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CHAPTER IV-H 
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COST TO PERFORMANCE ANALYSIS OF SELECTED STORMWATER  
QUALITY BEST MANAGEMENT PRACTICES 

 
Harlow C. Landphair, Environmental Management Program, Texas Transportation Institute, 2929 Research 

Parkway, Room 128, Gilchrist Building, Texas A&M University System, College Station, TX  77843-3135, 
Phone: 979-845-7871, Email: h-landphair@tamu.edu 

 
 
Abstract: By reviewing current literature and practice, this project examined alternatives for permanent, water 
quality improvement structures.  The study also recognized that there are significant differences in methods and 
types of structures appropriate to rural, suburban, and urban conditions. Parallel to this effort, existing water quality 
improvement structures were identified and monitored in an effort to establish comparative baseline performance 
data. To develop the performance to cost analysis, a prototype approach was adopted.  A total of nine different types 
of stormwater quality best management practices (BMPs) were evaluated and performance to cost comparisons were 
made based on contributing watershed size. The findings argue strongly for developing large regional type structures, 
which implies the need for early planning for the acquisition of sufficient right-of-way to accommodate water quality 
features.   

 
 
Introduction 
In the Austin, Texas area, the Texas Department of Transportation (TxDOT) has been building and operating 
stormwater quality structures for over 20 years.  These structures protect the Edwards Aquifer, which is the 
primary source of water for several urban counties that include the cities of Austin and San Antonio. Karst 
limestone and very shallow soils overlie the Edwards; therefore, pollutants at the surface can transfer directly 
to the aquifer below.   
 
As development in the region increased, the City of Austin and the Texas Natural Resource Conservation 
Commission (TNRCC), the state’s natural resource regulatory agency, began increasing the performance 
requirements and complexity of the best management practices (BMPs) required in the Edwards recharge 
zone.  This led to the design and installation of some large and very complex structures that are costly to build 
and maintain.   
 
In 1998, TxDOT contracted with the Texas Transportation Institute and Texas Tech University to examine these 
structures and develop a cost to performance measure that would allow a comparison between the more 
costly structures and less expensive alternatives.  
 
Since the 1970s, the City of Austin focused on sand filtration as the primary stormwater treatment for the area.  
Over the years, this technology evolved from a simple earthen basin with a clay liner, sand bottom, and 
underlying drain field, to some rather sophisticated structures that may incorporate hazardous materials traps, 
floatables collection, and other forms of pretreatment.  Because of the preponderance of filtration type BMPs, 
the field study concentrated on sand filter type structures.  Design and performance data for other types of 
structures used in the comparison were collected from the literature, as well as from contact with agencies and 
researchers familiar with these alternate types of stormwater treatment. 
 
Prototype Approach to the Study 
Based on early field surveys of BMPs that ranged in age from 1 or 2 years to 25 years, it was clear that no 
meaningful comparison of performance or cost would be possible using site-specific examples. The City of 
Austin and TxDOT had performance data on a variety of structures, and several studies had been conducted by 
the City of Austin (1997) and TxDOT (Malina et al 1997). After investigation of these sources, it became 
apparent that the differences in site conditions, design sampling method, and constituents sampled were so 
great that no meaningful comparison was possible.  In addition, almost no records of cost were available for 
the older City of Austin structures; therefore, cost comparisons using historic data were not possible.   
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The preliminary study design focused on a performance to cost investigation of site-specific structures.  Field 
surveys of Austin area BMPs that ranged in age from 1 or 2 years to 25 years, revealed a deficiency in the data 
needed to fulfill the initial study objectives.  Both the City of Austin (1997) and TxDOT (Malina et al 1997) 
documented BMP performance.  However, because there were significant differences in site conditions, 
construction materials, structural design, sampling methods, and constituents sampled, no meaningful 
comparison was possible using actual field data. 
 
For these reasons, the work on the cost to performance analysis portion of the study was accomplished using a 
prototype approach.  For each BMP type included in the study, researchers developed a prototype BMP and 
several service scenarios, based on differences in the size of the drainage basin served by the structure.   
The BMPs studied were further divided into two groups based on watershed size.  This categorization 
recognized that some BMPs are effective for serving small drainage areas, while others are best suited to 
serving large watersheds.  The BMPs included and the groupings are shown in Table 1.  The improved grass 
swale used low berms for velocity reduction.  
 

Table 1 
Grouping of BMPs Based on Watershed Size 

Watersheds of 1-5 Acres 
Grass swale 
Improved grass swale  
Porous pavement  
Infiltration trench 

Watersheds of 10 acres and greater 
Infiltration basin 
Extended detention basin (lined) 

Sand filter 
Wet pond 

Primary 
Treatment Basin Sediment

Basin

Containment Berm

Spillway

Outfall
Control

Inlet

Sediment Basin
Connection

Min. Setback 25'

Min. Setback, 50'

 
Fig. 1. Prototype Structure for Watersheds over 10 Acres. 
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Prototype Development 
Prototype development for the BMPs serving 10 or more acres began with the simple infiltration basin.  The 
infiltration basin is considered the simplest because it requires the least structural improvements to the site. 
The primary difference between the infiltration basin and the detention basin was the addition of a clay liner.  
The liner is necessary to protect groundwater resources that could be polluted by infiltration from the detention 
structure.  The basic prototype basin used is shown in Figure 1. 
 
The prototype for each of the large BMPs was developed for a watershed size of 10, 20, 30, 40, and 50 acres.  
As the size of the basin was increased, the size and cost of the inlet, outfall, spillway, containment structure, 
and size of site were taken into account.  In addition to the design and construction costs, annual maintenance 
costs were developed.  For the purpose of comparison, a service life of 20 years was used.  Maintenance costs 
included normal maintenance and any major renovation that would be required over the 20-year service life.   
 
The spreadsheet used for calculating the design, construction and maintenance costs for an extended 
detention basin is shown in Table 2.  The size of the wet pond type structures was considerably larger than the 
other three types because of the permanent pool.  Based on Schueler (Schueler 1987) and Young et al (1995) 
a permanent pool size of 1.5 times the volume of the water quality volume was used.  
 
The maintenance costs for a detention basin are relatively low compared to a sand filter or wet pond because 
access is relatively simple and no major renovation is necessary over the operational life of the structure.  It 
was estimated that sand filters would require one major renovation over the 20-year service life. 
   
Land costs were considered as a separate item and not lumped in with the costs for analysis.  The reason for 
this is price variability and availability of land.  Land costs for the properties investigated ranged from a low of 
$11,000 per acre in 1987 to a high of about $850,000 per acre in 1997. 
 
The costs for the construction items were taken from TxDOT’s cost tracking system using the statewide bid 
price averages for the year 2000.  Maintenance costs were based on interviews and time estimates taken from 
the Stormwater BMP maintenance crew at TxDOT’s Austin South Area Office and from the City of Austin’s 
manager of stormwater maintenance. 
 
Performance Data 
 
Literature  
Establishing BMP performance data was difficult.  In reviewing the literature it became clear that there was no 
consistency in the data reported for the Austin area or for the rest of the country.  Much of the performance 
data found in the literature dates back to 1986 and Thomas Schueler’s landmark work with the Metropolitan 
Washington Council of Governments (Schueler 1987).  The Federal Highway Administration (FHWA) published 
an important study in 1996 that focused on BMPs related specifically to highway and transportation 
applications (Young et al 1995).  Young’s work made a significant contribution to stormwater quality research 
by bringing together more technical and performance material, which added to Schueler’s work. There were 
also significant studies performed by City of Austin (1997) and several others by Malina et al (1997), and 
Barrett et al (1995) in the Austin, Texas, area.  
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Table 2 
Spreadsheet Used to Calculate Construction and Maintenance Costs 

 
Detention Basins With Pretreatment 
Site Size in Acres  1.44  2.34  3.16  4.01  4.75  

Storage Volume CF  69000  137000  204190  272250  340350  
Permanent Pool CF  0  0  0  0  0  

Item Units Price 
Cycles/
Year 

Quant. 
10 Acre 
WS Total 

Quant. 
20 Acre 
WS Total 

Quant. 
30 Acre 
WS Total 

Quant. 
40 Acre 
WS Total 

Quant. 
50 Acre 
WS Total 

Grading SY $2  7000 $14,000 11340 $22,680 15300 $30,600 19500 $39,000 23100 $46,200 
Embankment CY $16  478 $7,648 840 $13,440 1560 $24,960 1986 $31,776 2311 $36,976 
Stone Riprap, Inlet CY $80  2.5 $200 2.8 $224 3 $240 4 $320 7 $560 
Stone Riprap, Flume CY $80  2.5 $200 2.8 $224 3 $240 4 $320 7 $560 
Stone Riprap, Spillway CY $80  3 $240 4 $320 4 $320 6 $480 10 $800 
Concrete Riprap Spillway CY $98  2.4 $235 3 $294 3 $294 8 $784 5 $490 
Concrete Riprap, Flume CY $98  3 $294 4 $392 4 $392 4 $392 7 $686 
Stone Riprap pre treat 
outfall 

CY 
$80  2.5 $200 2.8 $224 3 $240 4 $320 7 $560 

Stone Riprap Outfall CY $80  2.5 $200 2.8 $224 3 $240 4 $320 7 $560 
Soil Stabilization SY $90  340 $3,060 450 $4,050 450 $4,050 500 $4,500 500 $4,500 
Seeding SY $0.05  7000 $350 11340 $567 15300 $765 19500 $975 23100 $1,155 
End Wall 3' EA $1,240  3 $3,720  $0  $0  $0  $0 
End Wall 4' EA $1,430   $0 3 $4,290  $0  $0  $0 
End Wall 5' EA $1,940   $0  $0 3 $5,820 3 $5,820  $0 
End Wall 6' EA $2,200   $0  $0  $0  $0 3 $6,600 
Stand Pipe 8" PVC LF $8.75   $0  $0  $0  $0  $0 
Stand Pipe 30" RCP LF $56  10 $560  $0  $0  $0  $0 
Stand Pipe 36" RCP LF $80   $0 10 $800 10 $800  $0  $0 
Stand Pipe 48" RCP LF $175   $0  $0  $0 10 $1,750 10 $1,750 
8" PVC Pipe LF $6.75  60 $2,283 80 $3,044 120 $4,566 180 $6,849 200 $1,350 
Reinforced Concrete Pipe 
12" 

LF 
$28  35 $1,332  $0  $0  $0  $0 

Reinforced Concrete Pipe 
15" 

LF 
$38.05   $0 35 $1,046  $0  $0  $0 

Reinforced Concrete Pipe 
18" 

LF 
$29.88   $0  $0 45 $1,575  $0  $0 

Reinforced Concrete Pipe 
24" 

LF 
$35   $0  $0  $0 55 $2,197  $0 

Reinforced Concrete Pipe 
30" 

LF 
$39.94   $0  $0  $0  $0 65 $2,596 

Reinforced Concrete Pipe 
36" 

LF 
$60.78   $0  $0  $0  $0  $0 

Poly Pipe Underdrain, 4" LF $2.50  0 $0 0 $0 0 $0 0 $0 0 $0 

Sand Backfill 
CY 

$18  0 $0 0 $0 0 $0 0 $0 0 $0 
Clay Liner SY $8.30  2,800 $23,240 5,600 $46,480 7,000 $58,100 8,500 $70,550 10,000 $83,000 
Manhole and Valve EA Varies  1 $1,200 1 $1,600 1 $2,000 1 $2,600 1 $3,000 
Total Construction Cost    $57,762  $98,299  $133,202  $166,353  $188,343 
Construction Costs Amortized for 20 Years $2,888  $4,915  $6,660  $8,318  $9,417 
Annual Maintenance Expense             
Mowing AC $37 4 1.44 $213 2.34 $346 3.16 $468 4.01 $593 4.75 $703 
Trash and Cleaning AC $36 4 1.44 $207 2.34 $337 3.16 $455 4.01 $577 4.75 $684 
Inspection MH $20 20  $400 20 $400 20 $400 20 $400 20 $400 
Silt Removal AC $500 1 1 $720 1.8 $900 2.6 $1,300 2.9 $1,450 3.2 $1,600 
Total Annual Maintenance Expense    $1,540  $1,983  $2,623  $3,021  $3,387 
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The review of the BMP performance literature indicated marked differences in performance values depending 
on the data collected, how samples were gathered, structure and watershed size relationships, and a variety of 
other factors.  Due to the variability in the data and the need to have a better understanding of how various 
BMPs perform, in 1999, the Environmental Protection Agency (EPA) funded the American Society of Civil 
Engineers’ (ASCE) effort to develop a National Pollutant Removal Performance Database for Stormwater 
Treatment Practices (Winer 2000). This effort places rigorous standards on how data are collected, analyzed, 
and reported.  The second edition of performance data from this study was published in August 2000.  
 
ASCE/EPA applies high standards to research results submitted to the data set, so this database contains a 
limited number of cases. Currently, these data do little to reduce the wide variability of performance values 
found in the literature. 
 
Field Data Collected 
An effort was also made to collect some performance data as part of the TxDOT project.  The objective was to 
try to make some side-by-side comparisons of the performance of sand filter type structures of significantly 
different age and design.   
 
Some data collected by the City of Austin early in the research suggested that the performance of some of the 
more expensive filter type structures did not return to initial performance after renovation. It was thought that 
this might further the argument for simpler, less expensive structures.  
 
A total of seven older City of Austin structures and three of TxDOT’s newer, complex sand filters were 
monitored.  In addition to the 10 structures monitored, four roadside sites were monitored in an effort to look 
at the buffering effect of the vegetated shoulder of the roadside.  All of the structures were located in an area 
of about 6 square miles, and the rainfall characteristics for the events monitored were generally uniform over 
the entire watershed area.  The pollutants monitored were: 
 

• total suspended solids (TSS), 
• total Kjeldahl nitrogen, 
• total phosphorous, 
• lead, 
• zinc, and 
• oil and grease. 
 

Sampling began in January and was scheduled to continue through August 2000.  Over the course of the 
monitoring period, there were only nine significant rainfall events, and due to a combination of vandalism, wild 
animals, and circumstances, some sites produced as few as three usable samples.  Samples were collected 
using a simple gravity sampler that collected runoff from the flow present until the sampler was full. Float 
valves sealed off the samples. Samples were collected and processed within 36 hours of the rainfall event. At 
each structure, samples were collected at both the influent and effluent points.   
 
The data generated in the field portion of the study was inconclusive.  There was no evidence that the older, 
simpler design structures were outperforming the TxDOT high cost structures.  In fact, it was quite the opposite.  
The performance of the TxDOT structures appeared to be far more consistent than the City of Austin structures.  
It is believed this can be attributed to TxDOT’s consistent maintenance and oversight of their structures.   
 
Overall, the data trended to the national norms with similar variations between best and worst performance.  It 
was also concluded that a significant part of the variability observed was due to the inconsistent performance 
and ability to control the collection of samples.  However, the variability not withstanding, the fact remains that 
the more sophisticated structures do seem to outperform the simpler, less expensive version of the sand filter.   
 
Performance Values Used for Cost to Performance Comparison 
Given the inconclusive nature of the field data collected, and the fact that the objective was to look at a full 
range of potentially lower cost BMPs, it was necessary to utilize the best materials that were available in the 
literature.  Since Barrett and Malina (1995) had just completed some monitoring for TxDOT two years prior to 
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this study, we compared their results with values published in the ASCE/EPA database, information from Young 
et al (1995) and other EPA documents.   
 
While the findings of Barrett et al (1995) were rigorous and well documented, they appeared more optimistic 
than other values in the literature.  Therefore, this study developed more conservative performance values, 
which reflected a broader view of the literature. These performance values are shown in Table 3.  Both 
Schueler (1986) and Young (1995) used the 1 inch sizing rule for infiltration basins.  Young (1995) used a 36 
hour detention time for the detention basin.   
    

Table 3 
TSS Removal for Selected BMPs by Literature Source    

BMP 
Schueler 
(MWCOG) 
1986 

Young 
(FHWA) 
1995 

Malina 
(TxDOT) 
1997 

Strassler 
(EPA) 
1999 

Winer 
(ASCE/EPA) 
2000 

Value 
Used for 
Index 

Sand Filter (w/ pretreatment)   98 50 - 80 87 80 
Infiltration Basin 90 90  50 - 80  80 
Detention Basin 65 82 89 30 - 65 61 65 
Wet Pond 54 32 - 91   80 75 
Grass Swale  60 51 - 75 30 - 65 68 60 
Water Quality Swale  83   74 70 
Porous Pavement 82 - 95 82 - 95  65 - 100 95 80 
Infiltration Trench 99 99  50 - 80 100 90 
 
Indices 
For the purpose of this paper, two indices were used.  First, TSS was used as the primary index pollutant.  This 
is because TNRCC and some other agencies target TSS as the means of establishing performance thresholds. 
Using TSS is based on the fact that many of the metals and some nutrients will adsorb to the solid particles 
and settle out with the solid materials.  This appears to be a valid assumption so long as the particle size is 
sufficiently large.  It is probably a bad assumption in regions with clayey soils. 
 
As a second means of indexing pollutants, a composite index was developed using five index constituents.  
Removal of all the index pollutants would result in a score of 1, with the worst performance indicated by 0, 
based on the percent of each pollutant removed.  The pollutant removal rates used for each of the BMPs and 
the scores are shown in Table 4. 
 
    

Table 4  
Removal Rates for Five Index Pollutants by BMP (Percent)  

BMP TN TP Pb Zn TSS Score 
Large Watershed BMPs 
Extended Detention Pond 45 30 90 50 90 .61 
Wet Pond 35 55 65 65 80 .50 
Infiltration Pond 80 65 90 90 85 .82 
Sand Filter 32 45 71 69 80 .59 
Small Watershed BMPs 
Grass Swale 10 15 50 45 60 .36 
Water Quality Swale 15 15 55 50 75 .42 
Porous Pavement 65 30 65 60 65 .57 
Infiltration Trench 75 55 20 50 50 .50 
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Comparisons 
Annual Cost to Performance by Watershed Size Using TSS 
Figures 2-5 summarize the results of comparing the cost per pound of TSS removed in relation to the 
watershed size by structural type.  The pollutant loadings were based on Young et al (1995), whose values 
seem to be consistent with Barrett et al (1995), Strassler et al(1999), and others. 
 
Based on field inventories of numerous structures and the implications in the literature, researchers further 
divided the structures into three groups according to the type of construction.  A wide variety of material 
combinations were observed, but the primary characteristic that differentiated between structural types was 
the amount of concrete used in the structure.  In the field work, examples were found of all earthen 
construction; partial earthen construction, where a concrete weir might be used instead of an earthen dam to 
save space; and other structures that were all concrete, including the bottoms of the chambers.  Figure 6 
shows the four different examples.  

Fig. 2. All Concrete Structures: Cost to Performance by Watershed Size
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Fig. 3. All Earthen Structures: Cost to Performance by Watershed Size. 

Fig. 4. Mixed Construction BMPs: Cost to Performance by Watershed 
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Fig. 6. Examples of BMP Construction Materials Combinations 

Fig. 5. Small Watershed BMPs Cost to Performance by Watershed Size. 
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The cost per pound of TSS removed ranges from $5.28 per pound for a entirely concrete sand filter serving a 
watershed of 10 acres to a low of $0.28 per pound for an all earthen infiltration structure serving a watershed 
of 50 acres or more. Clearly there are economies of scale for the all-concrete structures, all-earthen structures 
and mixed construction structures, which suggests that watersheds in the range of 25 to 30 acres will be the 
most cost-effective regardless of the construction type. 
 
In addition to the cost per pound of TSS removed, the graphs in Figures 2, 3, and 4 show two other reference 
points.  These data represent actual field data for two sand filter structures located approximately one half 
mile apart.  The MoPac Bridge site is an all concrete structure that serves a watershed area of approximately 
7.5 acres and the Academy structure, the lower right hand corner of Figure 6, is all concrete and serves a 
watershed area of around 72 acres.  This suggests that the size relationships are reasonably consistent for at 
least the concrete structures.  
 
For small watersheds (figure 5) there is much less impact on cost and performance related to the size of the 
drainage area.  This is primarily attributed to the direct correlation between space and materials and the 
volume of runoff processed by these types of BMP.  The least expensive option is the simple grass swale, 
followed by the improved water quality swale and biofiltration/bioretention type BMPs.  Porous pavements and 
infiltration trenches have costs per pound of TSS removed similar to sand filters and wet ponds.   
 
Annual Cost to Performance by Watershed Size Using Index of Five Pollutants 
Using the index pollutant performance values developed from the literature sources shown in Table 3, the 
performance to cost index was developed and plotted for each group of BMPs in relation to the watershed size 
served.  Figure 7 shows the results for the large watershed BMPs and Figure 8 shows the results for the small 
watershed BMPs.   
 
The results shown for the large watershed BMPs are for earthen structures.  The shape of the curves is 
constant, where only the index numbers change.  The performance cost index values for concrete sand filters 
was 0.003 for 10 acres to 0.0009 for watersheds of 50 acres and greater.  
 
The Impact of Land Costs on BMP Cost Effectiveness 
Land costs have a significant impact on surface BMP structures in direct proportion to the land area required.  
Because of this, land costs become a primary consideration in BMP selection, even though they have little to 
do with the utility of a particular BMP.  In addition, the land that may be available often has topographic 
constraints that further complicate the land cost issues.  For example, land with steep slopes leads to wide 
variation in basin depths or requires extensive grading to develop the structure.  Steep slopes also complicate 
the use of earthen containments. Finally, in ultra-urban areas land is simply not available.  In these situations 
the higher cost, small footprint type BMPs offer the only reasonable alternative.  This is a particularly difficult 
situation on projects that may require retrofitting to meet water quality goals. 
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Fig. 8. Performance to Cost Index for Small Watershed BMPs. 

 
Fig. 7. Performance to Cost Index for Large Watershed BMPs. 
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Figure 9 plots the cost per pound of TSS removed for two land-cost conditions.  The rural situation assumes a 
right-of-way (ROW) cost of $10,000 per acre for land and the urban land cost is set at $250,000.  The cost 
performance increases significantly.  In the case of land costs at the high end of the scale, exploration of 
underground, small footprint devices becomes a more cost-effective option for stormwater treatment.  For 
small watersheds, the use of onsite controls and some of the available proprietary technologies with small 
footprints need to be explored.  
 
Other Key Factors that Modify Performance/Cost as a Measure of Cost-effectiveness 

Runoff Constituents 
Ultimately, cost-effectiveness involves several other considerations.  First, the index pollutants used in this 
analysis, while common to highway runoff, may not be the only considerations.  Hydrocarbons, floatables and 
differing concentrations of constituents may require additional components or make other options more 
attractive to meet the water quality goal.   
 

Maintaining Suitable Detention Times 
Infiltration and detention structures must retain water for extended periods in order to be effective. In regions 
with a high probability of recurring rainfall events within a 48 hour period, the effectiveness of these structures 
would be reduced significantly due to bypass events. Standing water may also be a nuisance factor or even a 
hazard that further reduces the attractiveness and ultimately the cost-effectiveness of the infiltration and 
extended detention options.   
 

Space Requirement and Aesthetic Considerations 
All surface type BMPs, infiltration, detention, wet ponds, wetlands, grass swales, filter belts, and the like are 
space intensive. They require significant land resources.  Depending on the surrounding land use, significant 
site and aesthetic improvements may be needed just to integrate the facility into the neighborhood.  Long-term 

Fig. 9. Impact of Land Cost on Cost per Pound of TSS Removed, Large Watershed BMPs.
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maintenance of these site improvements can significantly increase operating costs over the life of the 
structure. 

Topographic Constraints 
Costs for construction and maintenance can escalate rapidly in flat or difficult terrain.  Steep topography 
complicates the construction of basin-type BMPs while flat terrain often does not have sufficient slope to allow 
efficient gravity operation of a structure.  

Land Cost and Availability 
As illustrated in the earlier discussion, land cost and availability is probably the single most confounding 
variable in determining the most cost-effective BMP for a project.  In ultra-urban settings land simply may not 
be available.  In other situations, the cost of the land may be so high that the use of a small footprint 
underground structure proves the most effective solution.   
 
Conclusions 
 
Performance/Cost as a Measure of Cost-effectiveness 
There is no easy answer as to which BMP will be most cost-effective.  If one looks only at the pollutant removal 
effectiveness of the available stormwater BMPs, the literature makes a stronger and stronger case for the use 
of extended detention facilities where groundwater pollution may be a hazard.  A detention structure can be 
sealed, preventing pollutants trapped from leaching into the groundwater, and where residence times of 48 
hours or greater are possible, pollutant removal efficiencies are good for solids, nutrients and metals.  
 
If infiltration poses no threat to groundwater resources, infiltration appears to be the most cost-effective 
option. Strassler et al (1999) and Young et al (1995) both reported very high values for removal of all types of 
pollutants especially phosphorous and nitrogen.  Winer (2000) on the other hand, does not report any 
performance data for infiltration practices other than trenches and porous pavements.  The numbers for these 
practices appear to be in-line with those reported in Young (1995) and Strassler (1999) for larger infiltration 
structures.  No single index can be used because of the radical impact of land availability, topography and cost. 
 
It is tempting to apply a measure such as the cost per pound of pollutant removed to judge whether the cost of 
a BMP provides a reasonable benefit. However, the impact of factors external to the ultimate cost of a single 
structure are so varied that no simple answer is possible.  On the other hand, some basic conclusions are 
possible. 
 

1. When land is available for surface-type BMPs, maximizing the size of the watershed served will increase 
performance/cost relationships.   

2. Construction costs will be lowest when berms, weirs, and outfalls are of earthen construction. 
3. In the case of highways and transportation facilities, grass swales, vegetated borrow ditches, and 

shoulders should be maintained and improved to the extent possible.  These sometimes ignored parts of 
the right-of-way represent a significant, existing water quality benefit.   
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