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1.1 Data Summary Approach

The BMP performance analyses provided in this report are based on the BMP performance data in the
BMP Database as of November 2016. The analyses are based upon the distributions of influent and
effluent water quality sample data for individual events by BMP category, thereby providing greater
weight to those BMPs for which there are a larger number of data points reported. In other words, the
performance analysis presented in this technical summary is “storm-weighted,” as opposed to “BMP
weighted.”?

A summary of the BMPs analyzed and data screening approach is provided below followed by
descriptions of the graphical and tabular summaries provided in this report. The statistical analysis is
organized by constituent and BMP type for three main constituent categories: Solids, Bacteria, Metals,
and Nutrients.

1.2 BMPs Analyzed and Data Screening Approach

The BMP categories included in this analysis are grass strips, bioretention, bioswales,
composite/treatment train BMPs, detention basins (surface/grass-lined), media filters (mostly sand
filters), porous pavement, retention ponds (surface pond with a permanent pool), wetland basins
(basins with open water surface), a combined category including both retention ponds and wetland
basins, and wetland channels (swales and channels with wetland vegetation). The effectiveness and
range of unit treatment processes present in a particular BMP may vary depending on the BMP design.
Several other BMP categories and sub-classes are included in the database, but these have been
excluded from this analysis due to limited data sets available for meaningful categorical comparisons.
Additionally, the BMP Database contains approximately 100 manufactured devices, which are no longer
provided as a general BMP category for analysis in this report because of the wide range of unit
treatment processes present among various manufactured devices. Green roof data sets have also been
excluded from this report due to relatively small numbers of comparable data sets and significant
variation in monitoring program designs. Individual BMP performance analysis reports can be viewed
and downloaded from www.bmpdatabase.org for manufactured devices, green roofs, and other BMP
types not included in this summary report. For example, see http://www.bmpdatabase.org/map.html to
view monitoring locations with other BMP types not included in this report.

To be included in this category-level summary, at least three BMP studies must be included in the BMP
category, with each BMP study having influent and effluent data for at least three storms. A variety of
additional screening criteria are applied for purposes of category-level analysis to make sure that the
data sets and BMP designs are reasonably representative, as documented in the “Monitoring Station”
table of the BMP Database, which can be downloaded from www.bmpdatabase.org. Poor performance
of a BMP is not a reason for data exclusion.

2 There are several viable approaches to evaluating data in the BMP Database. Two general approaches that have
been presented in the past (Geosyntec Consultants and Wright Water Engineers, 2008) are the “BMP-weighted”
and “storm-weighted” approaches. The BMP-weighted approach represents each BMP with one value
representing the central tendency and variability of each individual BMP study, whereas the storm-weighted
approach combines all of the storm events for the BMPs in each category and analyzes the overall storm-based
data set. The storm-weighted approach has been selected for this report because it provides a much larger data
set for analysis.
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Figure 2-23. Box plots of influent/effluent dissolved phosphorus concentrations.

Table 2-23. Influent/Effluent Summary Statistics for Dissolved Phosphorus (mg/L)
BMP Category BMPs EMCs 25th Median : 75th
In [Out| In [Out| In Out In Out Difference| In Out
Bioretention 4| 4| 66| 62| 007 025 0.11(0.08,0.12) 0.40 (0.33, 0.50) el 0.23 0.88
Composite 8| 8| 167| 153| 0.07| 0.04| 0.14(0.11,0.17) 0.08 (0.06, 0.09) 00 0.22 0.13
Detention Basin | 10| 10| 137| 137 0.05| 0.03] 0.08(0.07, 0.09) 0.08 (0.05, 0.10) OO0 0.16 0.14
Grass Strip 3 3| 21] 17| o0.06] 0.18] 0.08(0.05,0.08) 0.23(0.15, 0.26) * e 0.14 0.38
Grass Swale 7| 6 71| 53| 0.03] 0.04] 0.06(0.04,0.07) 0.06 (0.05, 0.08) OCee 0.10 0.25
Media Filter 11| 10| 118] 100] 0.01] 0.02| 0.05(0.03, 0.06) 0.04 (0.03, 0.06) OO 0.09 0.10
Porous Pavement | 4| 4| 244| 119 0.03| 0.04| 0.05(0.04, 0.05) 0.05 (0.05, 0.07) Cee 0.08 0.10
Retention Pond | 18| 19| 373| 394| 0.07| 0.03| 0.13(0.11, 0.14) 0.06 (0.05, 0.07)  aad 0.21 0.14
Wetland Basin 7| 7| 311| 298] 0.03] 0.03] 0.05(0.05,0.06) 0.05 (0.04, 0.05) Cee 0.10 0.08
Wetland Basin/ | .| | conl 60o| 0.04| 0.03| 0.08(0.08,0.09) 0.05(0.05006) | ®®® | 017] o011
Retention Pond
Wetland Channel 5/ 5| 92| 89| 0.05| 0.06] 0.08(0.07,0.10) 0.09 (0.07, 0.10) OO0 0.15 0.14
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2.4.2 Nitrogen

=0O= Influent  ={J= Effluent
100 —
: - =] o]
1 5o o o
104 7F 8 8
Q ]
= 1
E 10 =
© ]
g 014 o = o
o ]
- . o]
= . o]
0.01 = 8 8
0.001 | | T | | T | | T T |
. & : @ 5 g o & & >
Qg\"@(\ Qo“"\@ o %fo\\Q 6«3} S ¥ 6@6(\ & o @ﬁ"\(;ob z-"“oe
A\ o & RN QY
o 006\ & G & \‘.\Q’e} <® & @ fz:-&o(\Q &’
< & o) P 2 Q\é'\ HE &
o & Q@ [ ¢ &
] <&
Figure 2-24. Box plots of influent/effluent total nitrogen concentrations.
Table 2-24. Influent/Effluent Summary Statistics for Total Nitrogen (mg/L)
BMPs EMCs 25th Median 75th
BMP Category =
In |Out| In [Out| In Out In Out Difference | In Out
Bioretention 17| 17| 289| 238| 0.77] 0.65| 1.24(1.06,1.35) 1.04 (0.88, 1.14) (R 4 2.25|  2.08
Composite 7| 7| 138 127| 1.18] 1.04| 1.88(1.69,2.21) 1.35(1.21, 1.45) ¢ 3.49]  1.80
Detention Basin | 15| 15| 180| 179| 0.79] 0.74| 1.15(0.99, 1.20) 1.19(1.02, 1.30) OO @ 1.70|  2.10
Grass Strip 8| 8| 138/ 122| 0.80| 0.80| 1.40(1.08, 1.50) 1.13(1.00, 1.23) OO @ 2.04] 155
Grass Swale 8| 8| 241| 207| 0.44| 0.54| 0.76(0.65,0.90) 0.85 (0.75, 1.01) OO @ 1.50]  1.60
Media Filter 10| 9| 160[ 151] 0.79] 0.73| 1.22(1.03,1.33) 1.05 (0.90, 1.16) OO @ 2100 172
Retention Pond 27| 27| 414| 431 0.99] 0.81] 1.56(1.42,1.74) 1.20(1.10, 1.25) A d 2.59 1.69
Wetland Basin 10| 10| 419| 425/ 1.02| 1.02| 1.48(1.39,1.51) 1.42 (1.36, 1.46) OO0 2.00 1.82
Wetland Basin
. in/ 37| 37| 833| 856| 1.00] 0.89] 1.50(1.44,1.57) 1.31(1.25, 1.35) X X2 226 175
Retention Pond
Wetland Channel | 9| 9| 107| 103| 1.28| 0.94| 1.70(1.50, 1.96) 1.43 (1.05, 1.55) Ceoe 2.69 1.87
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Figure 2-25. Box plots of influent/effluent total Kjeldahl nitrogen concentrations
Table 2-25. Influent/Effluent Summary Statistics for Total Kjeldahl Nitrogen (mg/L)
BMPs EMCs 25th Median 75th
BMP Category =
In |Out| In [Out| In Out In Out Difference| In Out
Bioretention 23| 23| 451/ 390| 0.62| 0.64] 1.10(1.07,1.24) 1.39 (1.14, 1.40) OO0 2.20 2.39
Composite 8| 7/ 139| 127 o0.81| 0.54] 1.60(1.13,1.80) 0.91(0.80, 1.09) *0 2.71 1.39
Detention Basin | 19| 19| 258| 248| 0.68] 0.65| 1.20(1.02, 1.35) 1.20(0.99, 1.36) OO @ 219 2.2
Grass Strip 18| 18| 352| 268] 0.75| 0.75| 1.20(1.12, 1.40) 1.10(0.97, 1.11) *OO 1.93 1.64
Grass Swale 19| 19| 357 337 0.36| 0.46| 0.80(0.68,0.88) 0.91(0.81, 0.99) OO @ 157 141
Media Filter 21| 20| 323|312 056 0.29] 0.94(0.83,1.02) 0.50 (0.43, 0.55) *0 e 1.78]  1.00
Porous Pavement | 6| 6| 375| 206| 1.40| 0.70] 2.20(1.80, 2.20) 1.00 (0.90, 1.10) 0 3.10] 1.50
Retention Pond 36| 36| 498 493| 0.76] 0.70 1.24(1.10, 1.31) 1.00(0.91, 1.03) 06 2.00 1.50
Wetland Basin 8| 8| 96 91| 0.61] 0.62] 0.99(0.84,1.12) 0.84(0.67, 0.90) OO0 1.33 1.24
Wetland Basin
. in/ 44| 44| 594 584 0.73| 0.67| 1.17(1.06,1.25) 0.97(0.92, 1.03) X X2 190 145
Retention Pond
Wetland Channel | 9| 9| 141| 129 0.97| 0.85| 1.50(1.30, 1.60) 1.25(1.10, 1.30) X X2 2,10 1.60
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Figure 2-26. Box plots of influent/effluent NOs as nitrogen concentrations.
Table 2-26. Influent/Effluent Summary Statistics for NOs as Nitrogen (mg/L)
BMP EMC 25th Medi 75th
BMP Category S s edian =
In |Out| In [Out| In Out In Out Difference| In Out
Bioretention 4 4| 45| 40| 0.19| 0.7 0.35(0.24,0.41) 0.48(0.29, 0.56) OOe 0.48] 0.88
Composite 3| 3| 54| 55| 021 0.15 0.47(0.37,0.65) 0.30(0.18, 0.33) * 00 0771 0.42
Detention Basin | 12| 12| 130 123| 0.28]/ 0.26] 0.52(0.42, 0.61) 0.50(0.38, 0.60) OO0 1.00 0.93
Grass Strip 12| 12| 228[ 165| 0.29| 0.18| 0.61(0.48, 0.67) 0.43 (0.34, 0.51) OOe 1.10/  0.95
Grass Swale 12| 12| 138| 149 0.22] 0.32 0.40(0.29, 0.43) 0.52(0.41, 0.59) X X 0.75 0.89
Media Filter 12| 12| 178| 174 0.20] 0.30| 0.32(0.28, 0.35) 0.56 (0.46, 0.63) 00 0.59 0.94
Retention Pond 15| 15| 251 247 0.25| 0.12] 0.50(0.40, 0.54) 0.25(0.19, 0.27) 00 0.83 0.50
Wetland Basin 5| 5| 48] 37| 0.13] 0.03] 0.27(0.16,0.43) 0.08 (0.03, 0.12) * 00 067 0.17
Wetland Basi
etlandBasin/ | | o 200| 285| 022| 0.10| 0.45(0.36,0.48) 022(0.19,026) | ®®® | 081 o050
Retention Pond
Wetland Channel | 4| 4| 82| 70| 0.12| o0.10] 0.21(0.16,0.23) 0.16 (0.10, 0.20) OO @ 031 0.30

2-26

Water Environment & Reuse Foundation




=0O= Influent  ={J= Effluent
100
- E
S ]
£ ]
=z 10 =
%) 3 o -
1] 4 o ]
g ] <]
= 1.0 =
o E
o ]
z 0.1 -
+ E 0
N ] [
o} 1 o L
E 0.01 -3 8 -
) E i
= E o
= ]
c  0.001 —
@ 3
=2} ]
o ]
2 ]
0.0001 | | T T | T T T T T
. . . Q N
6‘\00 o‘:'\@ Q;’ac’\o N e«‘q}e’ S <<"*@\ 6‘0& Q""(\b Q;’z’co\o SO ra-o’\@
@ . @ D0
. & o@Q & & & 5% & .\\00 O D (\Q )
O ¢ $ & G Q@ R N 4 F & R
A4 & > 0 & & G
Qé\ \0\) Qg‘}- \?\ Q\%\@(\ é&b
Q° ¥ N
Figure 2-27. Box plots of influent/effluent NOz + NOs as nitrogen concentrations.
Table 2-27. Influent/Effluent Summary Statistics for NO2 + NOs as Nitrogen (mg/L)
BMPs EMCs 25th Median 75th
BMP Category =
In |Out| In [Out| In Out In Out Difference | In Out
Bioretention 23| 23| 462|394/ 0.21| 0.17| 0.35(0.31,0.38) 0.42(0.35, 0.51) X X 056 1.24
Composite 7| 7| 112| 99| o0.36] 0.34] 0.57(0.47,0.72) 0.53 (0.45, 0.66) OO0 1.40 0.96
Detention Basin 9| 9| 154| 154| 0.21] 0.06] 0.44(0.33,0.53) 0.26 (0.16, 0.33) ¢ 0.70| 0.8
Grass Strip 7| 7| 132 116] o0.12] 0.10] 0.27(0.17,0.29) 0.19(0.18, 0.22) 2 2% 042 0.30
Grass Swale 11| 11| 310 305| o0.11] 0.16] 0.26(0.22,0.29) 0.31(0.25, 0.34) 2 2% 049 0.57
Media Filter 10| 9| 168| 154| 0.24] 0.38] 0.35(0.31, 0.40) 0.57 (0.48, 0.68) 0 058 0.94
Porous Pavement | 7| 7| 388| 220 0.34] 0.85| 0.59(0.53,0.62) 1.36(1.22, 1.51) 0 0.88] 2.06
Retention Pond 31| 31| 456| 457| 0.15| 0.02[ 0.38(0.33,0.41) 0.12(0.09, 0.15) A d 0.79 0.34
Wetland Basin 10| 10| 416| 410 0.23| 0.06| 0.44(0.39, 0.47) 0.37(0.31, 0.42) O e 070 o0.62
Wetland Basin
. in/ 41| 41| 872| 867 0.17| 0.03| 0.41(0.38,0.44) 0.20(0.17, 0.23) X X2 073 o052
Retention Pond
Wetland Channel | 7| 7| 84| 79| 0.1 0.13] 0.71(0.52,0.90) 0.41(0.21, 0.72) X X 2.51 1.12
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Figure 2-28. Box plots of influent/effluent NOx as nitrogen concentrations.
Table 2-28. Influent/Effluent Summary Statistics for NOx as Nitrogen (mg/L)
BMP EMC: 25th Medi 75th
BMP Category > > edian =
In [Out| In |Out| In Out In Out Difference| In Out
Bioretention 26| 26| 508| 434| 0.21] 0.18] 0.35(0.32,0.38) 0.43 (0.38, 0.50) OO e 0.55 1.14
Composite 10| 10| 166| 154| 0.33| 0.27| 0.55(0.45, 0.65) 0.44 (0.36, 0.48) OCee 1.05 0.83
Detention Basin | 21| 21| 284| 277| 0.25| 0.16| 0.48(0.38, 0.53) 0.36(0.30, 0.43) X X 2 0.84 0.70
Grass Strip 19| 19| 360| 281 0.20] 0.14| 0.41(0.36, 0.46) 0.27(0.24, 0.32) * 00 0.87 0.60
Grass Swale 22| 22| 406| 382| 0.12| 0.17| 0.30(0.26,0.33) 0.32(0.29, 0.36) OO0 0.60 0.65
Media Filter 22| 21| 346| 328| 0.21| 0.34| 0.34(0.31,0.37) 0.57(0.49, 0.63) 00 0.58 0.94
Porous Pavement 7| 7| 388 220 0.34| 0.85| 0.59(0.53,0.62) 1.36(1.22, 1.51) 00 0.88 2.06
Retention Pond | 46| 46| 707| 704| 0.18) 0.05| 0.42(0.38, 0.45) 0.17(0.15, 0.19) aad 0.81 0.43
Wetland Basin 15| 15| 466| 450 0.20] 0.05| 0.43(0.38, 0.46) 0.33(0.24, 0.37) 00 0.69 0.60
Wetland Basi
€ a',' asin/ 61| 61/1173|1154| 0.18| 0.05| 0.42(0.39, 0.45) 0.20(0.18, 0.24) L X X 2 0.76 0.51
Retention Pond
Wetland Channel | 11| 11| 166| 149 0.19| 0.10] 0.37(0.29, 0.44) 0.21(0.17, 0.30) OO e 0.75 0.72
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CHAPTER 3.0

Conclusions and Research Needs

3.1 Conclusions

The International Stormwater BMP Database is an evidence-based resource for characterizing BMP
performance. This summary report provides statistics useful for estimating effluent concentrations
achievable by various BMP types for various pollutants and for identifying BMP types that have

demonstrated ability to reduce pollutant concentrations. Although detailed interpretation of these
summary statistics is beyond the scope of this data summary, basic observations from this analysis

include:

1.

Total Suspended Solids: All of the BMP types evaluated discharged median effluent
concentrations below 30 mg/L, which is a common benchmark for TSS performance. All of the
BMP types evaluated demonstrated statistically significant reduction in TSS, with the exception
of LID sites. However, the number of discharging events monitored for LID facilities was
approximately half of the measured inflows; therefore, comparison of influent-effluent
concentration at LID sites likely underestimates the water quality benefits of these sites in terms
of load reductions. The lowest effluent concentrations observed for TSS include bioretention,
media filters, retention basins and wetland basins. These BMPs enable sedimentation and
filtration, which are effective treatment processes for sediment removal.

Bacteria: The fecal indicator bacteria data set for EPA-recommended fecal indicators remains
limited. Nonetheless, several observations can be made from the available data. Most BMP
types analyzed are not able to reduce bacteria concentrations to primary contact recreation
receiving water standards, with the possible exception of retention ponds for E. coli. However,
several BMP types show the ability to reduce currently recommended fecal indicator bacteria
concentrations, including bioretention, wetland basins, retention ponds, and media filters. Dry
extended detention basins provided statistically significant reduction for fecal coliform, although
it is no longer recommended for use by EPA as a fecal indicator bacteria for recreational use.
Nonetheless, bacteria load reductions may be significant due to volume reduction provided by
BMPs that provide infiltration. (Volume reduction is not evaluated in this report.)

Nutrients: Nutrients in the particulate form can be removed from a variety of BMP types;
however, removal of soluble forms is more challenging. Statistically significant reductions of
total phosphorus were identified for composite (treatment train) BMPs, detention basins, media
filters, porous pavement, retention ponds and wetland basins. Bioretention, grass swales and
grass strips tended to export phosphorus, suggesting that bioretention media mixes, fertilization
practices and erosion control are important considerations for BMP design, installation and
maintenance. BMPs with permanent pools (i.e., retention ponds and wetlands) appear to be
able to reduce nitrate (and NOx) concentrations. As indicated by the relatively high TKN removal
and lack of NOx removal for media filters, inert filtration appears capable of capturing
nitrogenous solids, but the conditions are not as conducive for significant denitrification or
nitrogen uptake as compared to BMPs with permanent pools (retention ponds and wetland
basins). Therefore, a BMP designed for permanently reducing nitrogen may include a permanent
wet pool followed by a vegetated swale or media filter. Bioretention as an overall category did
not perform well for nitrogen removal; however, it may be worthwhile to evaluate bioretention
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designs with internal water storage zones (e.g., pore storage above and below the underdrain
providing nitrification/denitrification processes) as a separate subcategory in the future.

4. Metals: As was the case for nutrients, total forms of metals are more easily removed than
dissolved forms. For example, all of the BMPs evaluated showed statistically significant
reduction of total copper, lead and zinc. Performance for individual BMP-pollutant
concentration varies. When evaluating metals performance, it is particularly important to be
cognizant of influent concentrations — in cases where influent concentrations are already very
low, then additional reductions of metals concentrations may not be feasible. See the summary
tables provided in this report to assess expected performance for various BMP-metal
combinations.

For more detailed discussions of unit treatment processes expected to be effective at removing various
pollutants, see the BMP Database Pollutant Technical Summary paper series completed during 2010-
2012 (Geosyntec and WWE 2010 & 2011; WWE and Geosyntec 2010 & 2011) and accessible at
http://www.bmpdatabase.org/performance-summaries.html.

3.2 Research Needs

This report serves primarily as a statistical summary and is not intended to provide a detailed evaluation
of research needs; however, several research needs are readily apparent.

1. More BMP performance data sets are needed for fecal indicator bacteria for multiple BMP
types, particularly for EPA-recommended fecal indicator bacteria, enterococcus and E. coli.

2. More robust design information in BMP performance study submittals would be valuable for all
BMP categories. This information is important for identifying the factors that lead to the best
performance for various BMP types.

3. Although the 2016 data upload included more site-scale LID studies, this data set continues to
be limited and would benefit from additional performance data. It is essential that runoff
volume-related data be reported with these studies so that load reductions can be determined
in future analyses.

4. Permeable pavement studies are relatively limited and would benefit from additional
performance reporting. Permeable pavement is a BMP type that is well suited for ultra-urban
retrofits, so additional performance data would be helpful for local governments considering
inclusion of permeable pavement in capital improvement programs.

5. The BMP Database contains a substantial manufactured device data set that has evolved over
the past 20 years. These data sets have not been included in this analysis due to the need for
additional characterization of the unit treatment processes in these data sets. A stand-alone
manufactured device performance analysis report is recommended as a future priority for
WER&RF and the project co-sponsors.

3-2 Water Environment & Reuse Foundation


http://www.bmpdatabase.org/performance-summaries.html

References

Efron, B. and Tibishirani, R. (1993). An Introduction to the Bootstrap. Chapman & Hall, New York.

Geosyntec Consultants and Wright Water Engineers (2010). International Stormwater Best Management
Practices (BMP) Database Technical Summary: Nutrients. Prepared under Support from WERF, FHWA,
EWRI/ASCE and EPA. December.

Geosyntec Consultants and Wright Water Engineers (2011). International Stormwater Best Management
Practices (BMP) Database Technical Summary: Solids (TSS, TDS and Turbidity). Prepared under Support
from WERF, FHWA, EWRI/ASCE and EPA. May.

Geosyntec Consultants and Wright Water Engineers (2012a). International Stormwater Best
Management Practices (BMP) Database Addendum 1 to Volume Reduction Technical Summary (January
2011) Expanded Analysis of Volume Reduction in Bioretention BMPs. Prepared under Support from
WERF, FHWA, EWRI/ASCE and EPA.

Geosyntec Consultants and Wright Water Engineers (2012b). International Stormwater Best
Management Practices (BMP) Database International Stormwater Best Management Practices (BMP)
Database Pollutant Category Statistical Summary Report: Solids, Bacteria, Nutrients, and Metals.
Prepared under Support from WERF, FHWA, EWRI/ASCE and EPA.

Geosyntec Consultants and Wright Water Engineers (2014). International Stormwater Best Management
Practices (BMP) Database International Stormwater Best Management Practices (BMP) Database
Pollutant Category Statistical Summary Report: Solids, Bacteria, Nutrients, and Metals. Prepared under
Support from WERF, FHWA, EWRI/ASCE and EPA.

Geosyntec Consultants and Wright Water Engineers, Inc. (2009). Urban Stormwater BMP Performance
Monitoring. Prepared for WERF and EPA. Accessible at:
http://www.bmpdatabase.org/Docs/2009%20Stormwater%20BMP%20Monitoring%20Manual.pdf

Helsel, D.R. and Cohn, T.A. (1988). “Estimation of Descriptive Statistics for Multiply Censored Water
Quality Data.” Wat. Res. Research, 24(12): 1997-2004.

Helsel, D.R. and Hirsch, R.M. (1992). Statistical Methods in Water Resources. Studies in Environmental
Science. Elsevier, NY.

Wright Water Engineers and Geosyntec and (2010). International Stormwater Best Management
Practices (BMP) Database Technical Summary: Pollutant Category Summary: Fecal Indicator Bacteria.
Prepared under Support from WERF, FHWA, EWRI/ASCE and EPA. December.

Wright Water Engineers and Geosyntec and (2011). International Stormwater Best Management
Practices (BMP) Database Technical Summary: Metals. Prepared under Support from WERF, FHWA,
EWRI/ASCE and EPA. August.

BMP Database 2016 Summary Statistics R-1


http://www.bmpdatabase.org/Docs/2009%20Stormwater%20BMP%20Monitoring%20Manual.pdf

WATER ENVIRONMENT = REUSE FOUNDATION :

‘V'f

Water Environment & Reuse Foundation
1199 North Fairfax Street, Suite 900 ¢ Alexandria, VA 22314-1177
Phone: 571-384-2100 ¢ Email: werf@werf.org
www.werf.org
WE&RF Stock No. 03-SW-1COh
WE&RF ISBN: 978-1-94124-285-8

May 2017



	BMP Database 2016 Summary Statistics
	CHAPTER 1.0 Introduction
	1.1 Data Summary Approach
	1.2 BMPs Analyzed and Data Screening Approach
	1.3 Graphical Summaries
	1.4 Tabular Summaries

	CHAPTER 2.0 BMP Performance Summary Statistics
	2.1 Total Suspended Solids
	2.2 Bacteria
	2.2.1 Enterococcus
	2.2.2 E. coli
	2.2.3 Fecal Coliform

	2.3 Metals
	2.3.1 Arsenic
	2.3.2 Cadmium
	2.3.3 Chromium
	2.3.4 Copper
	2.3.5 Iron
	2.3.6 Lead
	2.3.7 Nickel
	2.3.8 Zinc

	2.4 Nutrients
	2.4.1 Phosphorus
	2.4.2 Nitrogen


	CHAPTER 3.0 Conclusions and Research Needs
	3.1 Conclusions
	3.2 Research Needs

	References


