Stormwater and Urban Water Systems Modeling Conferémddodels and Applications to Urban Water
SystemgsVol. 12 (edited by W. James). CHI. Guelph, Ontario, pp. 257 — 294. 2004.

COLLECTION AND EXAMINATION OF A MUNICIPAL SEPARATE STORM
SEWER SYSTEM DATABASE

Robert Pitt, Alex Maestre, Renee Morquecho, and Derek Williamson
Dept. of Civil and Environmental Engineering
University of Alabama
Tuscaloosa, AL 35487

Abstract

The University of Alabama and the Center for Watershed Pratestre awarded an EPA Office of Water
104(b)3 grant in 2001 to collect and evaluate stormwater data fromeaeafative number of NPDES
(National Pollutant Discharge Elimination System) MS4 (mypaicseparate storm sewer system) stormwater
permit holders. The initial version of this database, theoNatiStormwater Quality Database (NSQD, version
1.0) is currently being completed. These stormwater quality dataiie descriptions are being collected and
reviewed to describe the characteristics of national stater quality, to provide guidance for future sampling
needs, and to enhance local stormwater management activiesashaving limited data.

The monitoring data collected over nearly a ten-year period frora than 200 municipalities throughout the
country have a great potential in characterizing the qualityoofsvater runoff and comparing it against
historical benchmarks. This project is creating a natiortabdae of stormwater monitoring data collected as
part of the existing stormwater permit program, providing a sficanalysis of the data, and providing
recommendations for improving the quality and management vlfuéure NPDES monitoring efforts.

Each data set is receiving a quality assurance/quality ceatielv based on reasonableness of data, extreme
values, relationships among parameters, sampling methods, afeMagtthe analytical methods. The
statistical analyses are being conducted at several levels. Fitphpditis are used to identify range,
randomness and normality. Clustering and principal componentsasadye utilized to characterize significant
factors affecting the data patterns. The master data $et is&ing evaluated to develop descriptive statistics,
such as measures of central tendency and standard errors.aRagibolimatic differences are being tested,
including the influences of land use, and the effects of storm sizeeasors among other factors. The data
will be used to develop a method to predict expected stormueyaddity for a variety of significant factors and
will be used to examine a number of preconceptions conceterthtaracteristics of stormwater, sampling
design decisions, and some basic data analysis issues. Somessfitisethat are being examined with this
data include: the occurrence and magnitude of first-flushesfféwtseof different sampling methods (the use
of grab sampling vs. automatic samplers, for example) on stormguatkty data, trends in stormwater quality
with time, the effects of infrequent wrong data in large dasa$iaappropriate methods to handle values that
are below detection limits, the necessary sampling effodetet characterize stormwater quality, for
example. This paper describes the data collected to daf@esehts some preliminary data findings.

When this National Stormwater Quality Database (NSQD) is caetp(@opulated with most of the NPDES
stormwater monitoring data), the continued collection of outfaimwater quality data in the U.S. for basic
characterization purposes may have limited use. Some cotesumay have obviously unusual conditions,
or adequate data may not be available in their region. In toesiitions, outfall monitoring may be needed.
However, stormwater monitoring will continue to be needed fogrgburposes in many areas having, or
anticipating, active stormwater management programs (edipechen supplemented with other biological,
physical, and hydrologic monitoring components). These new monitardgggms should be designed
specifically for additional objectives, beyond basic characti#wizalhese objectives may include receiving
water assessments to understand local problems, source areaingto identify critical sources of
stormwater pollutants, treatability tests to verify thefgrenance of stormwater controls for local conditions,
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and assessment monitoring to verify the success of the locakhster management approach (including
model calibration and verification). In many cases, the resobeiag spent for outfall monitoring could be
more effectively spent to better understand many of these offesta®f an effective stormwater management
program.

1. PROJECT DESCRIPTION AND BACKGROUND

The importance of this project is based on the scarcity mfnadlty summarized and accessible data from the
existing U.S. EPA’s NPDES stormwater permit program. There Ina@e some local and regional data
summaries, but little has been done with nationwide data. A naatdgption is the Camp, Dresser, and
McGee (CDM) national stormwater database (Smullen and Cave 2@®2pthbined historical Nationwide
Urban Runoff Program (NURP) (EPA 1983), available urban U.S. Geologicalysiw®GS), and selected
NPDES data. Their main effort has been to describe the plibpdtstributions of these data (and
corresponding EMCs, the event mean concentrations). They conthadedncentrations for different land
uses were not significantly different, so all their dateewmoled.

Between 1978 and 1983, the EPA developed NURP that examined stormwatgrfiqpralseparate storm
sewers in different land uses (EPA 1983). This project studied &llgin 28 communities throughout the
U.S. and included the monitoring of approximately 2300 storm events.atheves presented for several land
use categories, although most of the information was obtaineddésidential lands. Since NURP, other
important studies have been conducted that characterize stenmWat USGS created a database with more
than 1100 storms from 98 monitoring sites in 20 metropolitan areas. @aeaFeighway Administration
(FHWA) analyzed stormwater runoff from 31 highways in 11 states dtme$970s and 1980s (Cave 1995).
The city of Austin also developed a database having more than 1286 émullen 2003).

Other regional databases also exist, mostly using local NPBtaSThese include the Los Angeles area
database, the Santa Clara and Alameda County (Californidedaty the Oregon Association of Clean Water
Agencies Database, and the Dallas, Texas, area stormwater dafdies® regional data are (or will be)
included in the NSQD national database. However, the USGS or ¢a$tdtlRP data will not be included in
the NSQD database due to lack of consistent descriptiveriafmm for the older drainage areas and because
of the age of the data from those prior studies. Much of the NURRsdavailable in electronic form at the
University of Alabama student American Water Resources Assmtiaeb page at:
http://www.eng.ua.edu/~awra/download.hffine results (especially the stormwater characterisgtidigtion
procedures) from these other databases will be compared tardimilings from the final analyses using this
expanded database to indicate any important differences.

Outside the U.S., there have been important efforts to chazactéormwater. In Toronto, Canada, the
Toronto Area Watershed Management Strategy Study (TAWMS) was t¢eddiwring 1983 and 1984 and
extensively monitored industrial stormwater, along with snowmeheé urban area (Pitt and McLean 1986),
for example. Numerous other investigations in South Africa, the Radific, Europe and Latin America

have also been conducted over the past 30 years, but no large-scaleissiminthat data have been prepared.
About 3,500 international references on stormwater have been renéedecompiled since 1996 by the Urban
Wet Weather Flows literature review team for publicatiowater Environment Resear(hield, et al. 1997,
1998; O’'Connoret al 1999; Fanet al. 2000; Clarket al 2001, 2001, 2003). An overall compilation of these
literature reviews is available at:

http://www.eng.ua.edu/~rpitt/Publications/Publications.$htm

The reviews include short summaries of the papers and are odjayingajor topics. Besides journal articles,
many published conference proceedings are also representadifigthe extensive conference proceedings
from the &' International Conference on Urban Storm Drainage held in Sydmsyrafia, in 1999, the"™


http://www.eng.ua.edu/~awra/download.htm
http://www.eng.ua.edu/~rpitt/Publications/Publications.shtml

Stormwater and Urban Water Systems Modeling Conferémddodels and Applications to Urban Water
SystemgsVol. 12 (edited by W. James). CHI. Guelph, Ontario, pp. 257 — 294. 2004.

International Conference on Urban Storm Drainage held in Port@Rdin 2002, and the Toronto Stormwater
and Urban Water Systems Modeling conference series, amongst rhangpecialty conferences).

The NSQD is unique in that detailed descriptions of the teas @med sampling conditions are also being
collected, including aerial photographs and topographic maps thagiageobtained from public domain
Internet sources. Land use information used is as supplied by the coressulitmitting the data, although
aerial photographs and maps are also used to help clarifiyomsesoncerning specific development
characteristics. Most of the sites have homogeneous land tkesghlmany are mixed. These characteristics
are all fully noted in the database.

Stormwater runoff data from existing NPDES permit applicationsaandal monitoring reports are being
collected during this project. This project also includes exterQA/QC (quality assurance/quality control)
evaluations of these data; and performing statistical aembsd summaries of these data. The final
information will be published on the Internet (such as on an EPAG@MWH, Office of Water and Office of
Wastewater Management, site and on the Center for WaddPshtection's SMRC, Stormwater Manager’s
Resources Center, site http://www.stormwatercenter.ngtSome of the information is currently located at
Pitt’s teaching and research web site at:

http://www.eng.ua.edu/~rpitt/Research/ms4/mainms4.shtml

The Phase | NPDES communities included areas with:

A stormwater discharge from a MS4 serving a population oD28@r more (large system), or
A stormwater discharge from a MS4 serving a population oD00®@r more, but less than 250,000
(medium system).

More than 200 municipalities, plus numerous additional apdistricts and governmental agencies were
included in this program. Part 2 of the NPDES discharge perpilitation specified that sampling was needed
and that the following items were to be included in the application

» Proposed monitoring program for representative data collectiimgdtie term of the permit;

» Quantitative data from 5 to 10 representative locations;

« Estimates of the annual pollutant load and event mean concen{ElMi@) of system discharges;
and

» Proposed schedule to provide estimates of seasonal polhadstdnd the EMC for certain detected
constituents during the term of the permit.

The permit applications were due in 1992 and 1993. For Part 2 of the &pplicaunicipalities were to

submit grab (for certain pollutants having severe holding tastictions, such as bacteria) and flow-weighted
sampling data from selected sites (5 to 10 outfalls) for threegeptative storm events at least one month
apart. In addition, the municipalities must have also developmepigims for future sampling activities that
specified sampling locations, frequency, pollutants to be ardlgnel sampling equipment.

Numerous constituents were to be analyzed, including typical connehgiollutants (TSS, TDS, COD,

BOD:s, oil and grease, fecal coliforms, fecal strep., pH, Cl, TKNg,N®, and Pg), plus many heavy metals
(including total forms of arsenic, chromium, copper, lead, mercuryziaodplus others), and numerous listed
organic toxicants (including PAHSs, pesticides, and PCBs). Many cmities also analyzed samples for
filtered forms of the heavy metals. This database cuyrenmtiudes information for about 125 different
stormwater quality constituents, although the current dagabasostly populated with data from 35 of the
commonly analyzed pollutants (as summarized later in Table 1)efoherthere has been a substantial
amount of stormwater quality data collected during the pasta® yhroughout the U.S., although most of
these data are not readily available, nor have detailesdt®t@itianalyses been conducted and presented.
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2. DATA COLLECTION AND ANALYSISEFFORTSTO DATE

As of mid-summer 2003, 3,770 separate events from 66 agencies and mumisifraliti 17 states have been
collected and the data entered into NSQD. Figure 1 shows the |acatitrese municipalities on a national
map. Excellent national coverage is anticipated, although thétdeeview municipalities from the northern,
west-central states of Montana, Wyoming, and North and South Dakutae(gities are generally small, and
few were included in the Phase 1 NPDES program). This curreaiiadse (NSQD, Version 1.0) covers areas
mostly in the southern, Atlantic, central, and western parts of thé&kt8ipated future project phases will
help extend the national coverage.

Some of the municipalities that have been contacted (and soméchndalta was received) have information
that could not be used for various reasons. One of the most comasonsevas that the samples had been
collected from receiving waters (such as Washington statéyviasand Chattanooga). Only data from well-
described stormwater outfall locations are being used for tabaise. These can be open channel outfalls in
completely developed areas, but are more commonly conventional pigés! The other major problem is
that the sampling locations and/or the drainage areas weresedbdd. Data with some missing information
is being used for now, with the intention of obtaining the neededation later. However, there will likely
still be some minor data gaps that will not be able to be filteddtition, the list of constituents being
monitored has varied for different locations. Most areasuatedl the common stormwater constituents, but
few have included organic toxicants. The most serious gap isstingeht lack of runoff volume data, although
all sites have included rain data. Finally, if all the data wdleated that was requested, the current project
resources will not permit their full utilization, as it reqgra great deal of time to enter and review this
information. About 10% of the collected data needed verificatising the QA/QC process. If that potentially
faulty data remained in the database, spurious statiatiadyses would have resulted. The collection and
review of the data is a necessary first step to facilitéee &nalyses.

The assembled data was entered into NSQD, including site dieswifstate, municipality, land use
components, and EPA rain zone), sampling information (date, seasaeptinrunoff depth, sampling
method, sample type, etc.), and constituent measurements (congesti@tbuped in categories). In addition,
more detailed site, sampling, and analysis information has béected for most sampling sites and is also
included as supplemental information. The reported land use informsatpplied by the communities is being
used, with verification of some areas with aerial photographsnapd. In many cases, the sampled
watersheds have multiple land uses and those designationslagedna the database (the database lists the
percentages of the drainage as residential, commercial, iatiUfsteway, institutional, and open space). The
final data analyses will consider these mixed sites alsociafipdor verification for the model development
activities, although the following preliminary results areydol the homogeneous land use sites.

2.1. Priminary Summary of U.S. NPDES Phase 1 Stormwater Data

Additional site information is being acquired to complete mbti@missing records before the final data
analyses. The following data and analysis descriptions dlioedefore be considered preliminary and will
change with this additional data and analyses. However, tlismietion only uses the most basic and robust
analyses for preliminary consideration. The final report aral plesentations will obviously be much more
comprehensive.

Table 1 is a summary of the Phase 1 data collected and entered idadeth@se as of mid-summer 2003. The
data are separated into 11 land use categories: residemtimheccial, industrial, institutional, freeways, and
open space, plus mixtures of these land uses. Summaries askaisofor mixed land use areas (indicating
the most prominent land use), and for the total data set comi@mty data having at least 50 total detected
observations and at least 10 detected observations per landegg@care shown on this table. The full
database includes all of the data, obviously. In most cases,mmeythan these minimum numbers are
available. The total number of observations and the percerftabsarvations above the detection limits are
shown. However, some constituents were not monitored by very n@nyater permit holders, and some
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constituents were mostly all in the “not detected” categony those data are not shown. As an example,
filtered heavy metal observations, and especially organigssasa have many fewer detected values than other

constituents.

The total number of individual events included in the database is 3,770, egtlimthe residential category
(1,069 events). For most common constituents, detectable values aablavail almost all monitored events.
The median and coefficient of variation (COV) values are forlyhose data having detectable concentrations.
If the non-detected results were used in these calculatitnsie biases would invalidate many of the COV
calculations. The final analyses will further examine ississociated with different detection limits, multiple
laboratories, and varying analytical methods on the reporteltisrasd statistical analyses. Burton and Pitt
(2002), and the many included references in that book, contains fugbasgions on these important issues.

Figure 1. Communities from which data has been obta  ined and entered in the NSQD.

Table 2 is a summary of methylene chloride and bis(2-ethylhexylalpltéh the most commonly reported and
detected organic constituents. There were up to several hundresl i included PAH and pesticide data.
The percentage of samples that had observable concentrdtibaseconstituents ranged from 15 to 35%,
about the same detection rate as in previous stormwater intiestigauch as Pitet al. 1995.

Statistical analyses are being conducted in stages. First, prgbploié were used to identify range,
randomness, and normality. Figure 2 is an example of log-normal piigbplaits for some of the constituents
and for all data pooled. Probability plots shown as straight ilimkésate that the concentrations can be
represented by log-normal distributions. This is importantiagiitates that data transformations, or the use of
nonparametric statistical analyses, will be needed. Pldisabitious discontinuities imply that multiple data
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populations may be included. The future analyses will identéstgnificance of these different data
categories (such as land use, region, and season).

Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0

Cond. Hardness
Area Precip. Runoff (uS/cm (mg/L
(acres) % Imperv. Depth (in) Depth (in) @25°C) CaCO03)

Overall Summary (3770)

Number of observations 3756 2185 3187 1446 688 1083
% of samples above detection 100 100 100 100 100 98.6
Median 56.0 54.3 0.47 0.18 120 38.0
Coefficient of variation 3.6 0.4 1.0 2.0 1.8 14
Residential (1069)

Number of observations 1066 647 906 418 107 250
% of samples above detection 100 100 100 100 100 100
Median 57.3 37.0 0.46 0.12 96 32.0
Coefficient of variation 4.7 0.4 1.0 1.9 15 1.0
Mixed Residential (615)

Number of observations 612 277 438 217 106 157
% of samples above detection 100 100 100 100 100 98.1
Median 150.8 44.9 0.55 0.18 115 39.7
Coefficient of variation 2.1 0.3 0.8 14 1.2 1.2
Commercial (497)

Number of observations 497 258 415 134 66 139
% of samples above detection 100 100 100 100 100 100
Median 38.8 83.0 0.39 0.23 119 38.9
Coefficient of variation 1.2 0.1 1.0 1.2 1.0 1.1
Mixed Commercial (303)

Number of observations 303 237 276 106 40 80
% of samples above detection 100 100 100 100 100 98.8
Median 75.0 60.0 0.47 0.35 103 35.0
Coefficient of variation 2.1 0.3 0.9 1.1 0.6 1.8
Industrial (524)

Number of observations 524 317 436 202 108 138
% of samples above detection 100 100 100 100 100 96.4
Median 39.0 75.0 0.49 0.14 136 39.0
Coefficient of variation 1.6 0.3 1.0 2.7 1.3 15
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Oil and

Grease BODs

(mg/L) pH Temp. (C) TDS (mg/L) TSS (mg/L) (mg/L) COD (mg/L)
Overall Summary (3770)
Number of observations 1835 1668 864 2994 3396 3110 2758
% of samples above detection 71.8 100 100 99.5 99.6 96.2 98.3
Median 4.0 7.50 16.4 80 58 8.6 53
Coefficient of variation 10.1 0.1 0.4 25 1.8 1.6 1.2
Residential (1069)
Number of observations 524 319 205 861 985 935 791
% of samples above detection 64.5 100 100 99.2 99.7 97.6 98.6
Median 3.1 7.3 16.4 70.7 48 9 55
Coefficient of variation 8.0 0.1 0.4 2.0 1.8 15 1.1
Mixed Residential (615)
Number of observations 255 324 143 477 578 561 448
% of samples above detection 74.2 100 100 99.4 99.8 93.9 99.3
Median 4.0 7.50 16.0 86 68 7.7 42
Coefficient of variation 25 0.1 0.3 2.2 1.6 1.3 14
Commercial (497)
Number of observations 302 165 79 407 452 426 367
% of samples above detection 72.2 100 100 99.5 98.9 97.4 98.4
Median 4.7 7.30 16.0 77 43 11.9 63
Coefficient of variation 3.2 0.1 0.4 1.8 2.0 1.1 1.0
Mixed Commercial (303)
Number of observations 116 137 79 250 280 261 250
% of samples above detection 88.8 100 100 100 100 99.2 99.6
Median 4.0 7.60 15.0 69 54 9 60
Coefficient of variation 2.9 0.1 0.4 1.9 14 1.7 1.0
Industrial (524)
Number of observations 324 234 140 422 431 407 364
% of samples above detection 70.7 100 100 99.8 99.8 95.3 98.6
Median 4.0 7.50 17.9 92 77 9 60
Coefficient of variation 12.4 0.1 0.3 35 15 1.7 1.2
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Fecal Fecal Total Total E.

Coliform Strep. Coliform Coli

(mpn/100  (mpn/100  (mpn/10 (mpn/100 N02+NO3

mL) mL) 0mL) mL) NH3 (mg/L) (mg/L)
Overall Summary (3770)
Number of observations 1707 1143 85 67 1914 3087
% of samples above detection 91.2 94.0 90.6 95.5 71.7 97.4
Median 5081 17000 11000 1750 0.44 0.6
Coefficient of variation 4.61 3.8 24 2.3 3.6 1.1
Residential (1069)
Number of observations 440 300 14 595 923
% of samples above detection 88.2 89.0 100 81.3 97.6
Median 7750 24000 700 0.31 0.6
Coefficient of variation 5.1 1.8 1.6 1.1 1.3
Mixed Residential (615)
Number of observations 314 158 27 11 263 540
% of samples above detection 94.9 98.1 85.2 90.9 58.6 98.1
Median 11000 26000 5467 1050 0.39 0.6
Coefficient of variation 3.3 2.2 14 2.1 4.4 1.0
Commercial (497)
Number of observations 228 176 299 419
% of samples above detection 87.7 91.5 83.3 98.1
Median 4500 10800 0.50 0.6
Coefficient of variation 2.8 2.7 1.2 1.1
Mixed Commercial (303)
Number of observations 104 87 163 273
% of samples above detection 94.2 98.9 66.9 97.1
Median 4990 11000 0.60 0.6
Coefficient of variation 3.2 2.8 1.0 0.7
Industrial (524)
Number of observations 299 195 255 415
% of samples above detection 88.1 93.8 85.9 96.1
Median 2500 13000 0.50 0.7
Coefficient of variation 5.6 6.9 4.0 1.0
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Nitrogen,
Total Phos., Phos., As,
Kjeldahl filtered total Sb, total As, total filtered Be, total

(mg/L) (mg/L) (mg/L)  (ug/L) (ug/L) (ug/L) (ug/L)

Overall Summary (3770)

Number of observations 3199 2480 3283 876 1506 209 948
% of samples above detection 96.5 86.3 96.7 7.3 57.2 27.3 7.7
Median 1.4 0.12 0.27 3.0 3.0 15 0.4
Coefficient of variation 14 1.6 15 1.7 24 1.0 25
Residential (1069)

Number of observations 951 732 957 417 292
% of samples above detection 97.1 84.4 96.9 46.0 7.5
Median 1.4 0.17 0.30 3.0 0.5
Coefficient of variation 1.3 1.0 11 2.1 25
Mixed Residential (615)

Number of observations 529 411 557 176 88
% of samples above detection 95.8 83.5 96.2 79.0 12.5
Median 1.3 0.12 0.27 3.1 0.3
Coefficient of variation 1.9 1.1 1.7 3.9 2.7
Commercial (497)

Number of observations 443 317 440 207

% of samples above detection 97.5 81.7 95.9 33.3

Median 1.6 0.11 0.22 2.3

Coefficient of variation 0.9 1.3 1.2 3.2

Mixed Commercial (303)

Number of observations 261 222 273 80 123

% of samples above detection 96.9 95.1 98.6 12.5 64.2

Median 1.4 0.11 0.25 15.0 2.2

Coefficient of variation 0.9 2.1 15 1.0 1.0

Industrial (524)

Number of observations 442 327 437 162 264 202
% of samples above detection 96.4 87.2 96.3 15.4 58.0 10.9
Median 1.4 0.11 0.26 3.4 4.0 0.4
Coefficient of variation 1.2 1.2 14 14 14 25
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Cd, total Cd, filtered Cr, total Cr, filtered Cu, total Cu, filtered

(ug/L) (ug/L) (ug/l)  (ug/L) (ug/L) (ug/L)
Overall Summary (3770)
Number of observations 2582 388 1599 260 2728 411
% of samples above detection 49.6 30.4 71.6 60.8 87.9 83
Median 1.0 0.50 7.0 21 16 8.0
Coefficient of variation 28.2 11 15 0.7 2.2 1.6
Residential (1069)
Number of observations 707 426 790 90
% of samples above detection 35.5 56.1 83.7 63.3
Median 0.5 4.5 12 7.0
Coefficient of variation 1.7 14 1.8 2.0
Mixed Residential (615)
Number of observations 434 30 184 21 448 29
% of samples above detection 49.3 40.0 83.2 52.4 84.3 72.4
Median 0.8 0.30 7.0 2.0 17 55
Coefficient of variation 3.8 0.6 1.6 0.8 1.3 0.9
Commercial (497)
Number of observations 353 47 230 27 381 48
% of samples above detection 46.7 23.4 60.9 40.7 93.2 79.2
Median 0.9 0.30 6.0 2.0 17 7.6
Coefficient of variation 1.6 1.34 14 0.6 15 0.8
Mixed Commercial (303)
Number of observations 169 24 121 20 173 24
% of samples above detection 63.9 41.7 90.1 75.0 94.8 91.7
Median 0.9 0.40 4.5 2.0 17 9.5
Coefficient of variation 1.1 0.9 1.2 0.7 3.0 0.6
Industrial (524)
Number of observations 394 42 253 36 415 42
% of samples above detection 53.8 54.8 72.7 55.6 89.9 90.5
Median 2.0 0.60 14.5 3.0 22 8.0
Coefficient of variation 24 11 1.2 0.7 2.0 0.7

10
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Pb, total Pb, filtered Hg, total Ni, total Ni, filtered  Zn, total Zn, filtererd

(ug/L) (ug/L) (ug/ll)  (ugl) (ug/L) (ug/L) (ug/L)
Overall Summary (3770)
Number of observations 2955 446 1026 1435 246 3018 382
% of samples above detection 79.2 50.2 11.2 60.1 64.2 96.5 96.3
Median 16.0 3.0 0.20 8.0 4.0 116 52
Coefficient of variation 1.8 2.0 2.7 2.1 15 34 3.9
Residential (1069)
Number of observations 779 108 295 410 25 803 89
% of samples above detection 72.7 33.3 9.8 46.3 44.0 96.4 89.9
Median 12.0 3.0 0.20 5.4 2.0 73 33
Coefficient of variation 1.9 1.8 1.2 1.2 0.5 13 0.8
Mixed Residential (615)
Number of observations 515 30 105 133 25 532 28
% of samples above detection 80.4 46.7 16.2 63.9 72.0 92.5 100
Median 18.0 3.0 0.20 7.9 55 100 48
Coefficient of variation 14 0.7 1.0 0.8 0.9 1.0 0.9
Commercial (497)
Number of observations 371 59 154 227 23 386 49
% of samples above detection 87.1 54.2 7.1 61.2 47.8 99.0 100
Median 18.0 5.0 0.20 7.0 3.0 150 59
Coefficient of variation 1.6 1.6 0.8 3.8 0.8 1.2 14
Mixed Commercial (303)
Number of observations 226 24 91 16 225 23
% of samples above detection 89.8 79.2 80.2 81.3 98.7 100
Median 17.0 6.0 5.0 3.0 132 94
Coefficient of variation 15 0.6 1.3 0.6 1.7 0.7
Industrial (524)
Number of observations 411 51 208 248 36 432 42
% of samples above detection 78.9 52.9 13.0 63.3 58.3 98.8 95.2
Median 25.0 5.0 0.20 16.0 5.0 210 112
Coefficient of variation 1.8 1.6 2.7 1.2 14 2.3 3.6
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Cond. Hardness
Area Precip. Runoff (uS/cm (mg/L
(acres) % Imperv. Depth (in) Depth (in) @25°C) CaCO03)

Mixed Industrial (252)

Number of observations 252 133 226 117 58 83
% of samples above detection 100 100 100 100 100 94.0
Median 127.7 44.0 0.45 0.29 111 33.0
Coefficient of variation 2.0 0.3 0.8 1.2 0.8 0.5
Institutional (18)

Number of observations 18 18 17 14

% of samples above detection 100 100 100 100

Median 36.0 45.0 0.18 0.00

Coefficient of variation <0.1 0.2 0.9 2.1

Freeways (185)

Number of observations 185 154 182 144 86 128
% of samples above detection 100 100 100 100 100 99.2
Median 1.6 80.0 0.54 0.41 99 34.0
Coefficient of variation 14 0.13 1.0 1.7 1.0 1.9

Mixed Freeways (20)

Number of observations 20 20 13 12
% of samples above detection 100 100 100 100
Median 63.1 0.68 418 83
Coefficient of variation <0.1 0.6 0.6 0.3
Open Space (68)

Number of observations 68 34 60 22 23 28
% of samples above detection 100 100 100 100 100 100
Median 73.5 2.0 0.48 0.17 155 117
Coefficient of variation 1.8 1.3 1.1 1.3 0.7 0.6
Mixed Open Space (159)

Number of observations 159 89 158 61 62 50
% of samples above detection 100 100 100 100 100 100
Median 1154 34.0 0.43 0.12 215 55.0
Coefficient of variation 0.9 0.14 0.9 1.2 1.8 15
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Oil and

Grease BODs COD

(mg/L) pH Temp. (C) TDS (mg/L) TSS (mg/L) (mg/L) (mg/L)
Mixed Industrial (252)
Number of observations 80 180 71 224 244 220 218
% of samples above detection 96.3 100 100 100 100 95.0 98.6
Median 3.3 7.69 18.0 80 82 7.2 40
Coefficient of variation 2.2 0.1 0.4 24 14 1.7 1.1
Institutional (18)
Number of observations 18 18 18 18
% of samples above detection 100 94.4 88.9 88.9
Median 53 17 8.5 50
Coefficient of variation 0.7 0.83 0.7 0.9
Freeways (185)
Number of observations 60 111 31 97 134 26 67
% of samples above detection 71.7 100 100 99.0 99.3 84.6 98.5
Median 8.0 7.10 14.0 78 99 8 100
Coefficient of variation 0.6 0.1 0.4 0.8 25 1.3 1.1
Mixed Freeways (20)
Number of observations 15 19 19 17 17 17 17
% of samples above detection 100 100 100 100 100 100.0 100.0
Median 4.0 7.80 16.0 174 81 7.4 48
Coefficient of variation 1.6 0.06 0.3 0.4 1.2 0.7 0.5
Open Space (68)
Number of observations 33 34 23 62 61 62 59
% of samples above detection 75.8 100 100 98.4 96.7 85.5 76.4
Median 11.0 7.70 15.5 113 51 4.2 21
Coefficient of variation 14 0.08 0.24 0.7 1.9 0.7 1.8
Mixed Open Space (159)
Number of observations 73 107 55 125 151 142 123
% of samples above detection 82.2 100 100 100 100 99.3 99.2
Median 2.0 8.00 16.0 106 78 6.6 39
Coefficient of variation 25 0.07 0.3 2.3 14 24 15
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD Database, version 1.0 (continued)

Fecal Fecal Total Total E.

Coliform Strep. Coliform Coli

(mpn/100  (mpn/100  (mpn/10 (mpn/100 N02+NO3

mL) mL) 0mL) mL) NH3 (mg/L) (mg/L)
Mixed Industrial (252)
Number of observations 115 70 40 125 214
% of samples above detection 95.7 97.1 90.0 31.2 98.6
Median 3033 10000 12500 0.43 0.56
Coefficient of variation 25 2.6 24 0.7 0.7
Institutional (18)
Number of observations 18 18
% of samples above detection 88.9 100
Median 0.31 0.6
Coefficient of variation 0.5 0.6
Freeways (185)
Number of observations 49 25 16 13 79 25
% of samples above detection 100 100 100 100 87.3 96.0
Median 1700 17000 50000 1900 1.07 0.3
Coefficient of variation 1.9 1.2 15 2.2 1.3 1.2
Mixed Freeways (20)
Number of observations 16 12 14
% of samples above detection 81.3 93.8 100
Median 730 19000 0.6
Coefficient of variation 2.0 1.1 0.7
Open Space (68)
Number of observations 37 37 35 58
% of samples above detection 94.6 94.6 22.9 88.5
Median 3100 24000 0.30 0.6
Coefficient of variation 2.9 2.6 1.1 0.86
Mixed Open Space (159)
Number of observations 75 55 65 150
% of samples above detection 97.3 100 20.6 97.3
Median 3249 21000 0.51 0.7
Coefficient of variation 2.1 2.3 1.17 0.94
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD Database, version 1.0 (continued)

Nitrogen,
Total Phos., Phos., As,
Kjeldahl filtered total Sb, total As, total filtered Be, total

(mg/L) (mg/L) (mg/L)  (ug/L) (ug/L) (ug/L) (ug/L)

Mixed Industrial (252)

Number of observations 197 215 217 101
% of samples above detection 98.0 89.3 96.3 90.1
Median 1.0 0.08 0.20 3.0
Coefficient of variation 15 2.2 15 1.0
Institutional (18)

Number of observations 18 17 17

% of samples above detection 100 82.4 94.1

Median 1.4 0.13 0.18

Coefficient of variation 0.5 0.5 1.0

Freeways (185)

Number of observations 125 22 128 61 72
% of samples above detection 96.8 95.5 99.2 55.7 50.0
Median 2.0 0.20 0.25 2.4 1.4
Coefficient of variation 14 2.1 1.8 0.7 1.1
Mixed Freeways (20)

Number of observations 16 13 14 15

% of samples above detection 100 100 100 80

Median 1.6 0.04 0.26 3.0
Coefficient of variation 0.9 0.8 0.8 0.7

Open Space (68)

Number of observations 62 61 63 33

% of samples above detection 79 82 88.9 75.8

Median 0.6 0.08 0.25 5.0
Coefficient of variation 1.0 1.2 3.6 1.2

Mixed Open Space (159)

Number of observations 121 125 150 65

% of samples above detection 95.8 94.4 99.3 84.6

Median 1.2 0.09 0.27 4.0
Coefficient of variation 1.3 1.08 1.0 0.8
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Cd, total Cd, filtered Cr, total Cr, filtered Cu, total Cu, filtered

(ug/L) (ug/L) (ug/l)  (ug/L) (ug/L) (ug/L)
Mixed Industrial (252)
Number of observations 183 25 124 15 183 24
% of samples above detection 66.7 92.0 93.5 66.7 88.0 100.0
Median 1.0 0.60 8.0 2.0 17 6.0
Coefficient of variation 10.9 0.6 1.7 0.7 0.9 0.6
Institutional (18)
Number of observations
% of samples above detection
Median
Coefficient of variation
Freeways (185)
Number of observations 95 114 76 101 97 130
% of samples above detection 71.6 26.3 98.7 78.2 99.0 99.2
Median 1.0 0.68 8.3 2.3 35 10.9
Coefficient of variation 0.9 1.0 0.7 0.7 1.0 15
Mixed Freeways (20)
Number of observations 15 15 17
% of samples above detection 80 100 94
Median 0.5 6.0 8.5
Coefficient of variation 0.7 1.1 1.1
Open Space (68)
Number of observations 55 50 56
% of samples above detection 65.4 60 84
Median 0.5 5.0 53
Coefficient of variation 1.7 2.1 2.2
Mixed Open Space (159)
Number of observations 102 65 100
% of samples above detection 51 87.7 93
Median 1.0 5.0 11
Coefficient of variation 1.9 15 15
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Table 1. Summary of Available Stormwater Data Inclu  ded in NSQD, version 1.0 (continued)

Pb, total Pb, filtered Hg, total Ni, total 1[\illlt‘ered Zn, total ﬁl?érerd
(ug/L) (ug/L) (ug/l)  (ugll) (ug/l)  (ug/lL)  (uglL)
Mixed Industrial (252)
Number of observations 247 25 65 82 15 247 24
% of samples above detection 82.6 92.0 215 85.4 100.0 98.4 95.8
Median 18.5 5.0 0.25 9.0 5.0 160 2100
Coefficient of variation 15 1.0 0.6 0.9 0.6 3.3 1.2
Institutional (18)
Number of observations 18 18
% of samples above detection 77.8 100
Median 5.8 305
Coefficient of variation 0.8 0.8
Freeways (185)
Number of observations 107 126 99 95 93 105
% of samples above detection 100 50.0 89.9 67.4 96.8 99.0
Median 25 1.8 9.0 4.0 200 51
Coefficient of variation 15 1.7 0.9 14 1.0 1.9
Mixed Freeways (20)
Number of observations 17 17
% of samples above detection 82 100
Median 10.0 90
Coefficient of variation 0.9 0.9
Open Space (68)
Number of observations 62 62
% of samples above detection 62.9 79
Median 5.0 39
Coefficient of variation 2.0 1.3
Mixed Open Space (159)
Number of observations 150 50 152
% of samples above detection 76 84 97.9
Median 10 7 100
Coefficient of variation 2.3 1.2 1.0
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Table 2. Summary of Selected Organic Information in NSQD, version 1.0

Bis(2-
Methylene- ethylhexyl)
chloride ( ug/L) phthalate ( pug/L)

All Data Combined

Number of observations 251 250
% of samples above detection 36 30
Median of detected values 11.2 9.5
Coefficient of variation 0.77 1.13

2.2. Data Relationships

The master data set will also be evaluated to develop pgerstatistics, such as measures of central
tendency and standard errors. The runoff data will then be evatoadetermine which factors have a strong
influence on event mean concentrations, including samplitigonie. Tests for regional and climatic
differences will be conducted, including the influences of laedamsl the effects of storm size, among other
factors. Figure 3 includes example scatter plots of COD vs.sB&bBmonia vs. TKN, filtered copper vs. total
copper, and filtered zinc vs. total zinc, illustrating closetiaiahips between these pairings, as expected.

Figure 4 shows scatter plots of suspended solids, phosphorus, fdoattspland total zinc concentrations for
different rain depths. Little variation of these concentratioith rain depth are seen when all of the data are
combined, implying little likelihood of important “first-flush” ef€ts at stormwater outfall locations. If a first-
flush was evident, one would expect higher concentrations a&sbeidh smaller rain depths (see Maestte,
al. 2003 for more detailed analyses of first-flush effects ugiadNSQD database information).

Figure 5 contains examples of grouped box and whisker plots for kewestituents for different major land
use categories. The TKN, plus copper, lead, and zinc observatidogvase for open space areas, while the
freeway locations generally had the highest median sakieept for phosphorus, nitrates, fecal coliforms,
and zinc. The industrial sites had the highest reported zinc moaitbiens. Preliminary statistical ANOVA
analyses for all land use categories (using SYSTAT) foundfisigmi differences for land use categories for
all pollutants. The final analyses will further investegétis important finding and will also examine possible
confounding factors.

The seasonal variations for the example residential data shdvigiuire 6 are not as obvious, except that the
bacteria values appear to be lowest during the winter seasorgéiedthduring the summer and fall (a similar
conclusion was obtained during the NURP, EPA 1983, data evaluationsyatdbask does not contain any
snowmelt data, so all of the data corresponds to rain-related.runof

Figure 7 presents example plots for selected residentabata for different EPA rain zones for the country.
Zones 3 and 7 (the wettest areas of the country) had the lowest conmesfi@timost of the constituents.

Trends of concentrations with time will also be examined. Asidakexample is for lead, which would be
expected to decrease over time with the increasing use afdedl@asoline. Older stormwater samples from
the 1970s typically had lead concentrations of aboutu®@0, or higher, while most current data indicate lead
concentrations in the range of 1 tol dd@L.
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Figure 3a. Example scatter plots of stormwater data (line of equilivent concentration shown).
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Figure 3b. Example scatter plots of stormwater data (line of equilivent concentration shown) (continue d).
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Figure 4a. Example scatter plots of concentrations vs. rain depth.
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Figure 4b. Example scatter plots of concentrations vs. rain depth (continued).
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Figure 5a. Example stormwater data sorted by land u  se (no mixed land use data included in plots).
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Figure 5b. Example stormwater data sorted by land u  se (no mixed land use data included in plots)
(continued).
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Figure 5c. Example stormwater data sorted by land u
(continued).

se (no mixed land use data included in plots)
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Figure 5d. Example stormwater data sorted by landu  se (no mixed land use data included in plots)
(continued).
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Figure 6a. Example residential area stormwater poll  utant concentrations sorted by season.

28



Stormwater and Urban Water Systems Modeling Conferémddodels and Applications to Urban Water
SystemgsVol. 12 (edited by W. James). CHI. Guelph, Ontario, pp. 257 — 294. 2004.

107

106_

—_

o
w
1

—

o
T
1

colonies/100mL)

(

—

(=}
3
1

i
i

Fecal Coliforms
E
o®moe
© conmumnmn X X

®
100 4 °
10'1 T T T T
& & @ &
R & N
10*
10 - ¢ °
) s .
E t
g
g 102 4
[e]
&)
«
o]
|_
101 .
[ ]
100 . * : »
e & » &
& & X
o 5 « o

Figure 6b. Example residential area stormwater poll  utant concentrations sorted by season (continued).
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Figure 7b. Example residential area stormwater poll  utant concentrations sorted by geographical area.

31



Stormwater and Urban Water Systems Modeling Conferémddodels and Applications to Urban Water
SystemgsVol. 12 (edited by W. James). CHI. Guelph, Ontario, pp. 257 — 294. 2004.

102

-
=
1

%
t

Total Phosphorus (mg/L)
=

-
e
1

[]

L]

i .
10'2 T T T T L T & T T
One Two Three Four Five Six Seven Eight Nine

EPA Rain Region

+h
J'it

107
®
¢ °
—~ 108 - ' [
— ]
g i
g 105 4 * @
o
| |t T
2 104
[e}
L
w
g 103 -
S J‘ i
= T
3 10 - s * hd )
. ' *
[T 101 _ . °® ® [ ]
[ ] L ]
100 T T T T T . T 1

One Two Three Four Five Six Seven Eight Nine
EPA Rain Region

Figure 7c. Example residential area stormwater poll  utant concentrations sorted by geographical area
(continued).
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Figure 7d. Example residential area stormwater poll  utant concentrations sorted by geographical area
(continued).
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3. SAMPLING GUIDANCE FOR STORMWATER MONITORING

A number of sampling issues can be statistically investigataed ts¢ information contained in the NSQD.
The following discussion is a summary of the types of monitayindance that can be developed and refined
using the database information.

3.1. Numbers of Samples Needed

An important aspect of any research is the assurance thstrtipdes collected represent the conditions to be
tested and that the number of samples to be collected are sutficigovide statistically relevant conclusions.
An experimental design process can be used that estirhategrhber of needed samples based on the
allowable error, the variance of the observations, and the defgceafidence and power needed for each
parameter. The number of samples needed is therefore dependkatobjectives of the data
(characterization, comparison, trends, etc.), the variation obtieeatrations in the category being
investigated (typically described by the coefficient of atmn, or the ratio of the mean to the standard
deviation), and the allowable errors (the confidence and the power).

A basic equation that can be used to estimate the number of sampleracterize a set of conditions (given
in Burton and Pitt 2001) is as follows:

n = [COV(Z.q + Zyp)l(error)F
where:
n = number of samples needed

o= false positive rate (f-is the degree of confidence. A valuenobf
0.05 is usually considered statistically significant, corresponding to
a 1-a degree of confidence of 0.95, or 95%.)

3= false negative rate (s the power. If used, a value®bf 0.2 is
common, but it is frequently and improperly ignored, correspondindgtof®.5.)

Z14 = Z score (associated with area under normal curve) correspdnding
1-a. If ais 0.05 (95% degree of confidence), then the
corresponding Z, score is 1.645 (from standard statistical tables).

Z, 3= Z score corresponding toflvalue. Ifp is 0.2 (power of 80%), then
the corresponding.4 score is 0.85 (from standard statistical

tables). However, if power is ignored ghiés 0.5, then the
corresponding Zg score is 0.

error = allowable error, as a fraction of the true value ofrtban

COV = coefficient of variation (sometimes noted as CV)sthedard deviation
divided by the mean (Data set assumed to be normally digilifput

This equation assumes a normal distribution of the data, whiatdwequire a log transformation of most

stormwater quality data. If an allowable error of about 25% isetkand the COV is estimated to be 0.4, then
about 20 samples would have to be analyzed. The samples could beitednmod a single analysis

34



Stormwater and Urban Water Systems Modeling Conferémddodels and Applications to Urban Water
SystemgsVol. 12 (edited by W. James). CHI. Guelph, Ontario, pp. 257 — 294. 2004.

conducted, but this would not allow the COV assumption to be confirmed, acttred confidence range of

the concentration to be determined. The use of stratdiedlam sampling can usually be used to advantage by
significantly reducing the COV of the sub-population in the stratpjiring fewer samples for

characterization.

3.11. Typical Number s of Samples Needed for a Basic Stor mwater M onitoring Program

The COV values for many constituents shown in Table 1 for the NRIaEBase range from unusually low
values of about 0.1 (for pH) to highs between 1 and 2. There are a few Q¥ tlzt are larger. One
objective of a data analysis procedure is to categorize thentdatseparate stratifications, each having small
variations in the observed concentrations. The only stratdicati Table 1 is land use. However, Figure 6
shows some differences by season and Figure 7 shows many differggeegtaphical area. It is expected
that the final data analyses for this project will idigrageparate stratifications of data (possibly considgttie
combination of land use, geographical area, and season factom)ifioantly reduce the variations in each
category. It is expected that COV values in the range of 0.5 to 1.0 will bmaoifor many of these data
stratifications. With a reasonable confidence of 96% @.05) and power of 8098€ 0.20), and a common
allowable error of 25%, the number of samples needed to charaateriditions would likely range from
about 25 to 50. If only 12 samples are obtained for each category (stetd)pwvable errors would range
from about 50% to 100%. Burton and Pitt (2001) present many additional expetidesign equations and
plots for other data quality objectives, including the affef log transforming the data for more appropriate
sampling effort approximations. In many cases, the actuakamrgresenting data are larger than expected,
due to relatively small numbers of samples. A continuing monitoriogram (such as the Phase | stormwater
NPDES permit monitoring effort) will result in better data asarsamples are obtained with time.

3.2. Detection Limits of Analytical Methods

The NSQD can also be useful when selecting analytical metfibdse are many important factors that must
be considered when selecting an analytical method (availabiity, detection limit, repeatability, safety and
disposal problems, comparisons with historical data, etc.), dutdtection limit is likely most important when
ensuring the suitability of the data. In many cases, analytietiiods are used that have detection limits that
are actually larger than a criterion value, making accenateedence frequencies impossible (Burton and Pitt
2001).

Environmental researchers need to be concerned with many ardafutumerous analytical methods when
selecting the most appropriate methods to use for analyiesimtamples. The main factors that affect the
selection of an analytical method include: cost, reliabiltig (data quality objectives,” or DQO which
includes sensitivity, selectivity, repeatability), and safetgstbf these issues are not well documented in the
literature for environmental sample analyses. Aspects bftanaa reliability have received the most attention
in the literature, but most of the other aspects noted abovenbaiseen adequately discussed for the many
analytical alternatives available. It is therefore diffidalta water quality analyst to decide which methods to
select, or even if a choice exists.

The selection of the appropriate analysis procedure is dependdet wse of the data and how false negatives
or false positives would affect water use decisions or ragylgtiestions. The QA objectives for the method
detection limit (MDL) and precision (RPD) for the compounds ofresehave been shown to be a function of
the anticipated median concentrations in the samples€Pét,1993). The MDL objectives should generally
be about 0.25, or less, of the median value for sample sets having tgpicahtration variations (COV values
ranging from 0.5 to 1.25), based on many Monte Carlo evaluations to examiatethef false negatives and
false positives. Table 3 lists the typical median stormwateffgonstituent concentrations and the associated
calculated MDL goals, for a typical stormwater monitoringeob

Using analytical methods having these detection limits, at, dlsresult in relatively few “non-detected”
values. In most cases, analytical methods are available thaas#ynmeet these goals. However, common
problems are associated with some of the heavy metals, as oasthntaboratories use ICP (inductively-
coupled plasma) instruments that are capable of analyzing a brgadofanetals simultaneously, but may not
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be able to meet these detection limit goals. When dissolved fofrthe heavy metals need to be analyzed, the
detection limits must be much smaller.

Table 3. Example QA Objectives for a Stormwater Cha  racterization Project

Constituent Units [Typical COV Typical Estimated MDL
category 1 Median Conc. Goal
Turbidity NTU low 5 4
COD mg/L medium 50 12
suspended solids mg/L medium 50 12
nitrates mg/L low 0.6 0.4
chromium pg/L medium 7 1.5
copper ug/L medium 15 3.5
lead ug/L medium 15 3.5
nickel pg/L medium 10 2.3
zinc pg/L medium 100 23
1,3-dichlorobenzene pg/L medium 10 2
benzo(a) anthracene pg/L medium 30 8
bis(2-ethylhexyl) phthalate ug/L medium 10 2.3
butyl benzyl phthalate ug/L medium 15 3
fluoranthene pg/L medium 6 1.4
pentachlorophenol pg/L medium 10 2
pyrene pg/L medium 5 1
lindane and chlordane pg/L medium 1 0.2
1 COV value: Multiplier for MDL

<0.5 (low) 0.8

0.5 to 1.25 (medium) 0.23

>1.25 (high) 0.12

from: Burton and Pitt 2001

The NPDES stormwater database can be used to indicate the tikeBntrations of interest for conditions
similar to those that will be monitored. These expected valieea good start in determining the needed
detection limits.

3.3. Sampling Methods

Details for all monitoring locations are desired for the datebBasic information (land use, season,
geographic location, and if the sample is a first-flush or a compasitpls) is available for all events in
NSQD, and relatively complete site and monitoring descriptiansaailable for about 1/3 of the events. This
data includes sampling methods (automatic samplers vs. many@gésgmanufacture and model of sampler;
etc.). Investigations of how these factors may influence thataring results will be made, as illustrated in
the initial evaluation of first-flush vs. composited samples. Tieets of automatic vs. manual sampling will
also be examined when sufficient information has been collectedetample of a previous investigation on
stormwater sampling methods was conducted by Roa-Espino&aandrman (1995). They collected
samples from five industrial sites using different monitormejhods. They concluded that many time-
composited subsamples combined for a single analysis can phoyid®e/ed accuracy compared to fewer
samples associated with flow-weighted samplers, and espeamaliyared to samples only taken during a
portion of an event.
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4. CONCLUSIONS

A major goal of this project is to provide guidance to steaber managers and regulators. Especially
important will be the use of this data as an updated benchmardrfmacison with locally collected data.
These comparisons will enable local monitoring data to bepaped to typical values that should be expected
for similar situations. If the local stormwater quality is sfigaintly worse than expected, then it may be
possible to quantify a treatment goal that should be attainable. tioadthis data may be useful for
preliminary calculations when using the “simple method” fodjaténg mass discharges for unmonitored
areas. This data can also be used as guidance when designing taoahsto monitoring programs (Burton
and Pitt 2002), especially when determining the needed samplorgleted on expected variations. The final
data analyses will expand on these preliminary exampbksviiralso investigate other stormwater data and
sampling issues.

4.1. Suggested Role for Continued Stormwater Monitoring

The current data and information contained in NSQD indichtepdtential value that a completed database
(containing most of the NPDES stormwater data) can provideeXdwlent U.S. national coverage, along
with the broad representation of land uses, seasons, and atbes,fanakes this information highly valuable
for numerous basic stormwater management needs. Monitorihgnavspecific objective, except for general
characterization in an area, is not likely to provide any additiaiak beyond the data and information
contained in NSQD. After a sufficient amount of data has beésctedl by a Phase 1 community for
representative land uses and other conditions, outfall chdaratiten monitoring resources should be re-
directed to other specific data collection and evaluatiodsadgurton and Pitt (2001) provide much additional
information on determining an adequate outfall monitoring pnogiSimilarly, communities that have not
initiated a stormwater monitoring program (such as the PhadBeJES small communities) may not require
general characterization monitoring (monitoring is not spedificequired as part of the Phase Il regulations),
if they can identify a regional Phase | community that has cochpittensive monitoring data as part of their
required NPDES stormwater permit. Obviously, there will be somat&ihs that are not well represented in
NSQD and additional characterization monitoring may be wtrda These situations will be identified in the
final data analyses.

This is not to say that stormwater quality monitoring has reaslpart of a stormwater management program.
Burton and Pitt (2001) present extensive examples and procethangsig the importance of a balanced
monitoring program. This publication is available from CRC Pressaasdsion is available at:
http://civil.eng.ua.edu/~rpitt/Publications/BooksandRep8ttsmwater¥%20Effects¥%20Handbook%20by%20
%20Burton%20and%20Pitt%20book/MainEDFS _Book.html

Stormwater quality monitoring is a crucial component of local progr&pecific objectives for these include:

» Receiving water assessments to understand local problenesviRgavater monitoring is needed to identify
local problems, especially when identifying beneficial use impaits. Assimilative capacity calculations
(TMDLs) require knowledge of local source discharges. The NS@attel information can be used for
preliminary designs and cost estimates, but it is also impiotd invest a small amount of resources to
accurately determine local discharge conditions before exqgeosntrols are designed.

» Source area monitoring to identify critical sources. In masgs;asource area controls may be more cost-
effective than regional controls. The identification of crite@urce areas is therefore needed as part of a
comprehensive stormwater management program. Monitoringweitbiitical drainage area should be
conducted to identify the sources of pollutants, while simultanedtadlauonitoring is needed to verify these
source area measurements.

« Treatability tests to verify performance of stormwatettrai® for local conditions. In areas where

stormwater controls are being installed, local measurements ofparice are a good investment. Before and
after monitoring, or parallel monitoring, is usually needetheéasure the performance of many types of
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stormwater controls. The ASCE National Stormwater BMP datab#ége/(vww.bmpdatabase.o)gé a good
place to start in predicting the performance of controlssiberspecific validations in an area where the
controls have not been previously used should be conducted.

» Assessment monitoring to verify success of stormwater mamagepproach. Stormwater quality
monitoring is a critical component of an assessment monitoring.eRfeceiving water monitoring needs to
focus on beneficial use impairments, and associated cHeptigaical, and biological monitoring. In many
cases, source area or outfall controls are being used as part obengive management programs.
Therefore, outfall monitoring may also be needed.
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