
Stormwater Inspection & Maintenance Workshop 
Richmond, VA 

DEQ Central Office, Training Room – 629 East Main Street 

 

  

Day 1: Inspection Training 
October 9, 2013 

 

8:30 – 9:00 Welcome and Introductions ALL 

9:00 – 9:15 

The Future of the Virginia Stormwater 
Inspector 
Understanding the need for a revised paradigm 
for local LID BMP inspection. 

Tom Schueler, CSN 
 

9:15 – 10:45 

The Visual Indicators Approach to 
Inspecting and Maintaining 
Stormwater BMPs  
An introduction to the Visual Indicators 
inspection system for LID practices and ponds 
and wetlands 

Cecilia Lane, CSN  
& 

Ted Scott, SMC 
 

10:45 – 11:00 Break 

11:00 – 11:45 

Special BMP Forensic Investigations 
A specialized assessment to comprehensively 
diagnose a practice that is failing or has failed, 
and then come up with a plan to bring it back into 
compliance. We will be discussing LID practices 
and ponds and wetlands.  

Ted Scott, SMC 
 

11:45 – 12:30 

Construction Inspection 
Inspections to ensure that the practice is built to 
design specifications and any field changes are 
acceptable.   

Laurel Williamson, 
CWP  

& 
Chris Sonne, 

Sustainable Sites 

12:30 – 1:15 Lunch (on your own) 

1:15 –4:00 
 

Field trip to Inspection LID Practices 
A field visit to local LID sites in Richmond and a 
demo of the new “Bioretention Illustrated 
Inspection App”. 

ALL 
 

4:00 – 4:30 

Inspection and Maintenance 
Roundtable Discussion 
A group discussion where participants will be 
asked to share their inspection and maintenance 
“war stories”.  

ALL 

4:30 Evaluations & Adjourn 



Stormwater Inspection & Maintenance Workshop 
Richmond, VA 

DEQ Central Office, Training Room – 629 East Main Street 

 

Day 2:  Designing Your Maintenance Program  
October 10, 2013 

 

8:30 – 9:00 Welcome and Introductions ALL 

9:00 – 9:30 
The New Paradigm for Local LID 
Maintenance Programs 

Tom Schueler, CSN 

9:30 – 10:30 

Developing an Inspection & 
Maintenance Program  
Beginning with an explanation of the regulatory 
foundation for inspection and maintenance 
programs we will hear from people with opposing 
viewpoints on the ways of handing the elements of 
maintenance and inspection programs. 
 very different perspectives on several important 
components of maintenance and inspection 
programs  

Cecilia Lane, CSN, 

Ted Scott, SMC 

& 
Dave Hirschman, 

CWP 
 

10:30 – 10:45 Break 

10:45 – 12:00 
Developing an Inspection & Maintenance Program 
continued 

12:00 – 1:00 Lunch (on your own) 

1:00 – 2:30 

Local Maintenance Programs Panel and 
Discussion 
A panel of municipal experts will discuss their 
experience with their local maintenance programs 
including success stories, innovative approaches, 
challenges and lessons learned. A DEQ 
representative will provide the regulatory 
perspective outline minimum program 
requirements. 

Dave Hirschman, 
CWP  

&  
Guest Speakers 

2:30 – 2:45 Break 

2:45 – 3:45 

Inspection Requirements for MS4 
Permits and the Bay TMDL 
An overview of urban BMP reporting, tracking and 
verification protocols for MS4 and TMDL 
compliance. Learn how to use your BMP 
maintenance program to maximize nutrient 
reduction credits. 

Tom Schueler, CSN 

3:45 – 4:30 

Inspection and Verification of 
Homeowner BMPs 
Inspection and maintenance of homeowner BMPs 
and methods to ensure their success toward 
meeting local and Bay restoration goals 

Tom Schueler & 
Cecilia Lane, CSN 

4:30 – 4:45 Evaluations & Adjourn 



Construction 
Inspection 

Project 
Acceptance 

Routine 
Maintenance 

Routine 
Inspection 

Performance 
Verification 

Ensure project built 
per design and any 
field changes are 

acceptable 

Ensure practice and 
landscaping are 
functional and 

acceptable 

Provide quality 
control on 

maintenance and 
alert owners to 
major problems 

Ensure BMP is 
properly maintained 

and functioning; 
Develop a punchlist 

of needed 
maintenance tasks 

Ensure BMP still 
exists and is 
providing the 

pollutant removal it 
was designed to 
achieve or if it 
requires major 

restoration 

PURPOSE 

AUDIENCE 

FREQUENCY 

SKILL 
LEVEL 

Local Stormwater 
Management Review 

Authority 

Local Stormwater 
Management Review 

Authority 
MS-4 Permit 

MS-4 Permit/ 
TMDL 

Owner 

1-2 times during 
construction 

Once 2-4 times a year 
Once every 
 1-5 years 

Once every 5-10 
years 

Engineer 
Engineer/ 
landscape 
architect 

Landscape 
Contractor 

Trained person Trained person 

Forensic BMP Investigation 
(FBI) 

 
 
 
 
 
 
 

Purpose: 
Audience: 

 Frequency: 
Skill Level: 

to diagnose why a BMP is not working and how to fix it 
BMP owner 
as needed 
engineer/project estimator 
 

BMP 
Inventory 

Add legacy 
BMPs into 
inventory 

Visual Inspection Framework 
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Table 8. A Typical Construction Sequence for a Bioretention Facility 
Step 1.  
Construction of the bioretention area may only 
begin after the entire Contributing Drainage Area 
(CDA) has been stabilized with vegetation.  
 
It may be necessary to block certain curb or other 
inlets while the bioretention area is being 
constructed. The proposed site should be checked 
for underground utilities prior to any excavation. 

 
Step 2.  
The designer and the installer should have a 
preconstruction meeting, checking the boundaries 
of the CDA and the actual inlet elevations to ensure 
they conform to original design. Since other 
contractors may be responsible for constructing 
portions of the site, it is quite common to find 
subtle differences in site grading, drainage and 
paving elevations that can produce hydraulically 
important differences for the proposed bioretention 
area. The designer should clearly communicate, in 
writing, any project changes determined during the 
preconstruction meeting to the installer and the 
plan review/inspection authority. 

 
Step 3.  
Temporary erosion and sediment controls are 
needed during construction to divert stormwater 
and sediments away from the bioretention area 
until it is completed.  
 
Special protection measures such as erosion control 
fabrics may be needed to protect vulnerable side 
slopes from erosion during the construction 
process. 
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Step 4.  
Any pre-treatment cells should be excavated first to 
trap sediments. 
 

 
Step 5.  
Excavators or backhoes should work from the sides 
to excavate the bioretention area to its appropriate 
design depth and dimensions. Excavating 
equipment should have scoops with adequate reach 
so they do not have to sit inside the footprint of the 
bioretention area.  
 
Contractors should use a cell construction approach 
in larger bioretention basins, whereby the basin is 
split into 500 to 1,000 sq. ft. temporary cells with a 
10-15 foot earth bridge in between, so that cells can 
be excavated from the side.  
Step 6. 
 It may be necessary to rip (loosen) the bottom soils 
to a depth of 6 to 12 inches to promote greater 
infiltration.  
 
 
 
 
 
(Photo credit: NCSU Stormwater Engineering 
Group) 
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Step 7.  
If using a filter fabric on the sides, place the fabric 
with a 6-inch overlap where the ends meet. If an 
underdrain stone storage layer will be used, place 
the specified depth of No.57 stone on the bottom, 
install the perforated underdrain pipe, and place 
No.57 stone to 3 inches above the underdrain pipe.   
 
On top of the No.57 stone, add 2 inches of choker 
stone (No.8 or No.89 stone) as specified and then 
construction sand to the specified depth (often 2 to 
4 inches) as a filter between the underdrain and the 
soil media layer. If no stone storage layer is used, 
start with 6 inches of No.57 stone on the bottom, 
and proceed with the layering as described above.  
Step 8.  
Deliver the soil media from an approved vendor, 
and store it on an adjacent impervious area or 
plastic sheeting. Apply the media in 12-inch lifts 
until the desired top elevation of the bioretention 
area is achieved. If heavy machinery is used, make 
sure the machinery works from the edges to avoid 
compacting any soils or side slopes. Filter media 
should be hydraulically compacted to avoid future 
settling. This process involves flooding the soil 
media after the initial installation to facilitate 
settling under natural operation conditions.  Wait a 
few days to check for settlement, and add additional 
media, as needed, to achieve the design elevation. 
Plantings and mulch will raise the elevation, so 
where necessary adjust the design elevation to 
compensate for the soil volume of new plants.  
Step 9.  
Prepare planting holes for any trees and shrubs, 
install the vegetation, and water accordingly. Install 
any temporary irrigation. 
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Step 10. 
Place the surface cover (double shredded mulch, 
river stone or turf), depending on the design. If coir 
or jute matting will be used in lieu of mulch, the 
matting will need to be installed prior to planting 
(Step 9), and holes or slits will have to be cut in the 
matting to install the plants.  Side slopes should be 
graded to a preferred maximum slope of 3:1 and 
capped with at least three inches of topsoil and 
appropriate much or matting.  

 
Step 11. 
Install the remaining plant materials as shown in 
the landscaping plan, and water them during weeks 
of no rain for the first two months. 
 

 
Step 12. 
If curb cuts or inlets are blocked during 
bioretention installation, unblock these after the 
drainage area and side slopes have good vegetative 
cover.  It is recommended that unblocking curb cuts 
and inlets take place after two to three storm events 
if the drainage area includes newly installed 
asphalt, since new asphalt tends to produce a lot of 
fines and grit during the first several storms.  

 
Step 13 
Conduct the final inspection, then log the GPS 
coordinates for each bioretention facility and 
submit them for entry into the local maintenance 
tracking database. 
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PERMEABLE PAVEMENT Construction Sequence & Inspection 
 

(From 2012 West Virginia Stormwater Management & Design Guidance Manual,  
with additions from Chris Sonne – Civil & Environmental Services, LLC) 

 
 
Chris Sonne Notes: To inform the design process, (1) evaluate the subgrade soil infiltration (using Turf 
Tec infiltrometer, or other method).  This can inform the decision to use or not use underdrains. (2) Use 
level infiltration cells for sloped pavement sections (even mild slopes) to enhance infiltration. 
 
Permeable Pavement Installation 
The following is a typical construction sequence to properly install Permeable Pavement, which may 
need to be modified depending on the specific variant of Permeable Pavement that is being installed. 
 
Step 1. Construction of the Permeable Pavement shall only begin after the entire CDA has been 
stabilized. The proposed site should be checked for existing utilities prior to any excavation. Do not 
install the system in rain or snow, and do not install frozen aggregate materials. 
 
Step 2. As noted above, temporary erosion and sediment controls are needed during installation to 
divert stormwater away from the Permeable Pavement area until it is completed. Special protection 
measures such as erosion control fabrics may be needed to protect vulnerable side slopes from erosion 
during the excavation process. The proposed Permeable Pavement area must be kept free from 
sediment during the entire construction process. Construction materials contaminated by sediments 
must be removed and replaced with clean materials. 
 
Step 3. Where possible, excavators or backhoes should work from the sides to excavate the reservoir 
layer to its appropriate design depth and dimensions. For small pavement applications, excavating 
equipment should have arms with adequate extension so they do not have to work inside the footprint 
of the Permeable Pavement area (to avoid compaction). Contractors can utilize a cell construction 
approach, whereby the proposed Permeable Pavement area is split into 500 to 1000 sq. ft. temporary 
cells with a 10 to 15 foot earth bridge in between, so cells can be excavated from the side. Excavated 
material should be placed away from the open excavation so as to not jeopardize the stability of the side 
walls. 
 
Step 4. The native soils along the bottom of the Permeable Pavement system should be scarified or 
tilled to a depth of 3 to 4 inches prior to the placement of stone. In large scale paving applications with 
weak soils, the soil subgrade may need to be compacted to 95% of the Standard Proctor Density to 
achieve the desired load-bearing capacity. (NOTE: This effectively eliminates the infiltration function of 
the installation, and it must be addressed during hydrologic design). 
 
Step 5. Filter fabric should be placed as required by the design. This is typically only on the sides of the 
reservoir layer. Filter fabric should never be placed below the reservoir stone layer. In some cases, an 
impermeable layer may be warranted. Impermeable liner material should be installed in accordance 
with the manufacturer’s instructions with regard to seams, overlap, sides, etc. 
 
Step 6. Provide a minimum of 2 inches of aggregate above and below the underdrains. The underdrains 
should slope down toward the outlet at a grade of 0.5% or steeper. The up-gradient end of underdrains 
in the reservoir layer should be capped. Where an underdrain pipe is connected to a structure, there 
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shall be no perforations within 1 foot of the structure. Ensure there are no perforations in clean-outs 
and observation wells within 1 foot of the surface. 
 
Step 7. Moisten and spread 6-inch lifts of the appropriate clean, washed stone aggregate (usually No. 2 
or No. 57 stone). Place at least 4 inches of additional aggregate above the underdrain, and then compact 
it using a vibratory roller in static mode until there is no visible movement of the aggregate. Do not 
crush the aggregate with the roller. 
 
Step 8. Install the desired depth of the bedding layer, depending on the type of pavement, as follows: 

• Pervious Concrete: No bedding layer is used. 
• Porous Asphalt: The bedding layer for Porous Asphalt pavement consists of 1 to 2 inches of clean, 
washed ASTM D448 No.57 stone. 
• Permeable Interlocking Concrete Pavers: The bedding layer for open-jointed pavement blocks 
should consist of 2 inches of washed ASTM D 448 No.8 stone. 

 
Step 9. Paving materials shall be installed in accordance with manufacturer or industry specifications for 
the particular type of pavement. 

• Installation of Porous Asphalt. The following has been excerpted from various documents, most 
notably Jackson (2007).  

o Install Porous Asphalt pavement similarly to regular asphalt pavement. The pavement 
should be laid in a single lift over the filter course. The laying temperature should be 
between 230oF and 260oF, with a minimum air temperature of 50oF, to ensure the surface 
does not stiffen before compaction. 

o Complete compaction of the surface course when the surface is cool enough to resist a 10-
ton roller. One or two passes of the roller are required for proper compaction. More rolling 
could cause a reduction in the porosity of the pavement. 

o The mixing plant must provide certification of the aggregate mix, abrasion loss factor, and 
asphalt content in the mix. Test the asphalt mix for its resistance to stripping by water using 
ASTM 1664. If the estimated coating area is not above 95%, additional anti-stripping agents 
must be added to the mix. 

o Transport the mix to the site in a clean vehicle with smooth dump beds sprayed with a non-
petroleum release agent. The mix shall be covered during transportation to control cooling. 

o Test the full permeability of the pavement surface by application of clean water at a rate of 
at least five gallons per minute over the entire surface. All water must infiltrate directly, 
without puddle formation or surface runoff. 

o Inspect the facility 18 to 30 hours after a significant rainfall (greater than 1/2 inch) or 
artificial flooding, to determine the facility is draining properly. 

• Installation of Pervious Concrete. The basic installation sequence for Pervious Concrete is outlined 
by the American Concrete Institute (2008). It is strongly recommended that concrete installers 
successfully complete a recognized Pervious Concrete installers training program, such as the 
Pervious Concrete Contractor Certification Program offered by the National Ready Mixed Concrete 
Association (NRMCA). The basic installation procedure is as follows: 

o Drive the concrete truck as close to the project site as possible. 
o Water the underlying aggregate (reservoir layer) before the concrete is placed, so the 

aggregate does not draw moisture from the freshly laid Pervious Concrete. 
o After the concrete is placed, approximately 3/8 to 1/2 inch is struck off, using a vibratory 

screed. This is to allow for compaction of the concrete pavement. 
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o Compact the pavement with a steel pipe roller. Care should be taken to ensure over-
compaction does not occur. 

o Cut joints for the concrete to a depth of 1/4 inch. 
o The curing process is very important for Pervious Concrete. Cover the pavement with plastic 

sheeting within 20 minutes of the strike-off, and keep it covered for at least seven (7) days. 
Do not allow traffic on the pavement during this time period. 

o Remove the plastic sheeting only after the proper curing time. Inspect the facility 18 to 30 
hours after a significant rainfall (greater than 1/2 inch) or artificial flooding, to determine if 
the facility is draining properly. 

• Installation of Interlocking Pavers. The basic installation process is described in greater detail by 
Smith (Smith 2011). Permeable paver job foremen should successfully complete the PICP Installer 
Technician Course training program offered by the Interlocking Concrete Pavement Institute. The 
following installation method also applies to clay paving units. Contact manufacturers of composite 
units for installation specifications. 

o Moisten, place and level the No. 2 stone subbase and compact it in minimum 12 inch thick 
lifts with four passes of a 10-ton steel drum static roller until there is no visible movement. 
The first two passes are in vibratory mode with the final two passes in static mode. The filter 
aggregate should be moist to facilitate movement into the reservoir course. 

o Place edge restraints before the base layer, bedding and pavers are installed. Permeable 
interlocking pavement systems require edge restraints to prevent vehicle loads from moving 
the pavers. Edge restraints may be standard concrete curbs or curb and gutters. 

o Moisten, place and level the No. 57 base stone in a single lift (4 inches thick). Compact it 
into the reservoir course beneath with at least four (4) passes of a 10-ton steel drum static 
roller until there is no visible movement. The first two passes are in vibratory mode, with 
the final two passes in static mode. 

o Place and screed the bedding course material (typically No. 8 stone, 2 inches thick). 
o Pavers may be placed by hand or with mechanical installers. 
o Fill gaps at the edge of the paved areas with cut pavers or edge units. When cut pavers are 

needed, cut the pavers with a paver splitter or masonry saw. Cut pavers no smaller than 
one-third (1/3) of the full unit size if subject to tires. 

o Fill the joints and openings with stone. Joint openings must be filled with No. 8, 89 or 9 
stone per the paver manufacturer’s recommendation. Sweep and remove excess stones 
from the paver surface. 

o Compact and seat the pavers into the bedding course with a minimum low-amplitude 5,000 
lbf, 75- to 95 Hz plate compactor. Do not compact within 6 feet of the unrestrained edges of 
the pavers. 

o Thoroughly sweep the surface after construction to remove all excess aggregate. 
o Inspect the area for settlement. Any paving units that settle must be reset and inspected. 
o The contractor should return to the site within 6 months to top up the paver joints with 

stones. 
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Construction Inspection 
Inspections before, during and after construction are needed to ensure Permeable Pavement is built in 
accordance with these specifications. Use detailed inspection checklists that require sign-offs by 
qualified individuals at critical stages of construction, to ensure the contractor’s interpretation of the 
plan is consistent with the designer’s intent.  
 
Some common pitfalls can be avoided by careful construction supervision that focuses on the following 
key aspects of Permeable Pavement installation: 

• Store materials in a protected area to keep them free from mud, dirt, and other foreign materials. 
• The CDA should be stabilized prior to directing water to the Permeable Pavement area. 
• Check the aggregate material to confirm it is clean and washed, meets specifications and is 
installed to the correct depth. 

Chris Sonne Note:  Inspector or contractor can check cleanliness of gravel prior to placement by 
running hose on the gravel.  (But ensure silt does not get into any BMPs!)   

• Check elevations (e.g., the invert of the underdrain, inverts for the inflow and outflow points, etc.) 
and the surface slope. 
• Make sure the Permeable Pavement surface is even, runoff evenly spreads across it, and the 
storage bed drains within 48 hours. 
• Ensure caps are placed on the upstream (but not the downstream) ends of the underdrains. 
• Inspect the pretreatment structures (if applicable) to make sure they are properly installed and 
working effectively. 
• Once the final construction inspection has been completed, log the GPS coordinates for each 
facility and submit them for entry into the local BMP maintenance tracking database.  
 

It may be advisable to divert the runoff from the first few runoff-producing storms away from larger 
Permeable Pavement applications, particularly when up-gradient conventional asphalt areas drain to the 
Permeable Pavement. This can help reduce the input of fine particles often produced shortly after 
conventional asphalt is laid down. 



Maintenance Triggers for Bioretention Practices 
 
# INDICATOR PASS  MINOR MODERATE SEVERE 
1 Inlet 

Obstruction 

Free of 
sediment/ 
debris 

Less than 1” of 
sediment 
potentially 
blocking inlet 

1-3” of sediment 
blocking the inlet 

3 or more inches of 
blockage preventing 
most storms from 
getting into the 
bioretention area 

2 Erosion at Inlet No evidence 
of erosion at 
inlet. 

3”– 6” of gully 
erosion  

6”– 12” of gully 
erosion 

More than 1’ of gully 
erosion 

3 Pretreatment Free and 
clear of 
sediment or 
debris 

Pretreatment 
capacity is 
within 10% of 
design 

As much as 50% 
pretreatment 
capacity has been 
lost or no 
pretreatment 
provided 

Loss of pretreatment 
capacity (or absence 
of pretreatment) is 
compromising facility 

4 Structural 
Integrity, Safety 
Features 

Surrounding 
curbs and 
pavement in 
good 
condition 

A few cracks or 
isolated 
deterioration 
but does not 
impair facility 
or 
infrastructure 
function 

Moderate  flaws in 
structural integrity 
that are resulting in 
the facility not 
functioning properly 

Curbs or pavement 
are damaged and 
impairing function. 

5 Surface Area Surface area 
matches 
design  

Surface area 5-
10% different 
from design 

Surface area 10-25% 
different from 
design 

Surface area >25% 
different from design 

6 Side slope 
Erosion 

No evidence 
of side slope 
erosion. 

Isolated rill 
erosion, less 
than 1” 

Gully erosion of 3” 
or less at several 
points on the slope 

Gully erosion greater 
than 3” at any point 

7 Ponding  
Volume 

Runoff fully 
utilizes 
entire 
ponding 
depth across 
the facility 

Effective 
ponding 
volume within 
10% of original 
design 
assumption 

Effective ponding 
volume is 25% less 
than design 
assumption 

Effective ponding 
volume is >50% less 
than design 
assumption 

8 Bed Sinking Bed is even 
with no 
depressions 

3-6” of 
localized bed 
sinking and/ or 
sediments 
observed in 
underdrain 

6”-12” of localized 
bed sinking and/ or 
sediments observed 
in underdrain 

>12” of localized bed 
sinking and/ or 
sediments observed 
in underdrain  

9 Sediment 
Caking 

No evidence 
of sediment 
or caking on 
the 
bioretention 
bed 

<1” of 
sedimentation 
or caking 
occurring 
within the 
facility 

1-2” of sediment 
deposition occurring 
within the facility 

More than two inches 
of deposition in the 
facility  

10 Standing Water No evidence 
of standing 
water 

Saturated soils 
or evidence of 
obligate 
wetland plant 
species 

1-3” of standing 
water after 48 hrs  

>3” of standing water 
after 48 hrs  



11 Ponding Depth Ponding 
depth 
matches 
design 

Less than 10% 
departure from 
design ponding 
depth of X 
inches (i.e., 12”) 

Plus or minus 4” 
departure from 
design ponding 
depth 

More than 25% 
departure from 
design  

12 Mulch Depth/ 
Condition 

2-3” of 
mulch and 
more than 
75% 
vegetative 
cover 

1” or less of 
mulch or 65% 
ground cover 

4-5” of mulch or no 
mulch and less than 
50% vegetative cover 

More than 6” of 
mulch or no mulch 
and < 35%  vegetative 
cover 

13 Trash Free of trash Little trash Significant amount 
of trash 

Requires more than 
three major cleanouts 
a year 

14 Bed Erosion Bed is flat 
and even 

3-6” of rill 
erosion  

6”-12” of gully 
erosion 

>12” of gully erosion 

15 Vegetative 
Cover  

Good 
vegetative 
cover, > 75% 

Isolated bare 
spots (< 65% 
vegetative 
cover) 

< 50% vegetative 
cover 

< 35% vegetative 
cover 

16 Vegetative 
Condition 

Plants alive 
and in good 
condition 

Considerable 
weeding 
needed 

Some plants are 
dead or diseased or 
some invasive 
plants. 

Significant plant 
mortality and/or 
takeover by invasive 
species. The 
objectives of the 
original planting plan 
are no longer being 
met.  

17 Vegetative 
Maintenance 

Vegetation is 
being 
maintained 
per its 
landscaping 
objective 

Bioretention is 
getting a bit 
bushy, needs 
some weeding 
or thinning.  

Too bushy, needs 
harvest of trees, 
shrubs, or 
herbaceous material 
to meet its 
landscaping 
objectives. 

Needs major 
tree/shrub removal 

18 Outlets, 
Underdrains, 
Overflows 

Outflow 
device is free 
of sediment 
and debris 

Nominal loss of 
pipe capacity 

Significant loss of 
pipe capacity 

Outflow device is 
completely clogged 
with sediment or 
debris 

 



Defining Numeric Triggers to Classify Permeable Pavement Maintenance 
Condition 

 
# INDICATOR PASS MINOR MODERATE SEVERE 
1 CDA Run-on No CDA, 

or CDA in 
good 
condition 

CDA, has some 
isolated spots 
that generate 
sediment, grit 
or fines 

CDA in fair to poor 
condition, and 
appears to have a 
risk for sediment, 
grass clipping or 
mulch delivery or 
grit/fines from 
upgradient non-
permeable pavement 

Exposed soils, 
erosion or stored 
materials in CDA are 
clearly delivering 
sediment to 
pavement 

2 Pavement Areas Matches 
design 

Within 5% of 
design area 

Departs by up to 
10% of design area  

Departs by more than 
10% of design area 

3 Pavement 
Sinking 

Surface is 
flat 
 

A few 
depressions, 
less than an 
inch deep  

Localized 
depressions are up 
to three inches deep 

Widespread sinking 
or localized 
depressions more 
than 6 inches deep 

4 Surface or Void 
clogging 

Surface is 
clean and 
voids are 
particle 
free 

Enough 
particles are 
present to 
warrant 
increased 
vacuuming 

Significant sediment 
accumulation on 
surface and or in 
pavement void 
spaces 

Sediment particles 
prevent flow through 
pavement, or 
vegetative growth 
observed 

5 Standing Water None Isolated surface 
moisture 

Ponding  on up to 
10% of surface 

Ponding on more 
than 10% of surface 

6 Surface Staining No 
Staining 

Isolated water 
stains 

Stains on up to 10%  
of surface 

Stains  on more than 
10% of surface 

7 Surface 
Deterioration  

Good 
Condition 
 

Deterioration 
of less than 5% 
of surface, 
cracks less than 
half inch  

Problems found on 
less than 10% of 
surface, cracks 
deeper than ½ in 

Problems found on 
more than 10% of 
surface. Major 
cracking/separation 

8 Flow Test  
Not 
needed 
 

Flow-thru 
occurs within 
test period 

Testing of all high 
risk areas  
(VI 2 to 7) 

Flow-thru does not 
occur within test 
period 

9 Overflow  
Condition 

Good 
 
 

Minor 
problems 

Partially obstructed Totally obstructed 

10 Underdrain/ 
Observation 
Well   

Clean 
 
 

Minor deposits, 
no dry weather 
flow 

Dry weather flow 
and/or 
sediment/gravel 
accumulation 

Evidence that stone 
reservoir is not 
draining or is 
obstructed 

11 Structural 
Integrity 

Good 
 
 

Some water 
entry where it 
is not desired 

Early signs of failure Failure 

12 Parking 
Management 
Practice 

No Risk Minor Risk for 
Clogging 

Strong Risk of 
Clogging 

Practices causing 
failure 

Note: based on the numerical trigger, specific maintenance tasks or forensic investigations 
would be recommended (for minor, moderate and severe problems). 

 





Maintenance Triggers for Infiltration Practices 
 

# INDICATOR PASS  MINOR MODERATE SEVERE 
1 Surface Area 

 
Matches 
design 

Within 5% of 
design area 

Departs by up to 10% 
of design area 

Departs by more 
than 10% of design 
area 

2 CDA Condition 
 

CDA in 
good 
condition 

CDA has some 
isolated spots 
that generate 
sediment 

CDA in fair to poor 
condition, and has a 
risk for sediment, 
grass clipping or much 
delivery 

Exposed soils or 
erosion in CDA is 
clearly delivering 
sediment to 
practice 

3 Surface Sinking Flat and 
at grade 

A few 
depressions, less 
than 3 inches 
deep 

Sinking of up to 6 
inches from grade 

Widespread sinking  
more than 6 inches 
deep 

4 Sediment/ 
Plant Growth  

No 
deposits 
or plant 
growth 

Minor deposits of 
particles on 
surface 

Sediment and organics 
found to a depth of 6 
inches in practice 

Sediment particles 
prevent flow into or 
distribution across 
practice and 
vegetative growth 
observed 

5 Standing Water 
  

None Some moisture in 
first foot 

Ponding  on up to 10% 
of surface 6 hours 
after storm 

Ponding  on up to 
10% of surface 12 
hours after storm 

6 Surface Staining None Isolated minor 
stains 

Stains on up to 10%  
surface 

Stains on more 
than 10% of surface 

7 Observation Well 
(OW) 
Measurement 

No water 
present 
in OW 

Less than 3 
inches of water in 
well 72 hours 
after storm 

Up to a foot of water in 
OW 72 hours after 
storm 

More than a foot of 
water in well 72 
hours after a storm 

8 Observation Well 
& Cap 

Intact, 
clean and 
dry 

Minor deposits of 
sediment or 
gravel (< 3 in) 

3 to 6 inches of 
sediment or gravel in 
the well 

OW is broken, 
missing, obstructed 
or not accessible 

9 Pretreatment 
Condition 
 

Good Minor sediment 
accumulation to 
remove.  

More than 50%  of 
pretreatment capacity 
lost, need cleanout or 
renovation 

Pretreatment is 
missing, or no 
longer functioning 
to trap sediment 

10 Inlet Obstruction 
 

None, all 
runoff 
enters 
filter 

Future risk of 
bypass 

Evidence that some 
portion of runoff is 
bypassing practice 

Most runoff cannot 
enter  the 
infiltration practice 

11 Underdrain 
 

Good Minor deposits, 
no dry weather 
flow 

Dry weather flow 
and/or 
sediment/gravel 
accumulation 

Evidence that stone 
reservoir is not 
draining or is 
obstructed 

12 Overflow 
Condition 

Good Minor problems Partially obstructed Totally obstructed 

 



 

Tour Guide – 9
th

 Street Bioretention Planters 

A series of six curbside bioretention planters were constructed along 9th Street, to the west of 
the Capitol grounds.  These were installed in place of half the width of the existing 13’ wide 
concrete sidewalk.  In addition to native grasses and shrubs, these planters also incorporate 
native deciduous shade trees that complement the existing mature street trees located along 
this block. 
 
The planter design takes into account the steep slope of 9th Street (6.5%).  In order to capture 
and infiltrate runoff, special drainage inlet grates are utilized and the flow though the planters is 
controlled by a series of weirs (constructed from the granite curbs that were removed). The flat 
grade of the bottom of these planters encourages maximum infiltration.  The combined annual 
runoff reduction from these walkways is approximately 200,000 gallons. 

More Information: 
Chris Sonne, PE, Project Designer 
Civil & Environmental Services, LLC 
(434) 361-1443  chris@sustainable-sites.com 
www.sustanable-sites.com 

Design Information: 
 

 4’ Wide Planters 

 Lengths Vary; 25’ – 77’ 

 Flat Subgrade 

 No Underdrain Piping 

 Drainage Area is 
Approximately 51,000 SF 



 

Tour Guide – Bus Loop Bioretention Planters 

A series of seven curbside bioretention planters were constructed along the Bus Loop (old 
Capitol Street) to the north of the Capitol grounds.  These planters are constructed in two 
groups.  The planters in each group operate in series to capture stormwater runoff from the 
adjacent walkways and pavement  
 
In order to take advantage of the excellent infiltration capacities of the underlying soils, 33,000 
gallons of sump storage is installed under the planters.  The design of these planters captures 
runoff from the gutters until the planter is full (~ 6”-9” deep).  Beyond this point, gutter flow will 
bypass the full planter and continue to the next planter.   A strip of high-flow infiltration pavers at 
the end of each planter increases the overall stormwater capture and infiltration.  The combined 
annual runoff reduction from these walkways is approximately 750,000 gallons. 

More Information: 
Chris Sonne, PE, Project Designer 
Civil & Environmental Services, LLC 
(434) 361-1443  chris@sustainable-sites.com 
www.sustanable-sites.com 

Design Information: 
 

 Planter Area: 22’-6”x 3’  

 48” Stone Drainage Layer 

 33,000 gal. Modular Plastic 
Storage  

 6” Underdrain (40” from 
bottom of excavation) 

 Drainage Area is 
Approximately 56,000 SF 



 

Tour Guide – Permeable Paver Walkways 

Two permeable paver walkways were constructed as part of this project.  These include the 
central walkway up to the George Washington statue (which was previously a conventional brick 
walkway with surface drains), and a new curved brick walkway from the top of the central 
walkway toward the statue of Edgar Allen Poe. 
 
Due to the excellent infiltration capabilities of the underlying soils, no underdrain piping was 
required for either of these walkways.  In order to capture and infiltrate the infiltrated stormwater 
runoff on the existing slopes, subgrade surfaces are flat, and internal baffles are used to trap 
and infiltrate stormwater along the entire length of each walkway.   The combined annual runoff 
reduction from these walkways is approximately 300,000 gallons. 

More Information: 
Chris Sonne, PE, Project Designer 
Civil & Environmental Services, LLC 
(434) 361-1443  chris@sustainable-sites.com 
www.sustanable-sites.com 

Design Information: 
 
Central Walkway 

 Dimensions: 220’x 18’-6”  

 20” Stone Drainage Layer 

 Permeable Clay Pavers 

 No Underdrain 

 Drainage Area is 
Approximately 4,600 SF 

 
 
New Walkway 

 Dimensions: 180’x 8’ 

 Stone Drainage Layer 
varies (15” – 21”) 

 Permeable Clay Pavers 

 No Underdrain  

 Concrete Baffles Control 
Infiltration 

 Drainage Area is 
Approximately 6,400 SF 



 

Tour Guide – Bell Tower Rain Gardens 

The three rain gardens located near the historic Bell Tower serve several purposes.  In addition 
to managing stormwater runoff from adjacent brick walkways and the roof surfaces, they also 
reduce the soil compaction and turf damage previously caused by heavy foot traffic. 
 
The two rain gardens closest to the Bell Tower are provided with underdrain piping, which 
discharges into the rainwater harvesting system by the fountain.  The rain garden closest to 
Bank St. did not require an underdrain system.  Annual runoff reduction from these features is 
approximately 20,000 gallons annually. 

More Information: 
Chris Sonne, PE, Project Designer 
Civil & Environmental Services, LLC 
(434) 361-1443  chris@sustainable-sites.com 
www.sustanable-sites.com 

Design Information: 
 
Rain Gardens 1 & 2 

 24” Bioretention Media 

 17” Stone Drainage Layer 

 8” Dia. Underdrain/Overflow 

 Combined Drainage Area is 
Approximately 16,000 SF 

 
Note – an existing spring (~1 
gpm) flows into Rain Garden 1. 
 
Rain Garden 3 

 24” Bioretention Media 

 15” Stone Drainage Layer 

 No Underdrain  

 Surface Overflow (no piping) 

 Drainage Area is 
Approximately 2,000 SF 



Programmatic/Regulatory Drivers for Local/MS4 Inspections & Maintenance 

Program Relevant Documents Summary of Provisions 

Bay TMDL 
Updates, 
Reporting 
from Local 
Gov’t to State 
& Bay 
Program 

Final Recommended Principles & Protocols for 
Urban Stormwater BMP Verification, Urban 
Stormwater Workgroup, November 7, 2012 
 
Recommendations of the Expert Panel to Define 
Removal Rates for New State Stormwater 
Performance Standards, Section 7, Accountability 
Procedures, October 9, 2012 
 
Both at: http://chesapeakestormwater.net/bay-
stormwater/baywide-stormwater-policy/urban-
stormwater-workgroup/ 
 

General protocols to verify that BMPs 
still exist and are in a condition sufficient 
to support pollutant reductions. 
 
Inspections based on visual indicators as 
part of overall local inspection program.  
Performance verification for pollutant 
reductions to take place once per every 2 
MS4 permits (9 – 10 years) 

Virginia MS4 
Permits, 
MM5 – Post-
Construction 
(for Phase IIs) 

MS4 General Permit or Individual Permits 
 
http://www.deq.virginia.gov/Programs/Water/St
ormwaterManagement/VSMPPermits/MS4Permit
s.aspx 
 

Inspection schedule & maintenance 
agreement 
 
Inspections every 5 years for private 
facilities & annually for public facilities 
(or alternative schedule in program plan) 
 
Written inspection policies & procedures 
 
Facility tracking & reporting (9 required 
elements, including BMP drainage areas 
broken into impervious and pervious) 
 
 

Virginia 
Stormwater 
Regulations, 
VSMP 
Authority 

Part III 
 
http://www.deq.virginia.gov/Programs/Water/St
ormwaterManagement/VSMPPermits/LocalVSMP
ProgramDevelopment.aspx 
 

Maintenance agreements 
 
Inspections every 5 years 
 
Compliance procedures 

Retrofit of 
Existing 
Facilities 

Recommendations of the Expert Panel to Define 
Removal Rates for Urban Stormwater Retrofit 
Projects, October 9, 2012 
 
http://chesapeakestormwater.net/bay-
stormwater/baywide-stormwater-policy/urban-
stormwater-workgroup/ 
 

Performance curves for retrofits based 
on storage and runoff 
reduction/pollutant removal. 
 
Categorizes retrofits as new, conversion, 
enhancement, restoration. 
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http://chesapeakestormwater.net/bay-stormwater/baywide-stormwater-policy/urban-stormwater-workgroup/
http://chesapeakestormwater.net/bay-stormwater/baywide-stormwater-policy/urban-stormwater-workgroup/


 

BMP Inventory – Asset Management Checklist (IDEALLY) 

Inventory Item 
NOTE: items in bold below 
are required in MS4 GP 

Notes 

BMP Type: Nomenclature  Virginia RR Method/Clearinghouse vs. Bay Program 

 Older practices: still in ESC configuration? 

 See pending DEQ guidance  
Active Date  Distinguish Pre-2009 vs. Post 

 If unknown, use June 2005 (and note this) 

Drainage Area  Pervious 

 Impervious 

 Other (forest, open space, unmanaged) 
Location  Address, Lat/Lon, and/or 

 HUC-6  
TMDL Impaired segments within each HUC to which BMP discharges  

Ownership  Public, private 

 Responsible party contact info (may not exist) 

Maintenance Agreement  Yes or No 

 Recorded? 

Inspections  Most recent and # 
Plan  Original plan and/or as-built available? 

 File #, date, etc. 
Easements  Yes or No 

 If Yes, practice appears to be within easement? 

 Access easement? 
Performance Bond  Yes or No 

 If Yes, released? 
Sizing/Capacity  Cubic feet treated (for basins, up to detention orifice) 

Condition  Immediate safety concerns (e.g., drops, spillways) 

 Structural 

 Capacity/Sedimentation 

 Vegetation 

 Nuisance conditions (e.g., standing water, trash dump) 

 Performance Issues: by-passing, short-circuiting, clogging, capacity 
filled, etc. – possible performance discount for retrofitting (see DEQ 
TMDL Action Plan Guidance) 

 Specific actions needed to restore good working condition 
Retrofit Potential  Enhancement 

 Conversion 

 Restoration 

Photos  Document conditions 
  

  

 


	1.0 MSP LID Maintenance Agenda_revisedFINAL
	1.2 Visual Indicators Framework
	1.3 BIORETENTION Construction Sequence
	1.35 PERMEABLE PAVEMENT Construction Sequence
	1.25 FieldCheatSheets
	BioretentionCheatSheet
	PermeablePavementCheatSheet
	InfiltrationCheatSheet
	Blank Page
	Blank Page
	Blank Page

	Tour Guide - 9th Street Planters
	Tour Guide - Bus Loop Planters
	Tour Guide - Permeable Pavers
	Tour Guide - Rain Gardens
	2.0 Local Programmatic Drivers_BMP Inventory

