
Level Spreader Update: 
Design, Construction, and Maintenance
Level spreaders are required structural stormwater practices that are often employed 
upslope of vegetative filter strips (VFS). This publication presents an update on the 
design, construction, and maintenance of level spreaders in North Carolina. 

Publications that provide an overview 
on level spreaders include Urban 
Stormwater Structural Best Manage-
ment Practices, AG-588-01, and Level 
Spreaders: Overview, Design, and 
Maintenance, AG-588-09W, of the 
Urban Waterways series. A companion 
Urban Waterways publication to this 
fact sheet reviews recent research find-
ings on level spreaders (Level Spreader 
Update: Performance and Research, 
AG-588-21W).
 Urban development in North Caro-
lina has led to construction of imperme-
able surfaces such as rooftops, roads, 

and parking lots. These surfaces in-
crease the volume of stormwater runoff 
generated and the rate of conveyance 
to surface waters, leading to changes in 
the hydrologic cycle, including reduced 
groundwater recharge. Traditional urban 
developments also cause increased 
pollutant loading to surface waters. 
Structural stormwater best manage-
ment practices (BMPs) are often used 
to mitigate these impacts. Stormwater 
BMPs are treatment systems designed 
to reduce flooding and remove pollut-
ants from runoff, thereby reducing the 
loads of common pollutants, including 

A BMP for NeAr-SurfAce  
SeASoNAlly HigH WAter tABleS.
Bioretention and permeable pavement, 
two common stormwater BMPs, cannot 
be used when seasonally high water 
tables are within 2-3 feet of ground sur-
face, due to concerns with groundwater 
contamination. In eastern North Carolina, 
where slopes are low and high water 
tables are common, LS-VFS systems 
could potentially be employed in lieu of 
these practices.

Evidence of seasonal high water table on a 
construction site
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nitrogen, phosphorus, sediment, heavy metals, and 
hydrocarbons. Stormwater BMPs utilized in North 
Carolina include bioretention areas, permeable pave-
ment, cisterns, infiltration devices, and wet detention/
retention ponds. Another stormwater practice that has 
the potential for widespread use throughout North 
Carolina is the level spreader-vegetative filter strip 
(LS-VFS).  

REVIEW OF TERMINOLOGY
Level spreaders may be located upslope of riparian 
buffers (LS-RB) or vegetative filter strips (LS-VFS). 
Requirements for LS-RB or LS-VFS systems in-
clude a flow splitter, an overflow (or bypass) swale, 
a forebay, a blind swale, and a level spreader. An 
appropriately sized flow-splitting device should be 
installed at the inlet to the LS-RB or LS-VFS to divert 
runoff generated by rainfall above the design intensity 
(typically 1 in./hr) to a bypass swale. The remaining 
runoff enters a forebay to facilitate sediment deposi-
tion before being conveyed to a blind swale. When 
the blind swale fills, water disperses evenly along the 
length of the level spreader (Figure 1). Infiltration and 
filtration of stormwater remove particulate pollutants 
as the runoff passes through the downslope riparian 
buffer or vegetative filter strip.

Figure 1. Level spreader system cross-section

REQUIREMENTS FOR LEVEL SPREADER USE
Currently, the North Carolina Department of Envi-
ronment and Natural Resources (NCDENR) requires 
level spreaders to be used in three situations: (1) 
upslope of a riparian buffer to achieve diffuse flow, 

(2) downslope of an infiltration device or wet pond 
to safely discharge stormwater to a buffer, and (3) 
upslope of an engineered filter strip to receive pollut-
ant removal credit (Table 1, adapted from NCDENR, 
2007a).
 An LS-VFS system may be used as a stand-alone 
BMP to meet the diffuse flow requirements of the 
buffer rules (minimum width of 50 feet) or to achieve 
pollutant removal credits of 40 percent total suspend-
ed solids (TSS), 30 percent total nitrogen (TN), and 
35 percent total phosphorus (TP) (minimum width 
of 30 feet). A standard wet pond (one designed for 
85 percent TSS removal) or infiltration device must 
discharge to a vegetative filter strip that is a minimum 
of 30 feet wide, with a level spreader at its upslope 
end (NC Administrative Code 1995). This minimum 
filter strip width increases to 50 feet in class SA (salt-
water shell-fishing) waters. Because the wet pond is 
required to draw down the water quality event over a 
2-5 day period, flow rates to the level spreader should 
be small, providing improved VFS performance. 

LEVEL SPREADER DESIGN 
CONSIDERATIONS
An earlier fact sheet (AGW-588-09) recommended 
level spreader designs for a flow bypass, forebay, 

buffer slope, and for level spreader 
materials. Design recommendations 
for level spreaders made in 2006 
that are still applicable include those 
listed in Table 2.
     Recent research has furthered 
understanding of level spreaders (see 
Urban Waterways fact sheet Level 
Spreader Update: Performance and 
Research, AG-588-21W). Updates on 
design, construction methods, main-
tenance, and future possibilities for 
LS-VFS design are presented here. 
Some of these design considerations 
are not required by NCDENR Divi-
sion of Water Quality (DWQ), but 
are suggested to enhance the perfor-

mance of these systems.

uNderdrAiNS

Underdrains are optional for use in conjunction with 
level spreaders (NCDENR 2007a). If in situ soils 
have low infiltration rates, the blind swale and fore-
bay will not drain properly between storm events. 
Poor drainage will cause vegetation in these depres-
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Table 1. Design requirements for LS-VFSs in North Carolina

Purpose Receiving flow 
from Type of VFS Design flow (Bypass 

larger flows)

Criteria 
for sizing 

LS

Minimum 
width of VFS

Maximum 
slope of VFS

Diffuse flow per 
Buffer Rule1

Drainage area Protected 
riparian buffer

1 in/hr storm (bypass 
larger flows) 50 ft/cfs 50 ft (entire 

riparian buffer) 5%

BMP Protected 
riparian buffer

10-yr storm discharge 
up to 2 cfs (bypass 

flows exceeding 2 cfs)
50 ft/cfs 50 ft (entire 

riparian buffer) 5%

SW Rule Provi-
sions in SL 2008-

211 (Coastal 
Cos.) & 15A 

NCAC 2H .10082

85% TSS 
removal wet 

pond or a  
standard  

infiltration 
system

Wooded set-
back/ buffer/ 

filter strip

10-yr storm discharge 
up to 2 cfs (bypass 

flows exceeding 2 cfs)
50 ft/cfs

30 ft in most 
watersheds; 50 
ft in SA waters

5%

Herbaceous 
setback/ buf-
fer/ filter strip

10-yr storm discharge 
up to 5 cfs (bypass 

flows exceeding 5 cfs)
20 ft/cfs

30 ft in most 
watersheds; 50 
ft in SA waters

8%3

Engineered 
filter strip

10-yr storm discharge 
up to 10 cfs (bypass 

flows exceeding 10 cfs)
10 ft/cfs

30 ft in most 
watersheds; 50 
ft in SA waters

8%

Pollutant  
Removal

Drainage area Engineered 
filter strip

1 in/hr storm (bypass 
larger flows) 10 ft/cfs 30 ft 8%

BMP Engineered 
filter strip

10-yr storm discharge 
up to 10 cfs (bypass 

flows exceeding 10 cfs)
10 ft/cfs 30 ft 8%

1 If the slope in the riparian buffer exceeds 5% or the 1 in/hr storm from the drainage area exceeds 2 cfs, then an LS may not be used adjacent 
to the buffer. Instead of diffuse flow, a BMP that removes at least 30% TN and 30% TP must be provided. A BMP that removes 30% TN and 30% 
TP may discharge through the buffer with a buffer authorization from the DWQ 401 program.

2 Wet detention ponds designed to remove 90% of TSS do not require the use of an LS-VFS per Chapter 10 of the BMP Manual. Infiltration 
basins designed per Section 16.3.9 do not require the use of an LS-VFS.

3 If the herbaceous setback/buffer is located east of I-95 and the slope is less than 2%, then the LS lip may be sized based on the design stan-
dards for the engineered filter strip (10 ft/cfs).
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sions to die, creating both an eyesore and the potential 
for sediment export. Therefore, underdrains should 
be used beneath the blind swale and forebay when 
infiltration rates of the in situ soil are less than 1 in./hr 
(See Figure 1). This is usually the case for in situ soils 
that are tighter than sandy loam, or if silt and clay 
comprises more than 12 percent of the underlying 
soil. Underdrains should also be installed if soils have 
been significantly compacted during construction. The 
underdrains should daylight in the bypass swale.

LETTING THE BLIND SWALE VEGETATE
Blind swales could become linear stormwater 
wetlands if they retain water. This is not necessarily 
a problem. In fact, from a nitrogen removal perspec-
tive, a blind swale wetland may modestly improve 
system performance. A few factors to consider are 
the types of plants to allow and the proximity of the 
device to small children. Careful plant selection can 
minimize the potential for mosquitoes. 

eNtrANce ANgle

Typically, a level spreader receives stormwater from a 
pipe or other conveyance that discharges to a forebay 
and then to a blind swale. An improper entrance angle 
can short-circuit the level spreader. Figure 2a shows 
a level spreader receiving concentrated flow from a 
pipe and dispersing it across its length. However, if 

this pipe were flowing closer to capacity, water would 
easily overtop the level spreader without flow being 
spread across its length. Ideally, the designer should 
force the flow to enter the blind channel parallel to 
the level spreader, to most effectively diffuse flow 
(see Figure 2b). If having the flow enter the swale 
perpendicularly is unavoidable, a larger forebay than 
that shown in Figure 2a is needed to still flow before 
it enters the blind swale. The NCDENR DWQ storm-
water manual requires flow to discharge parallel to 
the level spreader if the blind swale is lined with grass 
(NCDENR 2007a).

Design Consideration Specification

Design Rainfall Intensity 1 in./hr

Forebay Sizing 0.2% of watershed size

Level Lip Material Concrete or other Stable  
Material

Maximum Buffer Slope 
for Grass or Thick Ground 

Cover
8%

Flow Bypass Yes, for all intensities greater 
than 1 in./hr

Maintenance Frequency Yearly or after every 2-yr,  
24 hr storm

Maintenance  
Recommendations

Removal of Sediment and  
Debris, Repair Erosion in  

Buffer, Mowing

Table 2. Retained design guidance for LS-VFSs

Figure 2b. Example of an appropriate entrance angle for a 
level spreader

Figure 2a. Example of a poor entrance angle for a level 
spreader

Flow 
Direction
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LEVEL SPREADER CONSTRUCTION
Proper construction sequencing will ensure that the 
LS-VFS BMP is functioning as designed to im-
prove water quality. Avoid driving heavy equipment 
through the VFS to prevent compaction. Grading of 
the filter strip (if required) should be the first step 
in the construction sequence. Grade the site to the 
design slope using a box blade or similar tool. Where 
soil compaction may have occurred, consider using a 
field cultivator or subsoiler to loosen the soil. Sod the 
filter strip with appropriate turf. The blind swale and 
level spreader should be constructed next. Using a 
small excavator (or back hoe), dig a rectangular hole 
large enough for the blind swale and level spreader. It 
should nominally be dug to a depth of 1 foot or below 
the frost line, whichever is deeper (Figure 3).

To date, level spreaders are more easily cast in place 
rather than precast, although precast options may 
become more commonly used. If the level spreader 
is cast in place, forms will be needed (Figure 4). The 
level spreader should be located at the downslope end 
of the excavated area, and the forms should be ap-
proximately 2 inches higher than the soil downslope 
to prevent vegetation from blocking diffuse flow 
(Figure 5).
 It is critical that the top of the forms is level. Level 
spreaders must be level! Pour concrete to the top of 
the forms. Depending on the length and access to the 
level spreader, either mix the concrete onsite or have 
it delivered (Figure 6). Once the concrete is poured, 
ensure that the top surface is level by using a wooden 
dowel (or similar tool) to screed excess concrete from 
above the level of the top of the forms (Figure 6).

Figure 3. Excavation of blind swale and level spreader 
depression

Figure 5. Side view of completed forms for two level 
spreaders

Figure 4. Construction of forms for the level spreader

 Allow the concrete to set overnight. The wooden 
forms can then be removed to reveal the finished 
level spreader. If the underlying soil is poorly 
drained, install an underdrain upslope of the level 
spreader to drain the blind swale. Place soil around 
the level spreader, and shape the blind swale (Figure 
7). In urban applications, the blind swale may be 
concrete. An advantage of a concrete channel is the 
relative ease of removing accumulated debris during 
maintenance. 
 After completing all earthwork associated with the 
level spreader and blind swale, the forebay should be 
constructed using a small excavator. Place an under-
drain under the forebay if the underlying soils are 
high in clay or silt content. Following forebay con-
struction, sod the blind swale (Figure 7). Sod is rec-
ommended to vegetate the forebay, although concrete 
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or riprap is sometimes used (Figure 8). Construct an 
overflow swale adjoining the VFS using a small ex-
cavator or similar implement. Sod or seed, and install 
erosion control matting to vegetate the swale if low 
velocities and high sunlight are expected. If storm-
water is expected to reach highly erosive velocities 
or if sunlight penetration is not expected, use class B 
riprap to line the swale. Per the NCDENR stormwater 
manual, proper vegetation or lining should be selected 
so that the swale will non-erosively pass the 10-year 
peak runoff rate (NCDENR 2007b). 
 Next, a diversion box may be installed. Flow diver-
sion to the LS-VFS or the overflow swale should not be 
allowed until both practices are stabilized. This struc-
ture should be installed at the inlet to the forebay, to 
split flow between the forebay and the overflow swale 
as determined by the engineering designs (Figure 8).

Figure 6. Pouring concrete for the level spreader

Figure 7. Level spreader and blind swale post-construction

Figure 8: Installation of diversion box

To overflow 
swale

To forebay and 
blind swale

Diversion box

Optional forebay

Flow 
Direction
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THE FUTURE OF LEVEL SPREADERS  
IN NORTH CAROLINA
Level spreader use, particularly in conjunction with 
vegetative filter strips, is still in its infancy. Many 
unexplored design possibilities exist, some of which 
are discussed in this section.

VfSS outSide of riPAriAN BufferS

Since the passage of the Neuse and Tar-Pamlico rules, 
level spreaders have most often been used in con-
junction with riparian buffers. However, the effective 
buffer study described in Level Spreader Update: 
Performance and Research (AG-588-21W) quantifies 
reconcentration of flow in wooded filter strips, which 
decreases LS-RB performance. Since riparian buffers 
in North Carolina are typically wooded systems, level 
spreaders may actually be best used outside of the 
riparian area. This means that grassed filter strips may 
become the more likely downslope condition for LS 
use in the coming years. Since LS-VFSs are located 
outside of riparian buffers, they are exempt from the 
regulations requiring preservation of and limiting 
equipment access to the buffer. Therefore, designers 
of LS-VFSs have more flexibility in design and can 
adjust filter strip slopes through grading, specify a 
VFS length, and amend in-situ soils.

VegetAtioN SelectioN for lS-VfSS

Turf-type, deep-rooted grasses, such as fescue, blue 
grass, or bermuda, should be specified in LS-VFS 
design. Recommended grasses for the mountains, 
piedmont, and coastal plain are identified in Table 3. 
These grasses require routine maintenance and occa-
sional renovation and reseeding. VFS soils should be 
analyzed using NCDA soil tests (free of charge—see 
your local N.C. Cooperative Extension office). Soil 
pH should be corrected to allow for optimum growth. 
See Carolina Lawns (AG-69) for more information on 
optimum pH and vegetation establishment.

grAdiNg of SloPeS

It is typically recommended that contractors grade 
the existing slopes of a vegetative filter strip to cre-
ate constant longitudinal slope (downslope of and 
perpendicular to the level spreader) and zero percent 
lateral slope (parallel to level spreader). Creating a 
longitudinal slope of 2 percent or less will maximize 
VFS performance by decreasing flow velocities. 
Steeper slopes, such as 8-10 percent, are possible, but 
have not been tested yet. Minimizing or eliminating 
lateral slope along the length of a VFS is very impor-
tant. Doing so will prevent reconcentration of flow, 
resulting in improved LS-VFS performance.

WidtH of VfS
Based upon stormwater regulations and results from 
research studies in North Carolina, a minimum VFS 
width of 30 feet has been established by NCDENR 
for LS-VFS stormwater BMPs. A well-vegetated 30-
foot VFS will reduce nutrient and TSS loads before 
runoff enters surrounding water bodies. Additional 
research will be performed on LS-VFS systems, with 
the ultimate goal of relating filter strip length (and 
other parameters) to TN, TP, and TSS load reduc-
tions. Many design variables, including VFS slope, 
VFS length, vegetation type, soil type, relative size of 
drainage area to the filter strip area (DA:FSA ratio), 
and watershed imperviousness, may affect the extent 
to which a LS-VFS reduces pollutant loads. 

Soil AMeNdMeNtS

A VFS’s soil may be amended to increase permeabil-
ity when in situ soils are high in clay and silt content. 
A sand or other coarse soil mixture can be tilled into 
the existing soil to a depth of 12 inches to increase the 
pore space in the soil and improve root penetration. 
This should increase infiltration rates, which would 
improve pollutant load reductions for this BMP. An 
LS-VFS in Charlotte, NC, had coarse-particle soil 
amendments (Hunt et al., 2010). Cumulative volume 
reduction over the 14-month study period was 85 per-
cent, which was due in part to the soil amendments. 
This VFS was described in greater detail in the Urban 
Waterways fact sheet Level Spreader Update: Perfor-
mance and Research (AG-588-21W).
 Another soil amendment practice is tilling in soil 
mixes that adsorb certain pollutants (such as phos-
phorus or heavy metals). For sterile sandy soils, the 
addition of some fines (up to 8 percent) and a mod-
est amount of organics can improve porosity and the 
soil’s ability to fix P and heavy metals. 

Region Appropriate Grasses

Mountains Blue Grass, Tall Fescue

Piedmont Tall Fescue, Common Bermuda

Coastal Plain Centipede, Common Bermuda

Table 3. Appropriate grasses for LS-VFSs by region
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MAINTENANCE: DOS AND DON’TS
All stormwater BMPs must receive regular main-
tenance to function as intended. Maintenance of 
LS-VFSs involves mowing the VFS, removing trash 
and debris, and removing sediment and solids from 
the forebay and blind swale. Mowing should be 
regular; preferably, the person responsible for mow-
ing should be aware that the LS-VFS is a BMP so 
that he or she can detect problems early and perform 
simple maintenance as needed. Avoid mowing dur-
ing wet conditions so that the VFS is not rutted by 
wheels or blades. Remove trash and debris every 
six months using a wheelbarrow and shovel. Trash 
and debris tend to collect in the splitter box, fore-
bay, and blind swale. Sediment in the diversion box, 
forebay, and blind swales should be removed on 
a yearly basis or after each 2-year, 24-hour event. 
Fertilizer should never be applied to the VFS, as this 
will result in an export of nitrogen and phosphorus 
from the BMP. One exception to this rule would be 
during initial vegetation establishment. Maintenance 
requirements for LS-VFSs are detailed further in 
NCDENR (2007a), Table 8-3.

LIMITATIONS
Limitations of this BMP include reconcentration of 
flow, misapplication of fertilizer and other inappro-
priate “maintenance,” and public knowledge of the 
BMP. Mowing immediately following a rainstorm can 
be detrimental to VFS performance. When the soil is 
saturated, mowers can create ruts and compaction in 
the filter strip, causing reconcentration of the diffuse 
flow and reducing performance of the BMP. Since a 
filter strip appears similar to other grassy areas, the 
public may not know that it is a stormwater treatment 
device. Dog-walking in the filter strip may become a 
problem, because bacteria in dog feces can be harmful 
to receiving waters. Also, maintenance professionals 
may accidentally apply fertilizer to VFSs, which will 
impair their performance. Signs should be posted to 
alert the public that VFSs are stormwater treatment 
devices.
 Practical limitations also exist in the design of 
these systems. LS-VFSs should be used to drain small 
watersheds; larger watersheds require longer level 
spreader lengths. Longer level spreaders are much 
more difficult to construct. For this reason, maximum 
level spreader length requirements are set at 100 feet 
(NCDENR 2007a).

 Also, volumetric reductions for LS-VFSs oc-
cur mainly during small storm events. Once the soil 
becomes saturated, infiltration is greatly reduced. This 
means that a greater proportion of stormwater will 
pass through the filter strip as the soil pore space is 
taken up by infiltrated water. 

SUMMARY
Level spreader-vegetative filter strip BMPs are likely 
to become more popular in the near term, because 
they can be employed in locations where other prac-
tices cannot (such as in areas with high water tables). 
Improved design, such as proper entrance angles, soil 
amendments, and addition of underdrains, as well as 
regular and appropriate maintenance, should provide 
improved functionality for LS-VFS systems. Con-
struction techniques for level spreaders should pro-
vide the designer or installer with the details needed 
to correctly install these systems. Further details on 
performance and research are presented in another 
Urban Waterways fact sheet titled Level Spreader 
Update: Performance and Research.
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