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16.5.3. Sample Inspection and Maintenance Provisions for Infiltration Basins 
 
Important maintenance procedures: 

− The drainage area will be carefully managed to reduce the sediment load to the 
infiltration basin.   

− Immediately after the infiltration basin is established, the vegetation will be 
watered twice weekly if needed until the plants become established (commonly 
six weeks).   

− No portion of the infiltration basin will be fertilized after the initial fertilization 
that is required to establish the vegetation. 

− The vegetation in and around the basin will be maintained at a height of 
approximately six inches. 

 
After the infiltration basin is established, it will be inspected once a quarter and within 
24 hours after every storm event greater than 1.0 inches (or 1.5 inches if in a Coastal 
County).  Records of inspection and maintenance will be kept in a known set location 
and will be available upon request. 
 
Inspection activities shall be performed as follows.  Any problems that are found shall 
be repaired immediately. 
 

Table 16-2 
Sample Inspection and Maintenance Provisions for Infiltration Basins 

 
BMP element: Potential problem: How to remediate the problem: 
The entire BMP Trash/debris is present. Remove the trash/debris. 
The perimeter of the 
infiltration basin 

Areas of bare soil and/or 
erosive gullies have formed. 

Regrade the soil if necessary to 
remove the gully, and then plant a 
ground cover and water until it is 
established.  Provide lime and a 
one-time fertilizer application. 

The inlet device:  pipe or 
swale 

The pipe is clogged (if 
applicable). 

Unclog the pipe.  Dispose of the 
sediment off-site. 

 The pipe is cracked or 
otherwise damaged (if 
applicable). 

Replace the pipe. 

 Erosion is occurring in the 
swale (if applicable). 

Regrade the swale if necessary to 
smooth it over and provide erosion 
control devices such as reinforced 
turf matting or riprap to avoid 
future problems with erosion. 
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Table 16-2, continued 
Sample Inspection and Maintenance Provisions for Infiltration Basins 

 
BMP element: Potential problem: How to remediate the problem: 
The forebay Sediment has accumulated 

and reduced the depth to 75% 
of the original design depth.  

Search for the source of the 
sediment and remedy the problem if 
possible.  Remove the sediment and 
dispose of it in a location where it 
will not cause impacts to streams or 
the BMP. 

 Erosion has occurred or 
riprap is displaced. 

Provide additional erosion 
protection such as reinforced turf 
matting or riprap if needed to 
prevent future erosion problems. 

 Weeds are present. Remove the weeds, preferably by 
hand.  If pesticides are used, wipe 
them on the plants rather than 
spraying. 

The main treatment area A visible layer of sediment 
has accumulated. 

Search for the source of the 
sediment and remedy the problem if 
possible.  Remove the sediment and 
dispose of it in a location where it 
will not cause impacts to streams or 
the BMP.  Replace any media that 
was removed in the process. 
Revegetate disturbed areas 
immediately. 

 Water is standing more than 
5 days after a storm event. 

Replace the top few inches of filter 
media and see if this corrects the 
standing water problem.  If so, 
revegetate immediately.  If not, 
consult an appropriate professional 
for a more extensive repair. 

 Weeds and noxious plants are 
growing in the main 
treatment area.  

Remove the plants by hand or by 
wiping them with pesticide (do not 
spray).  

The embankment Shrubs or trees have started 
to grow on the embankment. 

Remove shrubs or trees 
immediately. 

 An annual inspection by an 
appropriate professional 
shows that the embankment 
needs repair. 

Make all needed repairs. 

The outlet device Clogging has occurred. Clean out the outlet device.  Dispose 
of the sediment off-site. 

 The outlet device is damaged Repair or replace the outlet device. 
The receiving water Erosion or other signs of 

damage have occurred at the 
outlet. 

Contact the NC Division of Water 
Quality 401 Oversight Unit at 919-
733-1786. 
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September 28, 2007 Changes: 
1. Major Design Elements:   

i. Reformatted to include numbered requirements. 
ii. Added the following requirements from the NC Administrative Code:  

1. “Soils must have a minimum hydraulic conductivity of 0.52 inches per hour 
to be suitable for infiltration,” per 15A NCAC 02H .1008(d)(6). 

2.  “Device must not be sited on fill material,” per 15A NCAC 02H .1008(d)(7). 
3.  “Sizing shall take into account all runoff at ultimate build-out including off-

site drainage.” 
4. “If the BMP is used for sedimentation and erosion control during 

construction, it must be cleaned out and returned to the design state.” 
iii. Separated, “BMP shall be a minimum of 30 feet from surface waters, 50 feet from 

Class SA waters, and 100 feet from water supply wells,” into two requirements. 
2. 16.2:  Corrected references to “Regulatory Design Requirements” by changing them to 

“Major Design Elements”.   
3. 16.2:  Removed the following incorrect statements, ”All of the Regulatory Design 

Requirements are from the North Carolina Administrative Code,” and “…device must 
meet all of the Pollutant Removal Credit Design Requirements.” 

4. 16.4: Removed a reference to Figure 16-3, which is not included in the manual. 
5. 16.4:  The July 2007 manual did not allow infiltration trenches under impermeable 

surfaces.  This has been revised as follows: “Infiltration trenches should not be covered 
by an impermeable surface unless there is suitable maintenance access, the design 
specifies a H-20 loading capacity, and the application includes a cross-section of the H-
20 design.”   

6. Figure 16-1a:  Renumbered.  Previously Figure 16.1 
7. Figure 16.1b:  Added for clarification (infiltration trench cross-section) 
8. Figure 16-2:  Added for clarification (infiltration basin cross-section) 
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17. Dry Extended Detention Basin                         
 
Description 
A dry extended detention basin temporarily stores incoming stormwater, trapping suspended 
pollutants, and reducing the peak discharge from the site. 

 
Regulatory Credits 
Pollutant Removal 

Feasibility Considerations  
 

50% 
10% 
10% 

Total Suspended Solids 
Total Nitrogen 
Total Phosphorus 

Water Quantity 
yes 
yes 

Peak Attenuation 
Volume Capture 

Med 
Small 

Small-Med 
Small-Large 

Med 
Med 

Land Requirement 
Cost of Construction 
Maintenance Burden 
Treatable Basin Size 
Possible Site Constraints 
Community Acceptance 

 
Advantages 
− Can effectively control peak runoff 

discharge rates from both small and large 
drainage areas.  

− Moderately effective at removing 
suspended solids and particulate matter.  

− May allow for recreational and other 
open-space uses between storms. 

− Presents fewer hazards to the public than 
wet basins because of the absence of a 
permanent pool of water. 

Disadvantages 
− Poor or nonexistent maintenance of dry 

extended detention basins is common 
problem throughout the state. 

− Limited effectiveness in removing 
dissolved substances. 

− Tends to develop a soggy bottom or 
standing water, which hinders facility 
maintenance and the growth of effective 
vegetative cover, as well as becoming a 
perceived eyesore. 

− Debris can accumulate and not only be an 
eyesore, but also clog the outlets and 
cause overflows during large rainfall 
events.  

− Can attract children and become a safety 
hazard. Fencing is typically considered 
unsightly. 
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Major Design Elements 
 

1 Sizing shall take into account all runoff at ultimate build-out including off-site drainage.

2 Vegetated side slopes shall be no steeper than 3:1.

3 BMP shall be located in a recorded drainage easement with a recorded access easement to 
a public ROW.

4 If the BMP is used for sedimentation and erosion control during construction, it must be 
cleaned out and returned to the design state.

5 For pollutant removal credit, the applicable design storm must be held for a period of no 
less than 2 but no more than 5 days.

6 BMP shall have an additional 25% storage volume for sediment deposition.

Required by the NC Administrative Rules of the Environmental Management Commission. 
Other specifications may be necessary to meet the stated pollutant removal requirements.

7 Seasonally high groundwater table must be at least 2 feet below the bottom of the basin.

8 The energy of the influent flow must be controlled.
9 The maximum depth shall be 10 feet.
10 Freeboard shall be a minimum of 1 foot above the maximum stage of the basin.
11 A minimum length to width ratio of 1.5:1 is required.
12 A sediment depth indicator must be provided.
13 Basin design must include a drain.
14 A forebay is required if the design flow to the facility is over 10 acre-inches.

Required by DWQ policy.  These are based on available research, and represent what DWQ 
considers necessary to achieve the stated removal efficiencies.

 
 
17.1. General Characteristics and Purpose 
 
As the name of this BMP implies, these basins are typically dry between storm events. A 
low-flow outlet slowly releases water retained over a period of days. This BMP can be 
applied in residential, industrial, and commercial developments where sufficient space 
is available. The primary purpose of dry extended detention basins is to attenuate and 
delay stormwater runoff peaks. They are appropriate where water quality issues are 
secondary to managing peak runoff, since the overall pollutant removal efficiency of dry 
extended detention basins is low. Dry extended detention basins are not intended as 
infiltration or groundwater recharge measures.  See Figure 17-1 for an example of a dry 
detention basin located in a commercial/industrial development. 
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Figure 17-4 

Profile of a Dry Detention Basin 
 

Fill in blanks for the dry detention basin. 
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September 28, 2007 Changes: 
1. Major Design Elements:  

a. Reformatted to include numbered requirements. 
b. Added, “For pollutant removal credit, the applicable design storm must be held 

for a period of no less than 2 but no more than 5 days,” per 15A NCAC 02H 
.1008(e)(2). 

c. Added, “If the BMP is used for sedimentation and erosion control during 
construction, it must be cleaned out and returned to the design state.”  

2. 17.2:  Added, “The design specifics for volume and/or peak flow control will vary 
according to the area where the applicable regulations for the area where the project will 
be located.” 

3. Figure 17-4:  Corrected the labeling of the temporary pool. 
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18. Permeable Pavement    
 
Description 
An alternative to conventional concrete and asphalt paving materials that allows for 
infiltration of storm water into a storage area, with void spaces that provide temporary 
storage. 

 
Regulatory Credits 
Pollutant Removal 

Feasibility Considerations  
 

0% 
0% 
0% 

Total Suspended Solids 
Total Nitrogen 
Total Phosphorus 

Water Quantity 
possible 
possible 

Peak Attenuation* 
Volume Capture* 

NA 
Med-High 

High 
NA 

High 
High 

Land Requirement 
Cost of Construction 
Maintenance Burden 
Treatable Basin Size 
Possible Site Constraints 
Community Acceptance 

*Peak runoff attenuation credit is given by lowering the  Rational "C" coefficient for 
runoff calculations.  Volume reduction credit is given by lowering the percent 
imperviousness.   
 
Advantages 
• Replaces completely impervious surfaces 

with partially impervious surfaces.    
• Reduces stormwater runoff rate and 

volume. 
• Reduces loads of some pollutants in 

surface runoff by reducing the volume of 
stormwater leaving a site. 

• Saves area by using treatment area for 
parking/driving. 

Disadvantages 
� Applicability generally limited to the 

Coastal Plain and Sandhills regions. 
� Potential for clogging of porous media by 

sediment, which could lead to reduced. 
effectiveness without proper maintenance 

• Not applicable for high-traffic areas or 
for use by heavy vehicles. 

 
Major Design Elements 

1 Completed permeable pavement installation must have a slope less than 0.5%.
2 Soils must have infiltration capacity of at least 0.52 in/hr permeability.
3 Only 2 acre-feet of soil per acre disturbed can be graded for the permeable pavement 

footprint.
4 The top 3-ft of soil must have no finer texture than Loamy Very Fine Sand as determined 

by a soil analysis.

Required by DWQ policy.  These are based on available research, and represent what DWQ 
considers necessary to achieve the stated removal efficiencies.
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18.1. Description and Purpose 
 
Traditional paved surfaces, such as asphalt and concrete, do not allow water to infiltrate 
and convert almost all rainfall into runoff.  If designed and implemented correctly, 
permeable pavement systems allow at least a portion of stormwater to infiltrate, thus 
reducing peak runoff volumes and flows.  Permeable paving materials include, but are 
not necessarily limited to, porous concrete, permeable interlocking concrete pavers, 
concrete grid pavers, and porous asphalt. Compacted gravel will not be considered as 
permeable pavement.  Figure 18-1 shows various permeable pavement systems. 
 

Figure 18-1 
Various permeable pavement systems 

Courtesy of NC State University – Biological and Agricultural Engineering Department 

 
18.2. Location and Characteristics 
 
There are two primary locational design constraints that affect the applicability of 
permeable pavement in North Carolina. 

1.   The in-situ soils beneath the permeable pavement must have sufficient infiltration 
capacity for the permeable pavement to drain.  To satisfy this requirement, the 
following conditions must be met: 

a. The footprint of the permeable pavement installation must have a vertical 
saturated hydraulic conductivity of at least 0.52  in/hr (as determined by a 
soil analysis) for the soil horizon located beneath the base of the pavement 
system to a total depth of 3 ft.  
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b. The soil beneath the pavement system (to a total depth of 3 ft) must also have 
no finer texture than Loamy Very Fine Sand as defined by the United States 
Department of Agriculture – Natural Resources Conservation Service 
(USDA-NRCS) and as determined by a soil analysis. 

c. Only 2 ac-ft of soil per acre disturbed can be moved for the footprint of the 
permeable pavement.  Mass grading can significantly alter the site’s 
applicability for permeable pavement.  If mass grading occurs and conditions 
(a) and (b) are still met, then an exception for this requirement can be given.  
However, a soil analysis will be required after the grading is completed to 
verify the soil properties.   

2.   Permeable pavement has the potential to be clogged by solids delivered to the 
permeable pavement surface by vehicular traffic and run-on from adjacent surfaces.  
To address this concern, the following conditions must be met: 

a. The site must be located in the Sand Hills and Coastal Plains physiographic 
regions, including all barrier islands (see map in Figure 18-2).  Since fine soils 
are prevalent in other areas of North Carolina, there is a greater possibility 
that vehicles or run-on from adjacent surfaces could transport fine sediment 
onto the site and clog the permeable pavement.   

b. An exception to this locational requirement could be made on a case-by-case 
basis by the permitting authority for sites in other areas of the State if soils 
within a 1-mile radius of the site are coarser than Loamy Very Fine Sand for 
the top 3 ft as defined by the USDA-NRCS.   

 
Figure 18-2 

The Sand Hills and Coastal Plain physiographic regions of North Carolina. 
Map created by DWQ with data from USDA-NRCS, 200 

18.3      Design 

18.3.1 Requirements for Regulatory Compliance 
 
Water Quantity Credit 
 
Properly designed and constructed permeable pavement will receive credit in the 
following ways: 
 

1.  Percent imperviousness reduction for built-upon-area calculations.   

For permeable pavement systems, credit will be given such that a portion of the 
permeable pavement will not be counted as impervious for built-upon-area 
calculations.  Depending on the type of system used and its construction (see 
Table 18-1), a portion of the permeable pavement will be counted as “managed 
grass.”  The remainder will be counted as impervious. This credit will reduce the 
total built-upon area for low-density/high density determinations as well as the 
impervious area percentage for nutrient load calculations.  Permeable concrete 
can be constructed without a gravel base, but all other systems that require a 
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gravel base (flexible pavements) receive credit as managed grass based on the 
thickness of the gravel base layer.  The increase in gravel base provides more 
underground storage for stormwater.    

 
Table 18-1 

Credit received for various permeable pavement systems 
(*See note below regarding reduced credit in SA waters.) 

 

Permeable Pavement System Credit as Percent 
Managed Grass 

Permeable concrete without gravel base *40 % 
Permeable concrete with at least 6” of gravel base (washed stone) *60 % 
Flexible pavements with at least 4” of gravel base (washed stone) *40 % 
Flexible pavements with at least 7” of gravel base (washed stone) *60 % 

 

*  Permeable pavement systems that drain to, and are located within ½ miles of SA-classified 
waters, and are installed to achieve compliance with the coastal low-density limitations, 
will receive only ½ of the credit outlined in this table.  The Division will continue to 
evaluate information regarding system performance and will reconsider this policy at a 
later date.  This precautionary step has been taken because of the continuing trend of 
degraded and impaired shellfish waters. 
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2.  Peak flow reduction and volume reduction 

 
For methods to calculate peak runoff rate and runoff volume that require percent 
imperviousness (such as the Simple Method), the reduction in imperviousness as 
managed grass listed above in Table 18-1 can be used.  For example, permeable 
concrete with at least 6” of gravel will be counted as 40% impervious.  
 
To determine peak runoff rate using the Rational Method, a Rational Coefficient of 
0.22 for managed grass and 0.96 for impervious areas can be used.   To determine 
runoff volume using the SCS Method, a Curve Number of 61 for managed grass 
and 98 for impervious areas can be used.  Both the Rational and SCS Methods are 
to be applied using the ratios of managed grass and imperviousness listed above in 
Table 18-1. A thorough discussion of some of the research that supports these 
policies is given by Bean, 2005. 

 

Pollutant Removal Credit 

Permeable pavement will not receive direct credit for any pollutant removal (percent 
reduction, e.g.).  However, for the purpose of meeting pollutant control requirements, 
credit received for reducing percent imperviousness will have the effect of reducing 
pollutant loads.  The extent of pollutant reduction will depend on the site configuration.  
The means of receiving pollutant removal credit for TSS differs from the means for 
nutrients. 
 
In DWQ’s stormwater programs, TSS is not calculated directly based on site conditions.  
Instead, individual BMPs receive credit for a certain percentage of TSS reduction, which 
is applied to the total percentage of TSS removal that must be achieved at a site.  This 
percentage reduction is not credited towards a calculated amount of TSS generated at a 
site; instead, the runoff generated at a site must receive a certain percentage of treatment 
(85%, e.g.).  Permeable pavement will not receive a percentage credit for reducing TSS, 
but it will receive credit by reducing the volume of runoff that must be treated for TSS.  
The effect of permeable pavement will therefore be to reduce the size of BMPs that are to 
be used for TSS removal. 
 
Example TSS Reduction Calculation 
 
Suppose the runoff from the first inch of rainfall from a 1-acre parking lot must be 
controlled and treated for 85% TSS removal.  If this 1-acre parking lot is completely 
covered with impervious asphalt, the volume of runoff that must be treated is about 0.95 
ac-in, using the Simple method (Schueler, 1987):   
 

Rv  =  0.05 + 0.009 (I) 
Rv =  0.05 + 0.009 (100) = 0.95  

 
Where:  Rv  =  runoff coefficient (in/in),  

I  =  percent imperviousness, % 
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Volume  = Design Rainfall * (Rv) * Drainage Area 
  = 1 in * 0.95 * 1 ac 
  = 0.95 ac-in 
 
If this site is completely covered with pemeable concrete without a stone base layer, the 
site will receive credit as 40% managed grass and 60% impervious.  Using the Simple 
method, the runoff that must be treated is 0.59 ac-in.   
 
Rv = 0.05 + 0.009 (I) 
Rv = 0.05 + 0.009 (60) = 0.59  
 
where  Rv = runoff coefficient (in/in),  

I = Percent imperviousness, % 
 
Volume  = Design Rainfall * (Rv) * Drainage Area 
  = 1 in * 0.59 * 1 ac 
  = 0.59 ac-in. 
 
For stormwater programs requiring nutrient removal, a specific nutrient load must be 
attained.  The post-development nutrient load is calculated based on the land-use types 
of the site.  Permeable pavement systems receive credit for nutrient reduction by 
reducing the area of impervious land cover.  Permeable pavement should receive credit 
for nutrient removal in the manner described in the example below; however, local 
authorities may develop their own method as long as it is at least as stringent as the 
method presented here.   
 
Example Nitrogen Reduction Calculation for the Neuse River Basin 
 
If a site has 1 acre of conventional impervious surfaces, the annual nitrogen load would 
be computed as follows in the Neuse River Basin (the Tar-Pamlico Basin has slightly 
different export coefficients, but the principle is the same): 
 
The annual nitrogen load from impervious surfaces is 21.2 lb N/ac/yr (DWQ, 1999).  
Therefore, the nitrogen load from 1 acre is 21.2 lb N/yr.   
 
However, if there were 1 acre of permeable pavement with at least 6 in. of washed stone 
base, the nitrogen load would decrease.  The nitrogen load from managed grass surfaces 
is 1.2 lb N/ac/yr.   
 
Under the guidelines above in part one, the acre of permeable pavement would be 
counted as 40% impervious and 60% managed grass.   

Annual Nitrogen Load = 21.2 lb N/ac/yr  * 0.4 ac + 1.2 lb N/ac/yr * 0.6 ac 
Annual Nitrogen Load = 9.2 lb N/yr  
 

The ratios of impervious and managed grass areas can also be used for phosphorus 
export calculations.  Phosphorus export in urban settings comes from lawns (fertilizers, 
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