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TABLE1
DESCRIPTION OF MONITORING STATIONS
No. of Stations Dralosge Ares fmpervious Cover . No. of Storms
Watershed Dscription Monitored (acres) . (%) Adequately Sempled
Size:
Large Witenbed 12 1416 - 79360 3. 47 7. 028
Small Wazenhod a7 1. m 3. 097 7- 39
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This paper presents methods for quantifying urban development conditions - E:..w..ﬂu«u« . 5. 7am - 0.
and characterizing the impact of urbanization on storm water pollution. Based on Suburban 1s 1- 382 12- 3 M
data collected by the City of Austin (COA), it was found that storm water pollutant : ww.._-._a.. -5 301 - 79360 1. % 7. 20

mean concentrations can be- correlated with development indices and watershed »

sizes. Use of the arithmetic mean of event mean concentrations (EMCs) to
characterize storm water pollution may lead to biased results if the EMC data set is
not large enough or not carefully reviewed.

Introduction

The City of Austin (COA) has had several storm water monitoring programs
since 1975, The objectives of the programs are to evaluate the impacts of urban

* 29 menitoring stations listed by waterbed size, land-ase, and watershed type.

TABLE2

STATISTICS FOR THE REGRESSION* OF INSTANTANEOUS
CONCENTRATIONS ON STORMWATER RUNOFF FLOW RATES

development on storm water pollution and to identify Best Management Practices Pol Parsmesery
(BMPs) for mitigating these impacts. Based partiaily on the findings (COA, 1984) Waterahed Drainage Ares  imp. Cover . 8 »qoa a:hz pd. ,
of the monitoring programs, the City has implemented a series of watershed e = et EErE— ——
ordinances (COA, 1986-92) and protection programs. Walns Ck @ Webberville Rd. 14,272 25 0.43 042 0.08 020

Funded by the City's Drainage Utility (COA, 1992}, the COA cumently has Sboal Creek @ 12th SL 7.808 a1 0.67 0.33 0.3 035
two storm water monitoring programs (COA, 1993). One program is establishing a .
network of forty-five (45) runoff monitoring stations to test land use and structural s@a Crek @3t Sh 1416 “ 0.63 018 034 053
BMPs. The other program monitors in-stream storm water quality at eleven (11) Hant Lane @ NW Auttin n 39 0,30 0.01 0.02 0.09
creck locations through a COA/USGS (U.S. Geological Survey) cooperative
project. Of these fifty-six (56) stations, data for twenty-nine (29) stations were Lost Creek @ SW Austin 160 27 030 002 0.04 0.29
m...E_mEn.mo_. this study and are mros_:. in A.N_.Em 1. This study E.cuomnm.aoao%. to Creek Square Mal & g8 02 0.007 0.001 0.02
characterize urban storm water pollution using concentration data and information
generated from previous COA studies. Lavaca 51 ’ t4 97 035 b.ooo? 0.06 0.23
1Staff members of Environmental and Conservation Services Depantment, City of Austin,

" A pormal emor rgrestion mpreseny G = 2,01 . where C is instant Qisthe Forresp ding

Texas 78701; 2President, Crespo Consulting Services, Inc., Austin, Texas 78759 (former a )
Cit of Austin en ineerin mﬂmmn.v oW i_n.,-._._n a,and h., are regression coefficients, , ,
¥ 14 g . - ** Resquare i1 he coelficient of dewcrmmation. Bold Resquare vaives indicate 8 ugnificant regreasion.
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Previous COA studies (COA, 1990) on storm water pollution indicated that for
most of the runoff pollutant parameters, there is no significant difference in the
average event mean concentrations between residential and adequately-maintained
commercial sites. However, some differences exist between undeveloped,
residential, and less-maintained commercial sitas. The average EMCs for large,
mixed land-use, creek basing are generally greater than those of small, single land-use
watersheds. Most of the City's creeks are affected primarily by storm water pollution
because there are few significant point sources. In order to compute runoff pollutant
loads, a relationship between basin runcff coefficient (Rv, the ratio of the average
annual runoff to average annual rainfall depth) and percent impervious. cover was
developed, This relationship can be described by 2 quadratic polynomial equation
{COA, 1992). The equation was substantiated by additional data from this study, In
general, a linear approximation of the runoff coefficient versus imperviousness
relationship tends to overestimate Rv values, especially for low impervious cover
sites. For any low to medium impervious cover site, the single event runoff
coefficient generally increases with increasing depth of storm rainfall, The average
Ry for this site should not be calculated as the arithmetic mean of all Rv valuss
unless there is a sufficient number {to be described later) of these values. Gilbert
{Gilbert, 1987) suggested that the arithmetic mean may be a biased estimation of the
population mean if the coefficient of variation of the data is greater than 1.2,

ﬁm.ﬂ m< -HH

Mean concentration (MC): MC is either the arithmetic mean of event mean
concentrations or the flow-weighted mean of instantaneous concentrations for a
pollutant parameter for any specific watershed. Flow-weighted mean is the flow-
volume weighted average of instantaneous concentrations noﬂnmﬁg&:m to different
classes of runoff flow rates (to be further explained).

Percent impervious cover (IC): IC is the ratio of gross impervious area in a
watershed to the drainage area of the watershed, expressed as a percentage of the
drainage area.

Undeveloped sitz: (UNDS): UNDS is a basin or watershed in which little area
has been disturbed by human activity, The ground of the basin is mostly covered by
natural vegetation.

Development index (DI): DI is a quantity that represents onc or any
combination of three variables, including percent impervious cover, land use index,
and watershed type index. Land use is classified into five types: undeveloped; single

_family residential (SF); office or multi-family residential (MF); commercial and
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industrial (Com/Ind); and roadway. Watershed type means the degree of cleanliness
which is determined mainly by the age of roads and structures, and the housekeeping
practices in the area. In addition, it may also be identified by the watershed's relative
location in the metropolitan area. For the Austin area, the watershed-types are
urban, suburban, or rural watershed which correspond to the definitons used in
Austin's Comprehensive Watershed Ordinance (COA, 1986).

“ sons for a Specific i

The use of the average of event mean concentrations {EMCs) for
characterizing storm water pollution for a specific site may lead to biased results if
the EMC data are not carefuily reviewed and treated. Primarily, it is important to
determine whether or not the EMC values represent the average concentrations of
the corresponding storm runoff. The majority of the runoff volume (e.g., 80% or
more) from a rainfall event should be sampled in order to provide sufficient data for
the estimation of an EMC. For any monitored reinfall event, the number of samples
should range from three (3) to as many as sixicen (16) depending on the complexity
of the hydrograph. An EMC value should not be used if the sampling does not cover
the full range of the hydrograph. Secondly, the flow measurement system should be
designed carefully and the quality of the data thoroughly reviewed. The
measurement of flow in a storm drain system is fairly difficult considering the
changing flow conditions during a storm. Inaccurate discharge values can result in
erroneous flow volume calculations, which will impact the EMC estimation for the
storm.  Finally, the flow-weighted mean concentration (FWMC) can be computed as
a verification. The FWMC should be approximately the average of EMCs if there is
sufficient flow and instantansous concentration data. In order to calculate the
FWMC, the flow rate of ranoff should be divided into several classes (e.g., 0.003-
0.3, 0.31-1.50, 1.51-3.00, and 3.01-9.00 cubic meter per second). Corresponding to
each flow rate class, there is a concentration value and a measurement of percent
volume of the average annual flow. The FWMC is the sum of the products of the
concentration valaes and the percent volumes of the average annual flow,

If the average of the EMCs is used to represent watershed mean
concentrations, the number of the sampled events should be sufficient to cover the
entire range of rainfall classifications. As shown in Figure 1, EMC values decrease
with an increase in storm renoff volume. This relationship is not clearly shown
unless the number of sampled evenis are sufficient and the corresponding EMC
values are grouped. Also, the EMC values may be dependent on build-up conditions
at the onset of minfall events, Based on the SWMM Manual (U. of Florida, 1988),
a COA study (COA, 1994) derived the relationship between load and the number of
dry days for specific land uses. As shown in Figure 2, the total suspended solids
{TSS) load accumulated at a roadway site is significantly related to the number of dry
days before a storm, although there is considerable scatter in the data.
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The EMC values can also vary with the runoff flow rates during rainfall events
since the instantaneous concentration for some parameters is related to the tlow rate
(Table 2). The relationship tends to increase with the increase in of drainage area,
and is probably the result of increases in peak flow in relation to both drainage area
and growing urbanization, The increases in peak flow typically result in increased
channel and bank erosion (COA/ECSD, 1992; Schucler, 1987). If the relationship
between instantaneous concentration and flow rate is significant, the mean
concentrations of a site should be represented by the flow-weighted mean
concentrations. The average EMCs can represent the site mean concentrations only
if the EMCs were computed from a sufficient number of storms which cover the full
range of flow rates. .

For the Austin area, a storm water monitoring period should generally run
between two (2) to four (4) years in order 1o adequately represent the entire range of
classifications of rainfall events. Typically this would provide about twenty to thirty
(20-30) EMCs. To ensure accurate representation of the different classifications of
storm event, the number of dry days before a storm should be divided into a
minimum of two (2) classes (e.g., less or equal than two dry days and greater than
two dry days) and the size of storm divided into 2 minimum of three classes (e.g.,
less or equal thar 1.90 cm, 1.91 to 4.50 cm, and greater than 4.5 cm), Therefore the
nurber of combinations of these two factors (the number of dry days and the size of
storm) is six (2 x 3). Considering that a minimum of three replicates is needed for
each class of events, the number of adequately-sampled events should be at least
eighteen (18). For the minfall conditions in the Austin area, this will require a
minimum of two (2) years of monitoring to satisfy. Because of the difficulty of
maintaining end operating a large number of monitoring stations, and the potential
for drought conditions to occur during the sampling period, this minimum tme
requirement of two years is typically not sufficient. Therefors it is prudent to plan
for storm water monitoring over at least a three (3)-year period.

The development index (DI} represents watershed development conditions
which can be quantified using one or any combination of three variables: percent
impervious cover, land-use index (LI}, and watershed-type index (WTI). In. this
study, DI is assumed to be a linear combination of LI and WTI. The following is an
example of computation for obtaining DL

Develop 2 matrix of mean concentration (MI) values for the
Given five (5) pollutant

Step one:
relationship of land-use types to pollutant parameters,
parameters, the matrix is as follows:
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Land-use 18§ TOC NO3 IKN IE
Undeveloped 77 7 013 032 004
SF Residential 151 12 070 1.60 0.28
MF Res./Office 97 14 063 176 038
Com./Ind. 216 14 061 224 046
Roadway 320 25 040 120 022

Step two: Standardize all mean concentration values to a dimensionless
variable which has a randomly-assigned arithmetic mean and standard deviation (in
this example, M = 3, and § = 1.58) for a series of numbers 1, 2, 3, 4, and 5). Using
SAS STANDARD procedure (SAS Institute, 1987), the standardized mean
concentration is

Stan MC = [(MC-MC)/ 6, J[S]+M (1]

where MC is the arithmetic mean of MC values for the five land use types for each of
the five pollutant parameters, and O, is the standard deviation of these five MC
-values. Corresponding to the MC matrix above, the standardized MC matrix is:

Land-use ISS TOC NO3 IEN IE  Ave
Undeveloped 147 123 052 038 0.68 0.0
SF Residential 267 . 242 4338 339 306 318
MF Res./Office 1.80 285 395 374 399 3127
Com./Ind. 370 294 379 479 482 400
Roadway 537 555 236 251 244 365

The values in the matrix above are the land-use indices for each pollutant parameter.
The values in the column labeled "Avg." are the overall land-use indices for each of
the land-use types.

Step three: The watershed-type index (WTI) can be derived in the same
manner as steps 1-2.  In this case the matrix of MC values consists of watershed
types (rural, suburban, and Urban) and pollutant parameters,

Step four:  Assuming the development index is a linear combination of LI
and WTI in.the following form:

DI = (LI + WTD/2, 2]
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then the development index of a watershed can be computed for each of the pollutant
parameters in the matrix.

Assessine Storm Water Polluti

The values of mean concentrations and development indices for several pollutant
parameters and for all twenty-nine monitoring sites were computed. The pollutant
parameters evaluated using local data are total suspended solids (T93), chemical
oxygen demand (COD), 5-day biochemical oxygen demand (BODS), total organic
carbon (TOC), total phosphorus (TP), total nitrogen (TN), nittite plus nitrate
(NO2+NO3), total kjeldahl nitrogen (TKN), ammonia (NH3), total lead (TPb), fecal
coliform (Fe. Col.), and fecal streptococei (Fe. Stp.). These are standard parameters
considered in assessing non-point source pollution from storm water (EPA, 1983;
Shueler, 1987).

Mean concentrations for some parameters such as TP, TKN, TN, COD, and TPb
can correlate well with the development indices. As shown in Figure 3, the TP mean
concentration for any specific watershed in the arca can be reasonably estimated from
the development condition of the watershed, ie., the land-use index and the
watershed-type index of TP, Additionally, the percent watershed imperviousness is’
also an adequate index for estimating mean concentrations for the above mentioned
pollutant parameters. On the other hand, regressions of mean concentrations on
development indices for other parameters are less significant. As shown in Figure 4,
the mean concentration values of nitrite plus nitrate corresponding to the higher
values of the development indices vary independently from the development index.
There are no significant differences in concentrations among watersheds of all the
development conditions except for the undeveloped sites. To further review the
data, the NO9+NO3 concentrations are generally higher for the SF residential land-
use sites, probably because of fertilizer applications.

For the TSS-related parameters such as T3S, TP, TKN, and TOC, the mean
concentrations are significantly related to the drainage area of the watershed, as
described earlier in this paper. As shown in Figure 3, the relationships between TP
concentrations and development indices are represented by two separate regression
lines [for watershed size < 4035 hectares (1000 acres) and > 405 hectares (1000
acres}].

Conclusions
Based on the findings, the following conclusions can be drawn:

1. This study used data collected from the City of Austin's storm water
monitoring programs, Although the data is preliminary, its quantity and quality are
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sufficient for the development of a simplified method to characterize urban storm
water pollution. i

2. The impacts of urban development on storm water quality can be
identified by the relationships of watershed mean concentrations to development
indices. A development index may be a .linear combination of land-use and
watershed-type indices which characterize basin development conditions. This index
correlates well with the percentage of impervious cover. For some parameters such
as T8S, TP, TKN, and TOC, the described relationships also depend on the sizes of
watersheds or drainage areas. )

3. The use of average EMCs to represent watershed mean concentrations is
adequate only if the sizes and antecedent conditions of the sampled events adequately

_Tepresent the entire range of the rainfall event classifications. It is recommended that

the EMC data presented by different organizations not be combined for analysis
unless the methods and procedures for obtaining such data are carefully reviewed.

4, The use of arithmetic means to characterize average conditions of EMCs
and runoff coefficients may be biased if the size of data sets is insufficient or the
coefficients of variation are large (greater than 1.2). This is particularly true in
computing the average runoff coefficient for a watershed since the runoff coefficient
generally increases with increasing depth of storm rainfall. It is suggested that the
population mean of the EMCs or runoff coefficients for any watershed can be best
represented by the median, the adjusted geometric mean (Gilbert, 1987), or the flow-
weighted mean of the observed EMC or yunoff coefficient values,

REFERENCES

1. City of Austin Environmental and Conservation Services Department
(COA/ECSD), "Storm Runoff and Baseflow Water Quality Modeling
Studies for Austin Creeks," October 1984, Updated 1990,

2, COA, "Comprehensive Watershed Ordinance," 1986; "Urban Watershed
Ordinance,” 1991; "Barton Springs Amendments, " 1991-92, ,

3. COA/ECSD, "Storm Water Pollutant Loading Characteristics for Various
Land Uses in the Austin Area," March 1990.

4. COA/ECSD, "The First Flush of Runoff and Its Effects on Control Structure
Design," June 1990,

3. COA, "Drainage Utility Business Plan," 1992; Updated 1994,




568 " STORMWATER MONITORING NEEDS

B, COA/ECSD, "Diagrostic Study of water Quality Conditions in Town Lake,
Austin, Texas, Volume 1," November 1992,

7. COA/ECSD, "Water Quality Monitoring Program Summary,” August 1593;
Updated May 1994.

8.  COA/ECSD, "Barton Creck Modeling Study using SWMM, Version 4.05," Practical Experience with Filippi Flow Limiters

Drat Report, May 1994, Anders Rorholt' Dipl., Ing. ETH, WSA, SIA

9. Environmental Protection Agency. "Results of the Nationwide Urban Runoff

Program, Final Report, Volume 1," Washington, D.C., 1983. Abstract

. The Filippi stormwater flow limiter belongs to the group of “weirs" of the type
*one side overflow weir.” The Filippi limiter, due to its specially profiled shape,
allows for excellent hydraulic control of flow, but has little effect on
solid/particulate separation.

10,  Gilbert, R.O., "Statistical Methods for Environmental Pollution monitoring,”
Van Nostrand Reinhold, New York, 1987.

11.  SAS Institute Inc, "SAS User's Guide: Statistics," Version 5, Cary, North

Carolina, 1985, There are many potential applications for the Filippi limiter:

12. Schueler, T. P., "Controlling Urban Runoff: A Practical Manual for Planning . In noBEm ed sewer systems
and Una.ma ng cn.ums BMPs, .U%Edﬂ_aa of Environmental Programs, . Upstream wastewater treatment plants or runoff storage tanks
Metropolitan Washington Council of Governments, 1987, .

Surface water collection (first flushes of concentrated runoff) to be

diverted to wastewater treatment facilities.
13. University of Florida, "Storm Water Management Mode!, User's Manual,"

Prepared for the U.S. Environmental Protection Agency, 1988. The excellent hydraulic controf is obtained by its unique configuration - venturi

channel at the inlet, changes in flow direction, short specially-shaped single-sided
overflow edge, and guiding grooves at the outlet to prevent blockage.

The Filippi limiter is patented in most countries, and has successfully been used

This study was funded by the City of Austin Environmental and Conservation in various Buropean countries since 1982.
Services Department, however, the statements of the study may not be the opinions
of the City of Austin. Introduction

Other City staff members who contributed significant work to this paper are: Stormwater overflow, overflow weirs, regulators, rainwater overflows, etc. are
Wiiliam Burd, Scott Mittman, Baolin Bai, Richard Robinson, Kathy Luo, Suzanne - commonly used technical terms. The most appeopriate term to describe the
_Rogers, James Lewis, Ellen Wadsworth, P.E., and Lelia Gosselink, P.E. Filippi device is “flow limiter.” These flow Himiters may not only be used in

combined sewers to avoid flooding, but also upstream of wastewater treatment
facilities and runoff storage tanks or scitling basins. Another potential application
for such precise flow limiters would be to divert the first flush of concentrated
runoff to a wastewater treatment plant.

! General Manager, Tartr-Ex SA, Rte du Chitelard 50 A, CH-1018
Lausanne, Switzerland.

369




ABSTRACT

This proceedings, Stormwater NPDES Related Monitoring
Needs, consists of papers presented at the Engineering
Foundation Cenference held in Colorado, August 7-12, 1994,
The Conference brought together 80 experts in the field of
urban stermwater management to discuss the current state of
the U.S. Environmental Protection Agency's Nonpoint Pollution
Discharge Elimination System {NPDES) regulations related to
discharges of urban stormwater, and the monitoring require-
ments under those regulations. The objective was o summa-
rize the current state of stormwater monitoring with respect to
meeting these regulatory requirements, and to lay out an agen-
da for the future. Technical sessions included; 1) An overview
of stormwater monitoring needs; 2) locating illicit connections;
3} system runoff characterization; 4) zuucmm compliance monj-
toring; 5) policy and institutional issues o NPDES monitoring; 6)
BMF monitoring for data transferability; 7) manitoring receiving
water trends; and 8) stormwater and best management practice
(BMP) monitoring. There were also extensive discussions, as
well as a number of adhoc meetings, A major conclusion
reached by the conferees was that existing monitoring requirs-
mentg will not vield the information necessary to determine
m::wwﬂm on the environment or to evaluate the effectiveness of
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FOREWORD

The Urhan Water Resources Research Council (UWRRC) of the American Society
of Civil Engineers has for 30 years been a leader in the transfer of urban stormwater
technology among researchers, practitioners and administrators. O:m of the w.d:ﬁ.uw_
means of accomplishing this transfer has been through a series of Engineering
Foundation Conferences, held in the United States and abroad, as well as
International Symposia and technical sessions at professional conferences,

The Council has recognized for some time that there have been numerous concerns
related to the monitoring requirements of the current U. S. m:&ﬂ:Ema.a Protection
Agency NPDES regulations, and particularly those governing discharges c.m
stormwater to the environment. Because of these concems, and because the Council
itself felt that there were many technical and administrative problems with these
regulations, the Council organized this Conference on stormwater NPDES _d._wn&_
monitoring needs. It was the aim of the Conference to bring together experts in all
fields related to these needs, including those from the regulatory agencies and m:m
regulated community. What resulted was a mix of vﬂ%oo&mm, E:.u expertise
representing industry and state and local governments, together with their technical
staffs and consultants. :

All of the papers presented in the regular sessions were by invitation, and were
reviewed and accepted for publication by both the Conference Chairman and by the
Proceedings Editor, Papers in Appendix A (Poster Papers) were unsolicited, and
only received an editorial review for format, etc. All papers are m:m&._m. ._qu
discussion in the Joumnal of the Water Resources Planning and Management Division
of the American Society of Civil Engineers (ASCE). All papers are eligible for
ASCE awards.

. The Proceedings are organized by "session”, corresponding to the actual conference

sessions, Formal papers are presented first, followed by a session discussion which
may include both material presented by an author which is not necessarily in his
paper, as well as comments/questions from participants, and the answers to those
questions furnished by the author (or, in some cases, by other conference
participants),
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