3) Dry Detention 
4) Bioretention 
5) Sand Filters 
6) Green Roofs 
7) Level Spreaders 
8) Permeable Pavement 
9) Grass Swales 

 
Following checklists for all nine practices, a discussion of important maintenance activities, 
including what triggers them and what type of techniques should be used, is provided. A special 
section on invasive species removal is included following the discussion of maintenance for the 
nine practices. Finally, the expected maintenance costs for five of the stormwater practices (wet 
detention, stormwater wetlands, dry detention, bioretention, and sand filters) are presented. 
 
 
3.1 Checklists for BMP Inspection and Maintenance 
 
Twenty-nine firms and agencies were contacted during the Spring-Summer of 2004 to determine 
minimum inspection and maintenance requirements. (see Appendix A) A preliminary list of 
maintenance activities was developed by faculty and staff at NC State. The maintenance 
activities list was circulated among 29 firms/agencies in NC and the eastern US for comment 
with respect to the need for the maintenance activity and the frequency associated with this task. 
The checklist for each practice is given on the following pages. An attempt was made to compile 
a list for underground detention, but a lack of information prevented this checklist from being 
compiled. A discussion of the maintenance required for each of the practices follows the 
checklists. 
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Checklist #1: WET PONDS    
Nominal Frequency: Monthly    
INSPECTION    
 Debris, trash, vandalism of outlet and spillway   
 Illegal dumping   
 Insects, odors as indicators of visible pollution   
 Erosion, cracking,leakage on embankments, risers and spillway   
 Forebay and spillway for erosion and debris   
 Animal damage   
 Eutrophication, odors   
 Security fence vandalism   
 Note water level adequate for plant species   
MAINTENANCE    
 Mowing Banks (3-6 times in season) 

Skim floating trash   
 Remove Invasives, trees, phrags   
 Destroy or repair animal damage   
 Maintain buffer   
 Wildlife management   
 Remove trash from weir rack   
 
Nominal Frequency: Seasonally / Annually    
INSPECTION    
 Root intrusion into outlet or inlet or pipes   
 Adequate vegetation >50% surface covered by wetland plants   
 Note depth of sediment in wetland and spillway   
 Dam cracking, leaking, bulging, sliding   
 Riprap placement maintained on slope   
 Upstream and downstream faces undamaged   
 All internal structures for cracking, erosion, sliding   
MAINTENANCE    
 Clear outlet and channel conduit   
 Remove any roots in structures   
 Exercise drain valves   
 Observe and record watershed changes 
 Educate labor 
 Excavate Forebay @ <50% design depth (2X/ year to 1 time in 20 years) 
 Remove sediment from pond and replant lost vegetation 
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Checklist #2: STORMWATER WETLANDS 
Nominal Frequency: Monthly    
INSPECTION    
 Illegal dumping   
 Debris, trash, vandalism of outlet and spillway   
 Erosion, cracking, leakage on embankments, risers, spillway   
 Animal damage   
 Water level consistency   
 Assure plantings are at correct depth for species   
 Woody or invasive growth on dam   
 Check security fence   
MAINTENANCE    
 Skim floating trash   
 Remove Invasives, trees, phragmitess by hand, herbicide   
 Destroy or repair animal damage   
 Reintroduce plants and animals   
 Maintain buffer   
 Wildlife  management   
 
Nominal Frequency: Seasonally / Annually    
INSPECTION    
 Riprap failure on slope   
 Presence of dominant desired vegetation   
 Adequate vegetation >50% surface coverage by wetland plants   
 Distribution of plants as designed maintained?   
 Spillway damage and sediment buildup   
 Note sediment depth (more frequently the first year)   
 All internal structures for cracking,erosion, sliding,   
MAINTENANCE    
 Clear outlet   
 Regrade, seed and mulch rills and gullies <2"   
 Report larger rill and gullies to Engineers   
 Maintain adequate depth of mulch   
 Educate labor 
 Observe and record watershed changes 
 Remove sediment, regrade @>6" accum or 10-15 yrs 
 Excavate Forbay if applicable         (10-15 yrs.) 
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Checklist #3: DRY DETENTION    
Nominal Frequency: Monthly 
INSPECTION    
 Trash rack or grating for debris   
 Forebay for debris and sediment   
 Standing water longer than 3 days, wetspots   
 Animal burrows, rodent damage   
 Evidence of leaks in dam   
 Slope erosion   
 Cracks in embankment   
 Vigor of surrounding vegetation   
 Low flow channel obstructions   
MAINTENANCE    

Mow @ 4" and trim - remove clippings (3-6 times in season) 
Destroy and fill in animal and rodent damage   

 Backfill gullies and rills with topsoil,seed,mulch   
 Backfill, seed, mulch small cracks, report large cracks   
 Remove nuisance vegetation   
    
Nominal Frequency: Seasonally / Annually 
INSPECTION    
 Inlet and outlet and conduit for damage                     2X per year   
 Rip rap remains in place   
 Oil or grease buildup   
 Record dewatering rate   
 Signs, fencing, gates for vandalism   
MAINTENANCE    
 Clear Spillway   
 Treat for disease and insects                  2X per year   
 Seed or Sod to restore   
 Fertilize grass cover only                         2X per year   
 Replace or remove diseased or dead plants   
 Observe and record Watershed changes   
 Remove soil contaminated with oil or grease   
 Clear access to forebay and outlet for equipment   
 Soil test   
 Educate labor   
 Clean Forebay sediment   @2" deep (5-7 yrs.)   
 Remove Dry Pond sediment accumulation  (5-15 yrs)  
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Checklist #4: BIORETENTION    
Nominal Frequency: Monthly 
INSPECTION    
 Inlet and outlet obstructions   
 Evidence of rodent damage   
 Insects or diseases on plants   
 Wet spots and ponding   
 Distribution and depth of mulch   
 Plant distribution and survival   
 Bank erosion   
 Check for construction sediment - ensure preventative measures   
MAINTENANCE    
 Fill or repair erosion   
 Clean grating, inlet and outlet of debris   
 Clean out underdrain   
 Fill in or destroy rodent damage   
 Remove unwanted plant material, weed by hand   
 Remove leaf litter, yard waste and trash   
 Irrigate when needed  (when first planted)   
 Redistribute mulch   
 
Nominal Frequency: Seasonally / Annually 
INSPECTION    
 Stability of filter fabric  (15-20 yrs)   
 Stability of Erosion control blanket   
 Concentration of runoff in one area  (2x yr)   
 Evidence of roots in pipes, check conduits and joints   
 Depth of storage and infiltration   
 Erosion at toe of drop structure   
 Erosion of spillway and obstructions   
 Note sediment depth, check for clogging  (4x yr)   
 Rock curtain if applicable for erosion and sedimentation   
MAINTENANCE    
 Mow grass cover @<6", remove cuttings 
 Prune trees and shrubs 
 Remove dead plants 
 Clean or reshape Forebay to redistribute runoff 
 Add or remove Mulch, maintain at 4" 
 Observe and record watershed changes (more frequent if construction near) 
 Note parking lot effects (oil, grease,salts) 
 Fertilize and reseed if grass cover (Fall / Spring) 
 Soil test for metals, pH and salts 
 Educate labor 
 Remove sediment @ 20% of design depth 
 Remove all mulch and replace  (every 2 years) 
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Checklist #5: SAND FILTER    
Nominal Frequency: Monthly 
INSPECTION    
 Filter surface for oil, grease and debris   
 Debris in inlet and outlet   
 Sediment chamber water level   
 Grating for damage   
MAINTENANCE    
 Remove debris and sediment in conveyance   
 Remove vegetative growth, grass clippings   
 Clear inlet and outlet   
Nominal Frequency: Annually 
INSPECTION    
 Spillway for erosion   
 Leaks in concrete, structural deterioration   
 Record dewatering time   
MAINTENANCE    
 Remove 2-3" dirty sand   
 Back flush pipes   
 Clean weirs   
 Clean sediment chamber   
 Observe and record Watershed changes   
 Educate labor   
 Replace sand     (Every 3 years) 
 
Checklist #6: GREEN ROOFS 
Nominal Frequency: Monthly 
INSPECTION    
 Check for rodents, diseases and insects   
 Dead vegetation   
MAINTENANCE    
 Clear drainage outlets   
 Remove dead vegetation and tree debris   
 Remove weeds   
 Replant as soon as needed, redistribute plants   
 Irrigate when needed   
Nominal Frequency: Seasonally / Annually 
INSPECTION    
 Check general plant survival      (2X per year)   
 Check for rainwater ponding      (2X per year)   
MAINTENANCE    
 Observe and record drainage layer condition   
 Prune tree canopy if applicable   
 Soil test when indicated  (plant decline)   
 Educate labor   

Clear leaves  (autumn)  
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Checklist #7: LEVEL SPREADERS    
Nominal Frequency: Monthly 
INSPECTION    
 Downslope chanelization   
 Debris and trash buildup   
 Insect, disease and animal  damage   
 Sediment level in trench  (first year)   
MAINTENANCE  
 Regrade or fill, seed and mulch channels   
 Treat insect or diseases   
 Minor Repair and level surface   
Nominal Frequency: Seasonally / Annually   
INSPECTION    
 Note dewatering rate   
 Observe and record Watershed changes   
MAINTENANCE    
 Mowing vegetated spreader    (2X per year)   
 Clean sediment from collection trench   
 Reseed or replant spreader surface   
 Trim or replant trees and shrubs   
 Educate labor   
 Regrade down slope (if channelized)    (2-10 years)  
 
Checklist #8: PERMEABLE PAVEMENT 
Nominal Frequency: Monthly 
INSPECTION    
 Debris in underdrains   
 Evidence of rodent damage   
 Observation well   
MAINTENANCE  
 Refill gaps in gravel and sand 
Nominal Frequency: Seasonally / Annually 
INSPECTION    
 Structural integrity of surface   
 Unpaved strip sediment depth   
 Record watershed changes   
 Low volume use is maintained   
MAINTENANCE    
 Vacuum sweep surface     (1-4X per year)   
 Slow flush sediment   
 Clean underdrains (2-5 years)  
 Educate labor   
 Protect from sand, salt, plows ( PA, PC, & PICP) 
 
Note: PA≡ Permeable Asphalt; PC ≡ Permeable Concrete, PICP ≡  Permeable Interlocking 
Concrete Pavers  
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Checklist #9: GRASS SWALE 
Nominal Frequency: Monthly 
INSPECTION    
 Matting dislodgement or tears   
 Animal waste treatment   
 Erosion of embankment   
 Debris and trash collection   
 Dewatering rate   
 Evidence of aggradation   
 Rodent and insect damage   
 Healthy dense grass growth   
 Inspect vehicle crossings   
 Energy dissipaters   
MAINTENANCE    
 Tack mat down, repair tears   
 Spot repair erosion   
 Clear culverts   
 Destroy or fill animal damage  
 Remove dead vegetation   
    
Nominal Frequency: Seasonally / Annually 
INSPECTION    
 Compaction of bed   
 Observe and record Watershed changes   
 Inspect pea gravel diaphragm if applicable   
 Oil and grease contamination   
 Flow around structures evidence   
 Spillway erosion and debris   
 Note sediment depth   
MAINTENANCE    
 Seed or sod                             (2X per year, during year 1)   
 Remove dead vegetation        
 Mow high and collect            (2X per year)   
 Weed     (2X per year)   
 Clean out sediment in bed and spillway   
 Soil test, check salt levels   
 Educate labor   
 Re-grade and re-sod                (5-10 years)    
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3.2 Discussion of Maintenance Tasks Associated with Each BMP 
 
For each practice, inspection and maintenance tasks are associated by their nominal frequencies.  
It should be noted that certain designs and systems may require more or less frequent 
maintenance. All practices do have a nominal inspection frequency of one time per month, 
because, on average, the water quality storm in North Carolina (approximately one inch of 
rainfall in the Piedmont) occurs once a month. The water quality storm is designed to fill a 
practice with stormwater and could therefore trigger clogging by trash and debris. Also noted in 
every practice is the maintenance requirement to “educate labor” on an annual basis. Because of 
the high turnover of people in maintenance positions, the agency or firm conducting the 
maintenance and inspection should expect to send BMP maintenance personnel to an annual 
training. 
 
3.2.1. Wet Ponds (Checklist #1) 
Certain inspection and maintenance activities occur for multiple practices. Inspection of debris, 
trash, and vandalism in either the outlet or inlet structure is critical. If the outlet structure clogs 
with debris, the pond’s storage volume will decrease and, if the pond has an aquatic shelf, plant 
survival becomes an issue. A simple way to detect clogging is observing whether the normal 
pool is abnormally high. While the pond is being inspected for clogging, several other items can 
be inspected: (1) whether there is illegal dumping, (2) presence of odors indicating an acute 
accumulation of pollution, (3) forebay and spillway erosion, (4) animal damage, particularly that 
caused by muskrats and nutria, and (5) eutrophication. 
 
Certain maintenance activities are easily performed while the inspection is taking place including 
(1) skimming of floating trash, (2) removal of invasive species (note a state-approved method for 
this is discussed later, (3) destroying animal burrows, and (4) removing trash and debris from the 
trash rack and drawdown structure. Animal burrows, typically those of muskrats, are controlled 
by simply stomping them closed.  If there is an infestation of larger rodents, such as beavers, 
they are treated differently, typically by trapping and relocation. 
 
Another seasonal monthly maintenance task is the mowing of the wet pond’s banks. The 
frequency of the mowing is dependent upon the required aesthetic appeal of the wet pond and 
ranges from at least once per month to as few as 2 times per year. 
 
Of the monthly maintenance tasks, the most important tasks to safeguarding the ponds’ function 
are making sure the outlet is not clogged and verifying that there are no burrows or tunnels made 
by rodents or other animals that artificially lower the water table inside the wet pond. If this 
maintenance is not performed, the hydraulic and water quality function of the wet pond will be 
compromised and, if there are vegetated zones within the pond, there is a high probably that the 
designed-for vegetation will not survive.  Maintaining desirable plant species is also important 
for mosquito control. If invasive species – particularly Typha spp. (cattails) and Phragmites 
australis (common reed), and Salix nigra (black willow) – are not controlled, these plants will 
form monocultures and provide good habitat for mosquitoes. Skimming trash from the pool will 
prevent future clogging of the drawdown outlet as well as improve the pond’s aesthetics. 
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Certain inspection tasks can be performed much less frequently. These include (1) root intrusion 
into inlet or outlet pipes, (2) assuring that the vegetated zones are in fact vegetated, (3) the depth 
of sediment in the forebay, (4) dam health, and (5) stability of inlet rip rap location. These tasks 
can be performed during the same site visit and are not necessarily seasonal. These inspection 
tasks lead to the following maintenance tasks: (1) clear inlet and outlet channels as well as 
internal drainage structures of roots, (2) verify that emergency drawdown valves and 
appurtenances function, and (3) sediment removal. The frequency of tasks (1) and (2) varies per 
pond configuration and watershed stability and composition. All of these maintenance tasks are 
essential to ensure the water quality and hydraulic function of wet ponds. 

 
Figure 1. Forebay Cleanout is an expensive maintenance task, but is infrequent in stable 

watersheds. 
 

The forebay (Figure 1) should be excavated when 50% of design open water space is occupied 
by sediment. Because forebays in wet ponds tend to be 3-5 feet deep, a good rule of thumb is that 
if the sediment level is within 2 feet of the surface, the forebay should be dipped. The required 
frequency of forebay dipping varies from once per six months in developing, unstable 
watersheds to either never or only once in the 20-30 year life of a wet pond. If the forebay fills 
with sediment and is not removed, the remainder of the pond will begin to “silt in.” The main 
consequences of a silted-in wet pond are degraded wet pond performance and a probable loss of 
aesthetic appeal. Wet ponds are designed to maintain a specific volume of water downstream of 
the forebay. This volume is to be reserved for stormwater runoff, not sediment. Also, excess 
sediment will change the character of littoral vegetated shelves, if any are present.  
 
3.2.2 Stormwater Wetlands (Checklist #2) 
Inspection and maintenance associated with stormwater wetlands is very similar to that of wet 
ponds. The principal differences between monthly inspection and maintenance are as follows: 
inspection and removal of invasive species is more important and a larger part of stormwater 
wetland maintenance. There is rarely mowing associated with stormwater wetlands. As will be 
discussed later, mowing is actually one of the larger costs associated with stormwater 
management and the elimination of mowing reduces maintenance costs. 
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As with wet ponds, three of the most important maintenance tasks for preserving water quality 
and hydraulic function are keeping outlets free from clogging, rodent control, and forebay 
maintenance. The nature of wetlands makes them more susceptible to failure due to neglect of 
these three tasks. 
 
Due to their design, which includes extensive coverage of emergent vegetation, stormwater 
wetlands run an even higher risk of having their outlets clog. It is essential that wetland 
drawdown outlets are inspected for clogging. Clogged outlets (Figure 2) will increase water 
elevation inside the wetland for extended periods, potentially killing much of much of the 
desired vegetation. This will dramatically decrease the stormwater wetland’s ability to remove 
certain dissolved pollutants, particularly some nitrogen species. Also, because of the presence of 
vegetation, the likelihood of rodent infestation increases. Plants such as pickerelweed 
(Pontedaria cordata) are food for muskrats. 

 
Figure 2. A clogged outlet is easily fixed, but if it goes unnoticed due to a lack of inspection, the 

vegetative community of a stormwater wetland will be quite different from what the designer 
intended. 

 
Forebays in stormwater wetlands tend to be shallower (2-4 feet) than those of wet ponds. 
Forebays in stormwater wetlands should be dipped when the surface of the trapped sediment is 
within 1-2 feet of the pool elevation. If wetland forebays fill with sediment and gross, the impact 
can be even more detrimental than in wet ponds. Excess sediment in the body of the wetland will 
change the wetland plant population. Desirous plants such as pickerelweed will be replaced by 
less desirable vegetation such as cattails. In fact, cattails and phragmites are known to be two of 
the most sediment tolerant wetland species. As discussed previously in wet ponds, these two 
species provide habitat for mosquitoes. As sediment builds up in stormwater wetlands, the 
storage volume in which the first flush is designed to be captured will be reduced. Therefore, 
more of the first flush storm will bypass the stormwater wetland. 
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3.2.3. Dry Detention (Checklist #3) 
Like stormwater wetlands, dry detention maintenance is quite similar to that of wet ponds. The 
most important addition to dry detention maintenance is a substantial increase in required 
mowing. While the frequencies are similar to those of wet ponds, the coverage of mowing 
increases. The frequency of dry detention mowing is dictated by aesthetics. The costs of not 
mowing regularly are not high with respect to hydraulic performance – except along the dam 
face. If a dry detention basin is mowed only 1-2 times per year, woody vegetation will not take 
hold and the dry detention area will function as designed. If the dry detention device is not 
mowed at all, portions of the dry detention area will begin to convert to a stormwater wetland. 
Conversion to a stormwater wetland would actually improve water quality; however, (1) 
typically this is not intended for the practice, if a wetland were desired by the designer, a wetland 
– and not a dry detention basin – would have been built and (2) assuming the wetland vegetation 
is not maintained, undesirable species will probably become predominant and the dry detention 
basin will become a mosquito breeding grounds. A discussion of cattail and other herbaceous 
invasive removal is reviewed following the checklist discussion. 

 
Figure 3. Inlet erosion is a concern in dry detention facilities. 

 
Because dry detention is intended to be grass covered, turf maintenance – other than mowing – 
increases in importance. Internal erosion needs to be repaired and sometimes portions of the 
cover may need to be fertilized. When aesthetics dictate, a free soil test is recommended.  Care 
should be taken to safeguard against “low mowing.” Operators often mow grass as low as 
possible to limit the number of return visits. However, mowing the turf too low will often kill 
grass. A minimum healthy grass height is 4 inches for cool season species, such as fescue. 
 
Clogged outlet structures (often with trash) and sediment accumulation are important concerns 
with dry detention basins. Dry detention areas are usually constructed in somewhat populated 
areas because the absence of standing water is believed to be a safer environment around people. 
The likelihood of trash accumulation inside the dry detention basin is therefore high. If the outlet 
structure clogs, and water levels increase inside the basin, many grasses will die due to overly 
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wet conditions. Like wet ponds, increased sediment reduces intended capture volume and buries 
desired vegetation. Inlet inspection and internal erosion are concerns (Figure 3). 
 
3.2.4. Bioretention (Checklist #4) 
Much of the maintenance needs of bioretention are aesthetic in nature. Considering that 
bioretention cells are often used in lieu of standard medians in parking lots or other landscape 
features, the maintenance requirements, while more costly per drainage acre treated than the 
three forementioned BMPs, are actually very similar to standard landscape maintenance costs. 
 
Like any landscape feature, bioretention areas must be pruned, mulched, and even initially 
watered and limed (Figure 4). Grassed bioretention cells are mowed.  Because plants are an 
important monetary investment and essential to the aesthetic appeal of bioretention systems, they 
need to be established as quickly as possible. The need for rapid establishment requires 
bioretention cells to be limed, if indicated by a soil test. Additionally, plants may need to be spot-
fertilized to ensure growth and survival in low P soils1.  Watering the plants every 2 to 3 days for 
a month or two helps ensure vegetation survival. The frequency of these tasks varies seasonally, 
with more frequent maintenance required in summer than in winter.  

 
Figure 4. Pruning a bioretention cell is both an aesthetic and a safety issue.  Bioretention is in 

great part driven by concerns other than water quality. 
 
Bioretention cells are prone to clogging and monthly inspection and maintenance addresses this. 
It is imperative that outlets are checked on a monthly basis to ensure they are free of trash and 
debris. This is particularly important if a grate is used on the highflow bypass structure. When 
bioretention cells are constructed on dynamic urban watersheds, the risk of sediment clogging 
increases. It is important to inspect whether there are wet spots and ponding, particularly if it has 
not rained in at least 2 days. If the bioretention cell is comprised of mulch, inspectors should 
verify that mulch depth is still 2-3” across the entire basin. If mulch has floated and accumulated 
in the low spots of the bioretention cell, the mulch may need to be redistributed evenly across the 

                                                
1 In select watersheds the state of North Carolina requires bioretention cells to utilize low phosphorus index (P-
Index) fill soils to prevent the export of phosphorus from bioretention.  
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cell. Due to surface layer clogging, the occasional removal of mulch and the top layer of fill soil 
is an important part of bioretention maintenance. Because the clogging occurs most frequently at 
the top of the soil column, the bioretention cell rarely needs to be completely excavated.  
However, this has been necessary when the bioretention cell was located in an unstable drainage 
area for an extended period. 

 
Figure 5. A gravel and sod verge can help limit the amount maintenance performed on the filter 

media in the main part of the cell. 
 

While not included as part of bioretention maintenance per se, protecting the perimeter of the 
bioretention cell from construction-caused sediment has a dramatic impact on the severity of 
clogging and the type of maintenance required to resuscitate the bioretention’s infiltration rate. 
To prevent premature clogging of bioretention due to off-site sediment accumulation, designers 
are strongly recommended to have bioretention pretreatment. The most commonly used 
pretreatment in North Carolina in descending order are: (1) gravel verge (thin strip) with sod 
surrounding the perimeter (Figure 5), (2) grass swale, and (3) forebays. A level gravel verge 
between the pavement edge and vegetation helps disperse flow entering the bioretention areas. 
The gravel strip should be the width of a garden rake (approximately 8 inches). Installing sod 
downslope of the verge provides an immediate layer of pretreatment before runoff enters the 
bioretention cell proper.  The sod serves as a grassed filter strip. The minimum width required 
for the sod filter strip is three feet, with four to five feet recommended. In addition to trapping 
pollutants before they reach the bioretention cell, the sod immediately stabilizes the perimeter of 
the bioretention cell, preventing “internal” erosion from occurring. Centipede grass has been 
successfully used as a sod verge in central and eastern North Carolina. Fescue and bluegrass are 
best suited in piedmont soils. The larger the grass verge is, the larger the factor of mowing is in 
bioretention maintenance. 
 
3.2.5 Sand Filters (Checklist #5) 
The sand filter is comprised of two main chambers: a sedimentation chamber, where gross solids 
and some sediment collect, and a sand chamber which filters some pollutants which remain in 
the runoff. Sand filter maintenance is relatively simple, but somewhat expensive.  Both chambers 
require inspection and maintenance on regular intervals. On a monthly to quarterly basis, the 
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sand chamber needs to be checked to see if the top layer of sand has become clogged with fine 
particulate, which limits the infiltration rate through the soil. This is observed by a thin (few 
millimeter thick) black or dark brown/gray layer resting on the sand surface. Were this layer to 
exist, it should be removed by simply excavating the top 1-2 inches of sand.  Every second or 
third time this maintenance is conducted, the sand media will be too shallow and additional sand 
will need to fill the “excavated gap.”  

 
Figure 6. Gross solid accumulation in the sedimentation chamber. 

 
The depth of gross solids in the sedimentation chamber should be inspected per each visit, which 
can be done with a shovel (Figure 6). If the sedimentation chamber is at least one-half full of 
detritus and trash, then it needs to be removed. This can be accomplished with a vac-truck or a 
small excavator.  
 
The ultimate disposal of sand filter pollutant material is under debate, with the deposition of the 
accumulated pollutant in a lined landfill the current practice. In future years, it may be necessary 
to have the polluted media tested to determine its contents before landfill disposal is allowed. 
 
Sand filters are often accessible to vehicle traffic and as a result have heavy grates overlaying 
them. Removing and replacing scores of metal grates is an additional cost of time. Other unique 
sand filter maintenance needs including removing vegetation growing or trash that has collected 
between the sedimentation chamber and the sand chamber, which impedes water passage. If a 
sand filter still has ponded water greater than 12 hours after a rain event, it is likely clogged. 
 
3.2.6 Green Roofs (Checklist #6) 
Green roofs have limited usage in North Carolina and very little maintenance data were able to 
be locally collected. Like bioretention, green roof maintenance tends to be aesthetic driven. The 
main concern from a stormwater performance perspective is ensuring the green roof is draining 
at the desired rate.  The green roof should be inspected on a monthly basis for the presence of 
dead vegetation, often a sign that the roof is too wet. During or upon inspection, any weeds 
should be removed and, perhaps most importantly, gutters, downspouts and other drainage ways 
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should be kept free of any debris. In areas where there are overhanging trees, or where shrubs 
and trees are allowed to grow on green roofs, this is of particular concern.  
 
Green roof designers often include “no grow zones” on green roofs that are typically delineated 
by a whitish washed stone (Figure 7). If plants are surviving in these zones, they should be 
removed. 
 
For certain types of green roofs that rely on higher moisture levels to be maintained, then 
irrigation is an important maintenance task. If the roof has been too wet due to clogged outlets, 
then some vegetation may need to be replanted. 

 
Figure 7. Gravel surrounding this air vent delineates the “no grow zone” on a green roof. 

 
3.2.7 Level Spreaders (Checklist #7) 
Level spreaders operate on the principle of dispersing flow across an even grade so that runoff 
flows in a diffuse form through a downslope riparian buffer. Level spreader maintenance 
activities therefore focus on verifying that the level spreader is evenly distributing flow up to the 
point runoff enters the riparian buffer.  
 
Depending upon the type of level spreader used, the level spreader often does not provide diffuse 
flow at all. If a level spreader is constructed of soil, there is a high likelihood that the level 
spreader is no longer level. This needs to be repaired immediately. Perhaps the best maintenance 
is to replace the soil berm with a hardened structure such as a metal gutter or a concrete trough. 
Simple visual inspection of the ground immediately downslope of the buffer will reveal 
concentrated flow. Bringing a 3 to 6 foot spirit level to the site may suffice, as well.  
 
Vegetation growing immediately downslope of the level spreader (such as within two to three 
feet of the spreader) become small dams and need to be removed. Removal of trees and shrubs 
from the immediate downslope of the level spreader, on the level spreader lip, or inside the level 
spreader channel should be conducted annually. Any debris and sediment that build up in the 
level spreader, forebay, and channel should be removed annually. These particles can cause 
runoff to take preferential paths over the level spreader, causing concentration of runoff. The 
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level spreader channel and the riparian buffer should be examined annually and after storms 
greater than or equal to the two-year storm for possible erosion and gulley formation.  

 
Figure 8. A forebay in a level spreader is becoming overgrown by cattails. 

 
If possible, the buffer vegetation immediately downslope of the level spreader lip should be 
mowed regularly to encourage low, dense growth and to facilitate inspection.  The use of 
perennial, dense, and low-growing ground covers (such as common bermudagrass) downslope of 
the lip may help to maintain diffuse flow.  These issues should addressed immediately to restore 
proper function.  If erosion is apparent, corrective must be taken, such as installing erosion 
control matting and possibly re-grading. NC DENR must be notified before any work is 
performed in the protected buffer. 
 
Some level spreaders maintain ponded water perennially. It has been observed that these level 
spreaders eventually allow for monocultures of wetland plants to develop (Figure 8). While 
providing some water quality benefit these monocultures can result in producing preferential 
flow over the level spreader (that is, their resistance to flow makes them function like a dam). 
Additionally, these monocultures can become a shelter for mosquitoes. 
 
3.2.8 Permeable Pavement (Checklist #8) 
The main cause of failure for permeable pavement is clogging. Most permeable pavement 
maintenance, therefore, reflects the need to prevent permeable pavement from becoming clogged 
to the point that it does not let rainfall/runoff pass through the pavement surface. Additionally, a 
high sediment load can fill the voids in the permeable pavement system that are supposed to 
store water. 
 
Frequent maintenance tasks (once every one to two months) include inspecting underdrains (if 
used in the piedmont) to verify there is no accumulated debris. An inspector should be sure to 
record any surrounding watershed changes that may eventually impact the permeable pavement’s 
performance. 
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The most important part of permeable pavement maintenance is running a street sweeper over 
the pavement. The frequency of this should be at a minimum 1 time per year, with 1 time every 
six months recommended. The type of street sweeper varies per pavement type. There are several 
types of permeable pavement: pervious concrete, pervious asphalt, concrete grid pavers, 
permeable interlocking concrete pavers, and plastic reinforcement grid pavements. Concrete grid 
pavers filled with sand can be swept with a standard street sweeper which scarifies the surface of 
the sand. Most other permeable pavements are recommended to be swept by a vacuum street 
sweeper Only plastic reinforced grid pavements intended for grass growth should not be street 
swept.  

 
Figure 9. Pea gravel in a permeable interlocking concrete paver has settled, making it necessary 

to add more gravel to fill these gaps. 
 
Each pavement type also has unique maintenance requirements. As pervious concrete breaks 
down, loose aggregate will need to be removed. Pervious asphalt can also produce loose 
aggregate. Concrete grids, PICP, and plastic grid pavements filled with gravel or sand undergo 
settling (Figure 9). As a result, additional gravel and/or sand may need to be applied to prevent 
the gaps from becoming an un-even surface – and thus a potential tripping hazard.  Turf is often 
expected to grow in plastic grid pavements and may need to be mowed if the turf is well-
established.2

 
 

3.2.9 Grassed Swales (Checklist #9) 
Grassed swales that are designed to transport high flows often need reinforcement mats (Figure 
10). These mats anchor grass that would otherwise erode. Maintenance for swales can be divided 
among what’s needed for the grass cover area and that required due to the reinforcement mats. 
 
The turf will need to be mowed. As mentioned before, keeping the grass at a minimum height for 
4 inches for cold season grasses or 2.5 inches for warm season grasses is imperative to grass 
health. The frequency of mowing is location dependent, but is recommended no less frequently 

                                                
2 Well established turf to the point that the grass needs to be mowed has rarely been a maintenance concern in North 
Carolina. 
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than 1 time per month during the spring and summer, unless the design engineer specifically 
states otherwise. Overgrown vegetation will slow water movement, often limiting the amount of 
flow able to be effectively carried by the swale. 
 
Because swales are often in populated, and residential areas, there is a high chance that they will 
accumulate animal waste, yard waste (including grass clippings), and trash. To the best extent 
possible these gross solids should be removed on a monthly-to-seasonal basis. If it is observed 
that soil has accumulated in the swale, this should also be removed. 

 
Figure 10. A turf reinforcement mat is used to line this swale. 

 
The turf reinforcement matting can be torn during mowing. It is important to stabilize these mats 
were they to be ripped. Also, if these mats are not securely anchored along their edges, animals 
such as snakes can become trapped in the mats and perish. If grass is observed to have limited 
growth through the turf reinforcement, that portion of the swale may need to have some topsoil 
applied and be overseeded. 
 
3.3. Removing Unwanted Invasive Species  
Wet ponds with aquatic shelves, stormwater wetlands, poorly draining dry ponds and 
bioretention cells, level spreaders with ponded water, and even swales can become overgrown 
with invasive species. The most common invasive species is the cattail. Cattails (Typha spp.), 
while native to North Carolina, crowd out other, more desirable, plant species. Cattails are very 
tolerant of a variety of conditions and do a good job of pollutant removal. From a function 
standpoint, cattails can be considered a good species of plant to have in any of these BMPs. 
However, cattail monocultures fail on two very important design goals: aesthetics and mosquito 
control. A BMP that is overgrown with cattails is not a diverse ecosystem. Ecosystem diversity is 
critical for mosquito control. Cattails provide a safe environment for mosquito larvae to mature 
to adulthood. When cattails go dormant in the fall, some of the fronds will form a protective 
thicket for mosquitoes. For more information on mosquito control in wetlands and wet ponds, 
please see Mosquito Control for Stormwater Practice Designers and Managers (Hunt et al., 
2005) part of North Carolina Cooperative Extension’s Urban Waterways Factsheet Series 
(AGW-588-4). 
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Removing cattails can be tricky. It is very difficult, if not impossible, to remove a mass of 
cattails by hand. Cattails grow by rhizomes and also spread by seed. If a piece of cattail is left in 
the wetland or wet pond after cattail removal, there is a very high likelihood that the stand will 
re-establish. One means of mass cattail removal is by way of a backhoe. This is recommended 
when a wet pond or wetland is completely overgrown by cattails.  
 
If a BMP, particularly a wetland or wet pond has a variety of vegetation, but cattails are 
beginning to colonize it, an alternative form of cattail removal should be used. One method 
recommended by NCSU Cooperative Extension is to hand apply an aquatic formulation of the 
systematic herbicide glyphosate (one trade name for this is Rodeo™). Care must be taken by 
wearing a chemical resistant glove underneath a cloth glove. Soak the cloth glove in 2% 
glyphosate solution and stroke the cattail fronds. Not every frond needs to be touched by the 
herbicide because many of the cattails are connected by tubers. Within 5-10 days the cattail 
fronds will wither and die (Figure 11). 

  
Figure 11. Applying aquatic glyphosate kills cattails within 2 weeks. 

 
It is important to hand apply the herbicide rather than broadcast spray it because the herbicide 
will kill every herbaceous plant it touches. Only use the aquatic formulation of glyphosate. Fish 
and other aquatic species are not impacted by aquatic formulations of glyphosate. Read and 
follow all label directions. 
 
The frequency of cattail removal somewhat varies. Factors influencing the need to “wipe” 
cattails are the density at which the wetland or wet pond is planted with desirable species, when 
the BMP is planted, and the maturity of the practice. NCSU faculty have observed that during the 
first year or two, cattails need to be removed twice annually. As the wetland matures and 
desirable species become predominate, the maintenance frequency is reduced to once annually at 
the most. The amount of time needed to remove unwanted vegetation (via the glyphosate wipe) 
varies, but a well-maintained mature wetland has been found to require between 20 and 30 
minutes per 0.25 acre of wetland per visit. 
 
Other unwanted plant species include common reed (Phragmites), various noxious floating 
aquatics (such as parrot feather and salvinia), and Asian Dayflower. Phragmites can be removed 
in a manner similar to what was described above for cattails. Noxious floating aquatics may 
require careful chemical or physical (hand) removal. If these exotic invasive species are 
observed, it is recommended to contact a local extension office. 
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3.4 Maintenance Costs Results and Discussion 
Five stormwater practices had maintenance and inspection costs developed: wet ponds, 
stormwater wetlands, dry detention areas, bioretention and sand filters. 
 
3.4.1 Wet Ponds 
Wet pond maintenance was broken into the following 6 categories: 
(1) forebay clean out, (2) vegetation removal, (3) structural repairs to inlet and/or outlet, (4) 
Mowing edges, (5) Material disposal (landfilling), and (6) and inspection/miscellaneous. Table 2 
below summarizes data collected. 
 
Table 2. Average annual maintenance costs for wet ponds of three size ranges. 
Type of Maintenance Task Practice Surface Are (acre) 

0.10 to 0.20 0.8 to 2.0 > 5.0 
Forebay Clean Out $890 $840 $1240 
Vegetation Removal $280 $230 ----- 
Structural Repairs to Inlet/Outlet $190 $190 $190 
Mowing  $210 $940 $720 
Material Disposal $200 $200 $500 
Inspection/Miscellaneous $150 $150 $150 
TOTAL MAINTENANCE COSTS $1,920 $2,560 $3,0901 

1 – Total annual maintenance cost for large surface area wet pond used a vegetation removal cost 
of $280 (the highest cost for that category). 
 
The smallest practice size is over $600 less expensive annually to maintain than the medium 
sized practice, which in turn is over $500 less expensive than the largest practice. However, 
when bearing in mind watershed area treated, the larger the practices are much less expensive 
when considering costs on a per watershed acre treated basis. It is also interesting to note that the 
medium-sized practices are more expensive than the smaller sized wet ponds due principally to 
mowing costs. The medium-sized wet ponds were typically treating residential developments, 
while the small wet ponds were typically part of commercial sites. As expected, residential 
landscape costs were higher. 
 
3.4.2 Stormwater Wetland Maintenance Costs 
 
A stormwater wetland’s maintenance requirements (Table 3) are similar to those of a wet pond: 
(1) forebay clean out & material disposal, (2) invasive control, (3) structural repairs to 
inlet/outlet, and (4) Inspection/Miscellaneous). Total costs are dominated by occasional forebay 
clean out and material disposal. Overall, wetland maintenance costs are somewhat less than those 
of a wet pond. This is principally due to the elimination of mowing along the fringes of the 
practice. The increased cost due to invasive control ($120 to $540) is easily offset by the 
reduction in mowing costs ($210 to $720). Invasive removal costs may be kept lower by annual 
inspection and removal of invasive plants and an initially aggressive planting regime.  
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Table 3. Average annual maintenance costs for stormwater wetlands of three size ranges. 
Type of Maintenance Task Practice Surface Are (acre) 

0.10 to 0.20 0.8 to 2.0 > 5.0 
Forebay Clean Out & Landfill $$11,,009900 $$11,,004400 $$11,,775500 
Invasive Control $$112200 $$227700 $$554400 
Structural Repairs to Inlet/Outlet $190 $190 $190 
Inspection/Miscellaneous $150 $150 $150 
TOTAL MAINTENANCE COSTS $$11,,555500 $$11,,665500 $$22,,663300 

 
Similar to wet ponds, stormwater wetlands exhibit a pronounced tendency toward economies of 
scale. Larger facilities were less expensive to maintain on a per watershed acre treated basis. 
 
3.4.3. Dry Detention Maintenance Costs 
Dry detention maintenance was divided into three areas: (1) Sediment Removal, (2) Mowing, 
and (3) General Upkeep/Inspection. Table 4 summarizes the dry detention data collected. 
 

Table 4. Average annual maintenance costs for dry detention areas of two size ranges 
Type of Maintenance Task Practice Surface Are (acre) 

0.10 to 0.20 0.8 to 2.0 
Sediment Removal $250 $250 
Mowing $420 $1430 
General Upkeep/ Inspection $180 $330 
TOTAL MAINTENANCE COSTS $850 $2,020 

 
The surface area for dry detention basins was typically no larger than 1.5 acres, so this 
stormwater practice divided into two size ranges. Perhaps due to the lack of ponded water, 
maintenance costs for dry detention basins were lower than those associated with similarly-sized 
wet ponds. The dominant maintenance activity for dry detention basins was mowing, which was 
conducted on an average of 3 times per year.  
 
3.4.4 Bioretention & Sand Filters 
Bioretention costs were somewhat difficult to obtain. They are presented in Table 5. Because 
they are typically treated as part of the landscape, traditional landscaping costs are the best 
indicator of potential bioretention maintenance costs. The costs presented herein are reflective of 
bioretention areas located in an upscale shopping center or apartment complex. The average 
annual costs of a bioretention area installed to treat a one acre “high end” land use is 
approximately $1.05 per square foot of practice surface area. . It should be noted that per 
conversations with local landscapers, a similar landscape without bioretention areas would cost 
between $0.80 and $0.90 per square foot of practice area annually. The marginal difference in 
funds spent to maintain the bioretention area is at most $0.25 per square foot per year. 
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Table 5. Bioretention area annual maintenance costs for 1 acre watershed. 
Type of Maintenance Task Watershed 

Size = 1 ac 
Pruning $160 
Mulching $990 
Removing Mulch $530 
Dead Plant Replacement $170 
Trash Removal/ Miscellaneous $1,260 
TOTAL MAINTENANCE COSTS $3,110 

 
Were bioretention cells to be vegetated by solely turf, the maintenance costs go down and the 
maintenance tasks are somewhat different. A grassed bioretention cell is presented in Table 6. 
 

Table 6. Grassed bioretention maintenance costs for 1 acre watershed. 
Type of Maintenance Task Watershed 

Size = 1 ac 
Mowing $170 
Overseeding $50 
Trash Removal/ Miscellaneous $1,260 
TOTAL MAINTENANCE COSTS $1,480 

 
The final stormwater practice for which maintenance costs have been developed was the sand 
filter. Table 7 highlights sand filter maintenance. 
 

Table 7. Sand Filter Maintenance Costs for 1/3 acre watershed 
Type of Maintenance Task Watershed 

Size = 1/3 ac 
Removal of top layer of sand $360 
Pumping Sedimentation Chamber and 
replenishing sand Chamber $940 

Landfill Costs $50 
TOTAL MAINTENANCE COSTS $1,350 

 
Maintenance for a sand filter was divided into two categories: removing debris from the 
sedimentation chamber and unclogging the sand chamber. Costs were collected per 30 linear feet 
of sand filter, which roughly equated to treating a watershed area of one-third acre. Sand filters’ 
annual inspection and maintenance cost an average of $1,350 per 1/3 acre. The per acre 
treatment area cost is expected to range between $3,000 and $4,000, which is similar to those 
costs of a “high end” bioretention area. However, unlike bioretention maintenance, most of 
which would have been incurred to preserve the landscape, the cost of sand filter maintenance is 
completely additional to landscape maintenance. 
 
To contrast these costs per treatment area with those of a small wet pond (watershed area of 5 to 
10 acres), the equivalent sand filter maintenance costs would range from $15,000 to $30,000. 
This is far greater than the less than $2,000/year calculated needed to treat a small wet pond. 
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Appendix A - List of Initial Reviewers of Maintenance Tasks and Associated Frequencies 
NAME PLACE EMAIL PHONE 

Autry, George Cumberland Co., 
Fayetteville 

george_autry@ncsu.edu 910-321-6880 

Bass,Kris NCSU Water Quality 
Group 

kris_bass@ncsu.edu  

Beattie, Dr. Dave Penn State Univer - Hort b50@psu.edu 814-863-2263 
Brown, Charles Architect charles@brownandjones.com 831-2625 x203 
Brown, David for Fairfax, Va. (Durham, 

NC) 
david.brown@durhamnc.gov  

Caisson, Greg/ 
Leslee Black 

City of Fayetteville lblack@ci.fay.nc.us 910-433-1613 

Comstock, Stewart Maryland Dept of Environ scomstock@mde.state.md.us 410-537-3543 
Cox, John Durham john.cox@durhamnc.gov 919-560-1230 x224 
Dinsmore, Kelly Newark, Delaware kdinsmore@newark.de.us 302-366-7040 
Garret, Glenn Retention Pond Services glenn@retentionponds.com 888-791-3600 
H.A.R.P. Newell, NC www.habitatassessment.com 704-687-4061 
Hirschman, David Albemarle County, Va dhirsch@albemarle.org  
Horstman, Tom Town of Cary tom.horstman@townofcary.org 919-469-4076 
Huff, Keith City of Winston-Salem keithh1@cityofws.org 336-747-6962 
Jadlocki, Steve City of Charlotte sjadlocki@ci.charlotte.nc.us 704-336-4398 
Lord, Bill Alexander County Extens william_lord@ncsu.edu 919-496-3344 
Mays, Dave City of Wilmington dave.mayes@ci.wilmington.nc.us 910-343-4777 
Moreland, Karen Prince George's Co. MD kamoreland@co.pg.md.us 301-499-8507 
Pearce, Betsy Cary, NC  919-469-4038 
Quinn III, Jim City of Wilmington jim.quinn@ci.wilmington.nc.us 910-397-0878 
Rhoener, Pete NCSU Grounds pete_rhoener@ncsu.edu 919-513-7682 
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Senior, Mark City of Raleigh mark.senior@ci.raleigh.nc.us 919-890-3837 
Sharkey, Lucas CH2M Hill lsharkey@ch2m.com  
Singletary, Gordon S&W ReadyMix Concrete, 

Wilmington 
egsing@bellsouth.net 910-512-8219 

Small, Ron City of Greensboro ron.small@ci.greensboro.nc.us  
Smith, Jonathan NCSU Extension Asst. jsmith@eos.ncsu.edu 919-515-8595 
Snodgrass, Ed Emery Knoll Farms ed.snodgrass@greenroofplants.com  
Vaughn, Douglas Durham Stormwater Mgr. dvaughn@ci.durham.nc.us 560-4326 x260 
Weinstein, Neil Maryland-Low impact Dev mweinstein@lowimpactdevelopment.org  
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