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Maintenance of Stormwater BMPs: Frequency, Effort and Cost
By Joo-Hyon Kang, Peter T. Weiss, C. Bruce Wilson and John S. Gulliver

While there are many resources available to aid in the design and construction of most structural
stormwater Best Management Practices (BMPs), there are few guides pertaining to their
operation and maintenance. Historically, it seems as though “build-em” and walk has been
common-place. However, increasing focus upon mass balances, numeric goal setting and Total
Maximum Daily Loads (TMDLs), now requires that much more emphasis be placed upon BMP
operation and maintenance for permitting and reporting requirements (e.g. the National Pollution
Discharge Elimination Systems (NPDES) Municipal Separate Storm Sewer System (MS4)
permit program and specifically as a part of municipal Stormwater Pollution Prevention
Programs (SWPPP) reporting.)

Typically we think of structural stormwater BMP operation for optimizing (1) removal of
pollutants and (2) reduction of runoff volumes/rates via the management of stormwater networks
or treatment trains. BMP maintenance is the purposeful management of a BMP so as to
maintain a desired level of performance and efficiency and consists of short-term (routine or
more frequent), long-term (non-routine or less frequent), and major (rare) actions (Figure 1).

Major:
Rehabilitation
or rebuild

Non-routine:
Cleanout trash & solids, structural
repairs, partial rehabilitation

Routine:
Visual assessment, mowing, litter & debris removal,
vegetation management

Figure 1. Stormwater BMP Operation & Maintenance Pyramid.

Stormwater BMPs have a life cycle from their creation (design and construction) through
operative stages (functional or not) that is largely dictated by operation and maintenance actions.
As maintenance involves a significant amount of resources (personnel, equipment, materials,
sediment disposal expense, etc.), the more we learn about BMP operation, the more likely we are



Stormwater, 9(8), pp. 18-28, November/December 2008

to maintain optimal performance as well as improve cost-efficiencies. The purpose of this article
is to advance short and long-term maintenance considerations so as to develop more realistic O
& M plans. To do so, we have used a combination of a national literature search for maintenance
costs coupled with a detailed municipal public works survey.

Minnesota BMP Maintenance Survey

This statewide survey of Minnesota Municipal Public Works managers to define maintenance
needs and guidelines, was conducted by the University of Minnesota through work funded by the
Minnesota Pollution Control Agency. Previously, the University of Minnesota produced the
manual, “Assessment and Maintenance of Stormwater Best Management Practices” that includes
source reduction and four levels of assessment (from visual to state-of-the-art monitoring).
http://www.pca.state.mn.us/water/stormwater/stormwater-research.html  or
http://wrc.umn.edu/outreach/stormwater/bmpassessment/index.html can be accessed for a copy
of the manual.

The specific goals of the survey were to identify and inventory stormwater BMP maintenance in
Minnesota. Survey questionnaires focusing on the following questions were sent to 106 cities
and 27 responses were received:

How many BMPs are in your watershed?

How often are your BMPs inspected?

What is the average staff-hours spent per routine inspection/maintenance?

How complex is the maintenance of your BMPs?

Which factors most frequently cause the performance deterioration of your BMPs?
What are the costs for non-routine maintenance activities

We attempted to make the survey as simple as possible, requesting information for typical
response ranges of common BMPs. While the number of respondents was relatively low, we
believe that the results will help refine operation and maintenance needs.

Inspection Frequency and Staff-hours

The required frequency of stormwater BMP maintenance actions and the associated required
staff-hours are two key parameters that are necessary to reasonably budget and schedule
inspection and maintenance. Frequency and staff-hours will vary due to BMP design, climate
conditions, accessibility to the BMP, and maintenance strategies of the BMP operators. As part
of the survey, cities were asked to provide information regarding their frequency of routine
maintenance actions for various kinds of BMPs.

As shown in Figure 2, the majority (84%) of cities conduct routine maintenance actions once a
year or less. Inspection frequency varies significantly due to BMP accessibility and use of
proactive or reactive response strategies. ”We are working on and around the site every business
day, and so inspections happen informally every day,” said Julie Vigness-Pint, BMP grant
coordinator at Ramsey-Washington Metro Watershed District, MN. A more typical response
strategy was voiced by Jim Hafner, the stormwater manager for the City of Blaine, MN who
stated “Our city has not had a proactive program for BMP maintenance. It has generally
occurred when problems have popped up.” These differences in maintenance strategies and the
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execution of maintenance plans have undoubtedly led to a wide variation in the type and
frequency of maintenance actions.

The required maintenance staff-hours depend on the size of the BMP, design configurations, the
maintenance strategy, and the complexity of the maintenance action. Figure 3 shows staff-hours
spent on routine maintenance actions. Note that values range from 1 to 4 hours, except for
wetlands and rain gardens which typically require more dedicated levels of effort. Staff hours

for wetlands and rain gardens were noted to vary more widely according to the intensity of
maintenance effort.
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Figure 2. Frequency of routine maintenance actions for various BMPs
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Figure 3. Staff-hours spent on routine maintenance actions in Minnesota.

Maintenance Complexity

To assess maintenance complexity, a scale from 1 to 4 was used with 1 being minimal
complexity (i.e. stormwater professional or consultant is seldom needed) and 4 being most
complex (i.e. stormwater professional or consultant is always needed). The complexity of
maintenance that BMP operators actually experience depends on the intensity of maintenance
efforts, the desired performance level of the BMP, and the maintenance crew’s training,
experience and skills. For most BMP categories, as shown in Table 1, a majority of the responses
indicated that maintenance was minimal or simple. For wetlands and porous pavements, however,
approximately 50% of the responses indicated that maintenance efforts were moderate or
complicated.

Table 1. Survey on maintenance complexity for different stormwater BMPs in Minnesota

Maintenance Complexity*
BMP Category Minimal Simple Moderate Complicated

Wet ponds 55% 32% 5% 9%

Dry ponds 65% 30% 0% 5%
Constructed Wetlands 40% 13% 40% 7%
Surface Sand/Soil filters 63% 0% 25% 13%
Infiltration Basins/Trenches 33% 40% 13% 13%
Bioretention Practices 38% 31% 13% 19%
Porous pavements 42% 8% 42% 8%
Filter strips/swales 62% 31% 0% 8%
Underground Sed. devices 40% 33% 7% 20%
Underground Filt. Devices 50% 20% 10% 20%

* Minimal - stormwater professional or consultant is seldom needed; Simple - stormwater
professional or consultant is occasionally needed; Moderate-stormwater professional or
consultant is needed about half the time for maintenance; Complicated - stormwater professional
or consultant is always needed
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Respondents were also prompted from a defined list of possible items on the factors that most
frequently caused deterioration in the performance of their BMPs. Litter & debris accumulation
and sediment buildup were identified most frequently (Figure 4). Pipe clogging was listed
frequently for wet ponds, dry ponds, and wetlands while invasive vegetation was a specific
concern for constructed wetlands and rain gardens. For infiltration basins and trenches, high
ground water levels were identified more frequently than all other issues except for sediment
buildup and litter & debris.
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Figure 4. Number of respondents who indicated the factors listed most frequently caused
deterioration of BMP performance.

Maintenance Costs

The cost of maintenance actions may vary significantly based on location and the maintenance
strategy (proactive vs. reactive) implemented. Both the size and design of a stormwater BMP
influence the required maintenance frequency and associated costs. However, due to the
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difficulty in collecting detailed as-built configurations of BMP facilities, size and design were
not considered in this survey. Based on survey results, removal of accumulated sediment
incurred the largest cost for all BMP categories. For sedimentation practices such as wet ponds,
dry ponds, and underground sedimentation devices, inlet and outlet structure maintenance was
the second largest cost.

Figures 5 and 6 provide the cost of maintenance as a function of the time interval between
maintenance actions for sediment removal and inlet/outlet structural maintenance in wet ponds
and dry ponds, respectively. The scatter in the data is likely because the data originated from
BMPs of varying sizes and designs. Despite the scatter, it appears that any trend line for
sediment removal in wet ponds would have a negative intercept, which would mean that there is
an overall cost advantage in more frequent dredging of ponds. Ideally, the maintenance interval
should be optimized to minimize overall life-cycle maintenance costs without losing the desired
BMP performance. In order to accomplish this, frequent inspection is needed so that potential
problems are addressed before the BMP performance deteriorates to unacceptable levels. For
example, since sediment buildup occurs frequently (Figure 4) and has a large per event cost to
remove (Figure 5), obtaining accurate estimates of sediment buildup is necessary if budgets and
maintenance plans are to be optimally developed. The next section addresses this aspect of
sediment management in wet ponds.
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Figure 5. Cost vs. interval of two non-routine maintenance actions for wet ponds (cost is per
event).
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Figure 6. Cost vs. interval of two non-routine maintenance actions for dry ponds (cost is per
event).

Sediment Management in Wet Ponds

We will focus on wet ponds, the most widely used stormwater BMP in Minnesota. As discussed
earlier, sediment buildup frequently causes deterioration of BMP performance and sediment
removal has the largest per event maintenance cost. Therefore, in order to predict the frequency
and cost of sediment removal, it is important to accurately estimate sediment buildup rates.

A wet pond typically operates as a continuous-flow sedimentation tank during a storm event,
using settling to remove solids. As with sedimentation tanks, the hydraulic loading (i.e. flow
divided by surface area) is an important parameter in determining wet pond pollutant removal
efficiency. Storage capacity is another key component as declining storage capacity can also
reduce the hydraulic residence time and hence decrease removal efficiency (Hafner and Panzer
2005) and subject accumulated sediments to washout and downstream transport. Finally,
pollutants, such as phosphorus, can be chemically released from the sediment under anaerobic
conditions. Therefore, accumulated sediment should be removed before it significantly degrades
the performance of the BMP. One guideline has recommended that sediment be excavated when
25% of the permanent pool volume has been lost (Haubner et al., 2001). By following a
predetermined maintenance schedule, sediment depth can be monitored to determine when
excavation is required. As an alternative approach, although not as site-specific, sediment
buildup can be estimated using the methodology defined in the appendix.

Overall O&M Cost Estimation

Since actual O&M cost data was insufficient, publications from across the United States that
contained cost estimates of typical maintenance schedules for common stormwater BMP
categories were evaluated. Cost estimates of life-cycle maintenance expenses were developed for
dry ponds, wet ponds, constructed wetlands, bio-infiltration filters (rain gardens), sand filters,
and grassed/vegetative swales. All costs were adjusted by means of a ‘Regional Cost Adjustment
Factors’ (USEPA, 1999) to reflect 2005 costs in Minnesota.
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Life-Cycle Maintenance

The U.S. Environmental Protection Agency (USEPA, 1999) published annual stormwater BMP
O&M costs, as a percentage of total construction cost ranging from less than 1% for dry ponds to
a maximum of 20% for infiltration trenches. The more recent analyses (Landphair, et al., 2000;
Wossink and Hunt, 2003) have expanded this range. We assembled cost estimates from the
literature to create Figures 7a through 7f (Weiss et al., 2005) which are plotted on a log-log scale
and contain the equation for the best fit line. Using known total construction costs, the annual
budget for selected stormwater BMP maintenance can be estimated using the equation for the
best-fit line (dashed lines) with 67% confidence intervals (solid lines).

Operation and maintenance costs are a substantial portion of life-cycle stormwater BMP costs.
Figure 7 indicates that annual predicted O&M costs are on the order of 10% of total construction
costs for a stormwater BMP that costs $10,000 (2005 year), and on the order of 5% for a
stormwater BMP that costs $100,000 (2005 year). This means that the O&M costs of the
stormwater BMP will roughly equal the construction cost (in constant dollars) after 10 years and
20 years, respectively. We can also see that the trend of predicted annual O&M cost, as a
percentage of the construction cost, decreases with increasing total construction cost for all
BMPs. The trend is slight for sand filters (Figure 7¢) but, as shown in Figure 7, an economy of
scale exists for O&M costs. That is, more expensive (and presumably larger) BMPs require a
smaller fraction of the original construction cost for annual operation and maintenance.



Stormwater, 9(8), pp. 18-28, November/December 2008

10 pan 1T I = i R
1 h) Hrd
@ 7 _ -0.3266 - 7 _ -0.3623 [l
2 y=92.315x 0| s y = 230.9x
: 2 Ll e 2
5 R =0.9324 i i R =0.6196
2 o H+
=z =
: s 10 <
3 ~
8 T 4 M ~
: N g N .
S 2 S T [T o TR
s s TS| SRS
2 3 P Tglat >\
T
1 y
4
10,000 100,000 1,000,000 1,000 10,000 100,000 1,000,000
Total Construction Cost ($) Total Construction Cost ($)
100.0
6D
A ¥ J
100 == e
; o 039 | g T
I3 p— V. L
; y=26531x% ||| ¢ ]
4 2 1 S 100 L —
R*=02554 | | ¢ -
s < 2
2 10 1 T 5 T i
- - ® e
= * E g — 1 [
@ @ 10
© 6 L d 8 -
3 * ] _ -0.2915 +
8 By e = | y=290.105x
s ° I 2
3 - 1 R*=0.0802
1 Ny T T TIII]
1,000 10,000 100,000 1,000 10,000 100,000
Total Construction Cost () Total Construction Cost ($)
100 > 100.0
) : ¢
. L - -o g I~ T~ A
ng ----- T b g *
S * - b hd
b ° ** @ M ¥ o o
2 2 .
3 8 .
E E T~ -~
8 8 ~
5 10 — 5 10.0
= =2
s 8
H _ -0.0227 _ -0.5305
g y =5.4753x 2 y =2526x
2 _ 2 _
R =0.0011 R“=0.3893
0.1 I T T T TTT] 1.0
10,000 100,000 1,000,000 1,000 10,000 100,000
Total Construction Cost ($) Total Construction Cost ($)

Figure 7. Predicted annual life-cycle O&M costs as a function of total construction costs in 2005

USA dollars. (a) dry ponds, (b) wet ponds, (c) constructed wetlands, (d) bio-infiltration filters,
(e) sand filters and (f) grassed/vegetative swales. Data from SWRPC (1991), Landphair, et al.

(2000) and Wossink and Hunt (2003).

Conclusions
Many MS4 (municipal separate storm sewer system) communities are struggling to define
stormwater BMP operation and maintain needs without available guidelines. As a first step to
rectify the lack of guidance, we surveyed Minnesota cities to quantify the frequency of
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inspection, level of effort needed for routine maintenance, BMP deterioration factors, and
maintenance complexity

Our evaluation of these factors was used to estimate annual maintenance costs of common BMPs
for life-cycle operations. Sediment removal and inlet/out structure maintenance were found to
incur the largest maintenance costs for most BMPs considered. To continue this effort in
Minnesota, an expert council is being formed to establish cooperative efforts related to
compilation of maintenance data in standardized formats.

The life-cycle O&M costs are also shown to be a substantial portion of total costs, and should be
taken seriously. As a general rule-of-thumb, O&M costs of the stormwater BMP will roughly
equal the construction cost (in constant dollars) after 10 years for a $10,000 installation and 20
years for a $100,000 installation (2005 dollars).
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Appendix — Predicting Sediment Buildup Rate in Wet Ponds

If the sediment buildup rate (depth of sediment accumulated/time) can be accurately estimated, it
will be easier to develop optimum long-term plans for sediment excavation. This estimate can be
made using the following procedure:

1. Estimate the average total suspended solids (TSS) input per year to the pond (TSS;,):
TSS,, =10-P-A-C-EMC,
where TSS;, = average TSS load entering to the pond per year (kg/year), P = average
rainfall depth per year (cm/year), A = watershed area (m?), C = runoff coefficient for the
watershed (dimensionless), and EMCrss = flow-weighted mean concentration of TSS
(mg/L) for one year.

2. Estimate sediment accumulated per year in the pond (Sed,.):
Figure A1 shows the relationship between input and output TSS loads in wet ponds and
was created using data from the ASCE’s International stormwater BMP Database
(http://bmpdatabase.org/). This figure can be used to estimate the solids captured in the
pond as follows.
Sed, . =TSS,, —TSS

acc out
where Sed,.. = sediment mass accumulated per year (kg/year), TSS;, = average TSS mass
entering the pond (kg/year), and TSS,, = average TSS mass discharging from the pond

(kg/year). TSSou can be read from Figure A1 when TSS;, is known.

10



Stormwater, 9(8), pp. 18-28, November/December 2008

G 10000
?c; y = 0.5155x %7848 ° *
2 _
S 1000 | R? = 0.6019 MR R
[
£
£
S 100
(=2}
£
o
§ 10 -
L
Q
2
T
? 11
o
-]
(]
2041 — : ‘ ‘ :
0.1 1 10 100 1000 10000 100000

TSS Load entering to the pond (kg)

Figure A1. TSS discharge as a function of influent TSS load in wet ponds (Data source:
International BMP database, http://www.bmpdatabase.org/)

3. Estimate the annual sediment buildup rate (Ryq):
In their field study on wet ponds, Polta et al. (2006) reported the water content (WC) and
specific gravity (SG,) of sediment in wet ponds ranging from 0.48 — 0.87, and 2.04 —2.72,
respectively. This information can be used as input to the following equation to estimate

sediment buildup rates.
Sed

Rsed = -
prGp (1 - WC)Apond
where Ryeq = sediment buildup rate (m/year), py = water density (=1000 kg/m’), SG, =
specific gravity of sediment (dimensionless), WC = water content (dimensionless), and
Apond = pond surface area (mz).
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