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Thursday, August 11, 1994 (continued)

3. "Monitoring the Effectiveness of Structural BMPs"
George Oswald

Camp, Dresser & McKee, Inc.;

Richard Mattison '

Kinnetic Laboratories, Inc.

10:00 pm - 11:00 pm Social Hour (cash bar)




Sunday, August 7, 1994

3:00 pm - 6:00 pm Registration
6:00 pm - 8:00 pm Dinner
8:00 pm - 9:00 pm Opening Reception
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Monday, August 8, 1994

7:00 am - 830 am Breakfast Buffet

8:45 am Welcome
Ben Urbonas, Conference Chair
and

Jonathan Jones, Chair, Urban Water Resources Research Council

9:00 am - Noon SESSION I: OVERVIEW OF STORMWATER MONITORING NEEDS
Moderator: Ben Urbonas

1. "Trends in Monitoring for Stormwater”
Michael B. Cook _
Director of U.S: EPA Office of Wastewater Management and Conference Co-

Chair

2. American Public Works Point of View

Christine Andersen
President, APWA Institute for Water Resources and Conference Co-Chair

Coffee Break

3. "Overview of Stormwater Monitoring Needs"

Dr. Larry Roesner :

Chair, Task Force Committee for Preparation of Urban Stormwater Quality
Management Manual;

Kelly Cave

Camp Dresser and McKee, Inc.

4. Non-U.S. Modeler's Point of View
William James
University of Guelph, Ontario, Canada

Noon - 1:30 pm - Lunch

1:30 pm - 5:00 pm Ad hoc sessions and /or free time

5:00 pm - 6;00 pm Social Hour (cash bar)

6:00 pm - 7:30 pm Dinner

7:30 pm - 10:00 pm SESSION H: LOCATING ILLICIT CONNECTIONS

Co-Chairs: Jon Sorensen and Jim Wulliman, Ch2MHill

1. Locating Inappropriate Discharges to Storm Drains
Robert Pitt & Malinda Lalor

University of Alabama at Birmingham;

Richard Field

U.S. EPA;

Edward Thackston

Vanderbilt University




Monday, August 8, 1994 (continued)

10:00 pm - 11:00 pm

2. Finding Illicit Connections and Discharges with P2IL
John D. Minor
City of Scarborough, Ontario, Canada

3. Panel of Experts Discussion on Illicit Connections
Moderator: Richard Field
U.S. EPA, Stormwater Research Group

Social Hour (cash bar)




Tuesday, August 9, 1994

7:00 am - 8:30 am

900 am - 12:00 Noon

Noon - 1:30 pm

1:30 pm - 3:00 pm

Breakfast Buffet

SESSION II: SYSTEM RUNOFF CHARACTERIZATION
Session Chair: Marshall Jennings
U.S. Geological Survey

1. NPDES Monitoring - Atlanta, Georgia Region
Michael Thomas

Atlanta Regional Commission;

Scott McCelland

Camp, Dresser & McKee, Inc.

2. NPDES Monitoring - Dallas Ft."Worth, Texas Area
Samuel Brush

N. Central Texas COG;

Marshall Jennings

US. Geological Survey;

P. Jonathan Young

Alan Plummer and Associates, Inc.

Coffee Break

3. Stormwater NPDES Monitoring in Santa Clara County

Keith Whitman and David Drury

Santa Clara Valley Water District;

Peter Mangarella, Terry Cooke, Chow Lee and Revital Katznelson
Woodward-Clyde Consultants

Lunch

POSTER SESSION ON STORMWATER AND ITS MONITORING

Session Chair: Wayne Huber

1. "CDOT Highway Stormwater Runoff Monitoring Results"
Philipp Sieber
Colorado DOT

2. "Methods for Assessing Urban Stormwater Pollution"
Chauny Soeur, William Burd, George C. Chang, and Steve Stecher
City of Austin

3. "Practical Experience with the Filippi Flow Limiters"
Anders A. Rorholt
Tarts-EX SA, Switzerland

4. "Low Cost Automatic Stormwater Sampler"
Lynn A. Dudley
Vortox Co., Claremont, California



Tuesday, August 9, 1994 (continued

3:00 - 5:00 pm
5:00 pm - 6:00 pm
6:00 pm - 7:30 pm

7:30 pm - 10:00 pm

5. "High-Accuracy CSO and Stormwater Flow Monitoring™
Terrance Burch and Joanna Phillips
ORE International, Inc.

6. "RCRA-Related Implications of Sediments in BMPs"
Jonathan Jones

Wright Water Engineers, Inc.;

Scott Anderson

ARCO Coal Company

7. "Pesticide Concentrations & Fluxes in an Urban Watershed"
Paul Wotzka

Minnesota Department of ‘Agriculture;— - -

J. Lee

Minnesota Parks & Recreation Board;

P. Capel,

U.S. Geologic Survey

M. Lin

University of Minnesota

8. "The Use of Special Inlet Devices, Filter Media and Filter Fabrics for the
Treatment of Stormwater”

Robert Pitt and Shirley Clark

University of Alabama at Birmingham

9. "Treatment of Stormwater from Critical Source Areas Using a Multi-
Chambered Treatment Train (MCTT)"

Robert Pitt, Brian Robertson and Ali Ayyoubi

University of Alabama at Birmingham

10. "Potential Groundwater Contamination From Stormwater Infiltration"
Keith Parmer, Robert Pitt and Shirley Clark

~ University of Alabama at Birmingham;” ™

Richard Field
US. Environmental Protection Agency

Ad hoc sessions and /or free time

Social Hour (cash bar)

Dinner

SESSION IV: NPDES COMPLIANCE MONITORING

Session Chair: John Warwick

1. "Improved Methods for Stormwater Data Collection"
George C. Chang, William Burd, Thomas Brown, and James E. Lewis
City of Austin




Tuesday, August 9, 1994 (continued)

10:00 pm - 11:00

pm

2. "Biological and Chemical Testing in Stormwater”
William T. Waller, Miguel Acevedo and Eric Morgan
Tennessee Technical University;

Kenneth Dickson, James Kennedy and Larry Ammann
University of Texas at Dallas;

Joel Allen and Paul Keating

University of North Texas

3. "Blackstone River Wet Weather Monitoring Initiative Experience"

Raymond Wright, Roy Chaudhury and Makam S.
University of Rhode Island

Social Hour (cash bary -~ -




Wednesday August 10, 1994

7:00 am - 8:30 am

Noon - 1:30 pm

1:30 pm - 5:00 pm
5:00 pm - 6:00 pm
6:00 pm - 7:30 pm

7:30 pm - 10:00 pm

10:00 pm - 11:00 pm

SESSION V: POLICY & INSTITUTIONAL ISSUES OF NPDES

MONITORING
Session Chair: L. Scott Tucker

1. "An Industry’s Perspective on Stormwater Monitoring”
Charles Beck A
Coors Brewing Company

2. "EPA Use of Stormwater Monitoring Data"
William Swietlik and William Tate
US Environmental Protection Agency;

Eric Burneson
SAIC~

Coffee Break

3. "Local Municipal Perspective on Stormwater Monitoring"
Doug Harrison

Fresno Metropolitan Flood Control District

4. "What Congress Should Do About Stormwater"

Howard Holme .

Fairfield and Woods, Denver

Lunch

Ad hoc sessions and/or free time

Social Hour (cash bar)

Dinner

' SESSION VI: WORK SESSION ON BMP MONITORING FOR DATA "~

TRANSFERABILITY
Session Chair: Ben Urbonas

1, "Parameters.to Report.with BMP Data"
Ben Urbonas
Urban Drainage and Flood Control District, Denver, Co. -

2. "Constituents and Methods for Assessing BMPs"
Eric Strecker
Woodward-Clyde Consultants

3. Group Brainstorming/Discussion
Conference Participants

Social Hour (cash bar)




Thursday, August 11, 1994

7:00 am - 8:30 am Breakfast

SESSION VII: MONITORING RECEIVING WATER TRENDS
Session Chair: Richard Horner

1. *Time-Scale Toxic Effects in Aquatic Ecosystems"
Edwin Herricks :

University of lllinois at Champaign;

Ian Milne and Ian Johnson

Water Research Centre - Medmenham, United Kingdom;

2. "Use of Sediment and Biological Monitoring"
Eric H. Livirigston, Ellen' McCarron; Thomas Seal and Gail Sloane
Florida Department of Environmental Protection

Coffee Break

3. "Water Quality Trends from Stormwater Controls"

Robert Pitt :
University of Alabama at Birmingham

4. "Watershed Protection Using an Integrated Approach"
Earl Shaver, John Maxted and David Carter

State of Delaware DNREC;
Gray Curtis
Madrigal Software Corporation
Noon - 1:30 pm Lunch
1:30 pm - 5:00 pm Ad hoc sessions and /or free time
5:00 pm - 6:00 pm. - Social Hour (cash bar) ...
6:00 pm - 7:30 pm Dinner
7:30 pm - 10:00 pm SESSION VIIl: PROTOCOLS FOR MONITORING BMPs FOR
EFFECTIVENESS . ..

Session Chair: Eric Strecker

1. "Monitoring Effectiveness of Non-Structural BMPs"
Roger Bannerman

Wisconsin Department of Natural Resources

2. "Monitoring of Wetlands, Wet Ponds & Grass Swales"
Thomas Grizzard, David Green and Clifford Randall
OCCOQUAN Watershed Monitoring Laboratory

*
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Thursday, August 11, 1994 (continued)

10:00 pm - 11:00 pm

3. "Monitoring the Effectiveness of Structural BMPs"
George Oswald

Camp, Dresser & McKee, Inc;

Richard Mattison

Kinnetic Laboratories, Inc.

Social Hour (cash bar)




Friday, August 1

7:00 am - 8:30 am

9:00 am - Noon

Noon

1994

Breakfast Buffet

SESSION IX: CLOSING SESSION
Session Chair: Larry A. Roesner

1. "Summary of Session Discussions and Topic Needs"
Harry Torno

2. "What Have We Learned This Week and Yet Need to Learn?"
Michael B. Cook and Christine Andersen -

3. Participant Brainstorming on Stormwater Monitoring
Moderator: Larry A. Roesrer -

4, Closing Comments and Adjournment
Chair: Ben Urbonas

Lunch




Monday, August 8, 1994

SESSION I: OVERVIEW OF STORMWATER MONITORING NEEDS

1. "Trends in Monitoring for Stormwater”
Michael B. Cook
Director of U.S. EPA Office of Wastewater Management and Conference Co-Chair

2. American Public Works Point of View

Christine Andersen
President, APWA Institute for Water Resouroes and Conference Co-Chair

3. "Overview of Stormwater Monitoring Needs"
Dr. Larry Roesner
Chair, Task Force Committee for Preparahon of Urban Stormwater Quality
Management Manual; |
Kelly Cave
Camp Dresser and McKee, Inc. ‘

4. Non-U.S. Modeler’s Point of View
“William James
University of Guelph, Ontario, Canada




MONITORING NEEDS IN THE NPDES STORM WATER PROGRAM --
EPA'S POINT OF VIEW
June 1994
by o
Michael B. Cook', Kevin J. Weiss®, and William F. Swietlik’

INTRODUCTION

Traditionally, monitoring requirements under the National! Pollutant Discharge
Elimination System (NPDES) program have emphasized analyzing pollutants in discharges
at the end the end of the pipe. However, EPA anticipates that a number of recent initiatives
will be changing the direction of monitoring in general and, when coupled with the
evolving needs of the storm water program, will result in more comprehensive; improved
and better integrated spproaches to monitoting storm water in the future. i

EPA is pmiclpstins in & number of initiatives that will shape and improve the
Agency's monitoring and data collection efforts. Five initiatives that wilt dlrectly impact
rnomtoting in the NPDES storm water program include:

the Intergovernmental Task Force on Monitoring Water Quality (ITFM)

the EPA- National Gosls Project

the Office of Water- NPDES Watershed Strategy

the Office of Water environmental indicators project.

the Office of Wastewater Management storm water envmmmennl indicators
project.

e o o o o

oV ts n Monitoring Wa al :

The ITEM was established in 1992 to develop a strategy to solve & number of

* Mr. Cook is the Director of the Office of Wastewater Management (OWM) &t the Environmental
Protection Agency (EPA). ’

! Mr. Welss is a Chemical Engineer with the Storm Water Section in OWM o EPA.
3 Me. Swietlik in the Chief of the Storm Water Section in OWM st EPA,

problems associated with water-quality monitoring activities'. The Task Force grew out of .
the recognition that environmental programs are moving beyond single-media, technology-
based approaches towards holistic programs based on risk reduction and pollution

prevention. As environmental programs change to more holistic risk-based approaches,
monitoring needs become more complex, with new emr-:sis on:

Watershed. ecosystem and geographically based programs,
Biological resources, ecology and habitat,

Nonpoint source remediation programs,

Wetlands and coasts, and

Sediment quality.

The mission of the ITFM is to develop and implement an integrated, voluntary,
nationwide sirategic plan that provides recommendations for achieving effective collection,
interpretation, and presentation of water-quality data to improve the availability of
information for decision making at all levels of the government. The strategy was
developed in 1992°. The goal of the strategy is to provide water-quality data that meet the
following four objectives:

)] define water quality status and trends;
2) identify exislinj and emerging water quality problems;

3 develop and implément policies and programs for water-resource management
- fand regulation; and

4) evaluate water ?rograms effectiveness.

The strategy includes both 1 national committee to develop monitoring guidelines
and standards, and regional commiitees to tailor those guidelines to regional needs and to
encourage agency participation in the strategy. Tasks planned by the national committee
are shown in Table |. Products that have been or are being developed by the ITMF are
shown in Table 2.

* The ITEM s a federalstate/tribal partnership with rep: ives from 20 agencies and org;
ITMF members include: the Army Corps of Engineers, Deparrment of Energy, National Oceanic and
Atmospheric Adminisuation, National Park Service, Office of Manegement and Budget. Tennessee Valley
Authority, U.S. Department of Agriculture, U.S. EPA, U.S. Fish end Wildlife Service/National Biological
Survey, U.S. Geological Survey, Arizons. California, Colorado, Defaware River Basin Commission, Floride,
New Jersey, Ohio, Potabstomi Community, South Caroling, Washing and Wi in. The ITFM is
chaired by EPA, and the USGS is vice chair.

$ See "Ambient Water-Quality Monitoring In the United Ststes - Flrst Year Review, Evalustion, and
R dations™, 1TFM, December 1992,




Table 1 - Tusks of the ITFM National Commities Table 2 - Products Developed or Being Developed by the ITFM
. Develup, for each monitoring objective, a set of questions to address issues. Product Description
National Charter A charter for a permanent pational body 0 guide the

2. Develop QA/QC guidelines for all aspects of the strategy. implementation of the ITFM recommeadations and to

facilitate further collaboration of the many Federal, State,

3. Develop and update a core list of environmemal indicators. ' T‘iw.' u.gional. M'. private, and vo!unm
organizations that are involved in monitoting.

4. Deermine the comparability of field and labosatory methods. Moaitoring Framework A framework for monitoring water quality which defines
. the compunemts that a monitoring program should
consider in order 1o easure that it accomplishes its

5. Develop station sclection guidelines. . objectives.
ve . ladicator Selection Criteria Criteria with which (0 select parameters that measure
6. Promote Jata sharing among major information systems. - . K progress ia achieving water-quality goals.
: Environmental [ndicators ITFM recommendations of indicators 1o measuss whether
7. Identify tormaging of ancillary dats . - 0 intespret water-quality data. Recommendations water-quality uses designated by the Stace are being met.
: Methods And Data Comparability A charter for a Methods and Data Comparsability Council
§. Prumote the development and standardization of data-analysis techaiques. Council Charter to foster the development and use of performance-based

methods of collection and analysis in a manner which will
’ ) sesult in the acquisition of data of known quality. The

. Council will address soms of the biggest obstacles 10
sharing data among monitoring ageacies and other users.

9. Develop unitied formats for reporting wates-quality information.

10. Develop and organize training for pessonnel of panicipatiog agencies. Use of F.ciingioln. Refereace An examination of seforence conditions as & tol in

Conditions, and Index Calibration biological assessment, and the use of the ecoregions .
. concept as 8 way to categorize landscapes on which
assessments are carvied out,

These products are described in more desail in "Water-Quality Monitoring in the Uaited States-1993
Report of the Intergovernmental Task Furce on Monitoring Water Quality,* ITFM, January 1994,
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EPA Nationsl Goals Project;

d Wates f

As part of the plan, the Office of Water has established four major miegic goals - \
for water programs, shown in Figure 1. Each goal contains one or more subgoals:

Y

EPA is in the process of developing a set of broad environmental goals for the H
Agency. The project’s goal is to produce, by Earth Day, April 22, 1995, a set of ambitious, § g a -
realistic and measurable environmental goals to be achieved in the next century. As part of § z Hg g
this effort, the Agency has identified three goals which relate to controlling pollutant o § aé sg 2
sources to surface waters: clean surface waters, safe drinking water, and ecological g g‘éu o 33 - ‘é &

. . o s 3 - o
protection. The Agency is in the process of identifying measures that can be used 10 3l 2 S| H . 3 gs
evaluate progress towards meeting these goals. % § ; § 2‘ z 3

] c .

In a complementary effort, the Office of Water issued a Strategic Plan o provide a 3 i E E ,2 ?
framework for Office of Water goals and measures of success. A key part of this plan are § ; s - Q g
a series of national environmental goals and environmental indicators. The plan also calls = \ §
for working closely with the States to put together action plans for reporting on these goals 3 E 3
and indicators over time. : 3 3df <

il

G

¢ PROTECT AND ENHANCE PUBLIC HEALTH (meet designated uses

t e -

. Safe Drinking Water g
. Safe Fish and Shelifish Consumption i .
. Safe Aquatic Recreation :

« Extent of Sediment Contamination
is Reauced

* NO Net Loss of Wetands

Recuced
. A

# CONSERVE AND ENHANCE ECOSYSTEMS (meet designated uses)

. Biologically Healthy Water Resources

improve Ambisnt Conditions

¢ IMPROVE AMBIENT CONDITIONS

. Improved Surface Water Ambient Concentrations of Toxic and Conventional
Pollutants

* . Ground Waters Meet Water Quality Objectives
. No Net Loss of Wetlands '
. Extent of Contaminated Sediments is Reduced

Figure 1 - Office of Water Strategic Goals
Reduce Poilutant Loads (Point & Nonpoint Sources)
4

Concenyations of Toxie and Conventional

Poilutants .
» Ground Waters Meet Waler Quaiity Objectives

Prowan" 319PW-N?SICZDAva- . "
orms&sgmwm-amem-mmm National Estuanes Program - Clean Lakes

* improved Surtace Water Ambiant

¢ REDUCE POLLUTANT LOADINGS (point and nonpoint sources)

4

* Reduced Toxic Loading
Standards & Source Control Programs

. Reduced Toxic Pollutant Loadings
. Reduced Conventional Pollutant Loadings

Onniung Waler Standazas Program - NPDES Program « WQS & Catena Program

TMOL Program
Manne Debns « Sluage Management - Wetlanas 404 Program

.

State Designated Uses

%
r §
Slorm Watsr Program




NEDES Watershed Strategy;

In March of 1994, EPA issucd the NPDES Watcrshed Strategy. The Strategy is a
first step toward the goal of integrating the NPDES program into a comprehensive, multi-
program approach to addressing surface water, ground : - >r, and habitat concems on a

and water body sysiems)

As the NPDES program mnves further towards embmclng the watershed strategy,
monitoring in the NPDES storm water program, as in all NPDES program areas, will nced
1o evolve to be fully supportive.

"

The Office of Water Environmental Indicator Project:

The Office of Water is proposing to cvaluate progress in mecting the goals of the
Strategic Plan by using a number of environmental and programmatic indicators. These
indicators, when adopted, will have a strong influence on the purpose, direction and types
of monitoring employed in Office of Water programs in the future. Recommended
preliminary indicators for the straicgic goals are outlined in Table 3. To complete this
effort a significant amount of work remains, including:

’i :
watershed basis. The NPDES Watcrshed Strategy outlines national objectives and 5 % g 4 g A
implementation activities 10 (1) integrate NPDES program functions into broader watershed F 3 d i
approaches; and (2) support the development of State-wide basin management approaches. 3 3 g q 3 ! . K}
3 1 2 o
One of the six essential arcas identificd in the Watcrshed Strategy is monitoring and i g . j " ! 3 i ;
assessment.  Action items identified in the Strategy to support monitoring and assessment k] ) % 3 ; ..P ]
include: | gg ‘ 3; j i 3 1 ; gug
. Develop a Statc-wide monitoring strategy to assure the most effective 5 § ;}‘ \é S g ! g a LERE
targeting of limited monitoring resousces and coordinate collection and 8 1R 5 ﬂ SJ. :
analysis of NPDES, nonpoint source, and other watershed data. § § ;; L 3 81 I g 1 } ;1 R S! l g ; ! g é
3. 31 | ‘ S I |
*  Establish point source ambient monitoring requisements where appropriate to g ; g i 3 i i 3'3 ] i \ 1 i [} 3 3 ] 1!
suppon assessment of walershed conditions; this action may provide F ‘.! : g! 3 ! 3 2 1 g i3 3 S = X
opportunities for group monitoring plans for multiple discharges to the same 5 g ; 3 ; g 13 i E 13 i s 1 382 3 : s g . ; j g d
basin. ¢ i TEE LY » HE L ;
. | q gS 11 ixg i H1LE 3?”:
. Promote comparable daia collection, analysls. and utilization by all 2 + ; ! § § § ; i ; H | 3 3y k 3 63 3 %
stakeholders (c.g. NPDES, 303(d), 304(1), and 319) through revisions to i 11 ]3 i j Hatlia i sl dadsteds
P , : . ons 3 3 i3 3 3 X 4 2 3
- finfermation collection and management systems (e.g., permit applications and . . . e . ol eolole .w
compliance monitoring, PCS, TMDL deveiopment, 305(b), NEP, STORET, '} “eie Julerk| dgzdg]l ¥ ddcsdg] Sl HAl x| 8| Ans&d sdn
3
H
3
g
Q
-
£
K]
-

Ubjective

Uy Heskhy Walter Resources, including
Lakes, Rivers, Stresms, Esuaries, Cossta) Watsrs,

Wetlaads, and Ground Waler
Ground Waiers Mast Waier Qualay Objectives

Salc Fub & Shelllish Consumnprion

Conditions improved Suriacc Water Ambisst Concuntrations of
No Net Loss of Watlsads
Revuced Conventiona) Pulluant Loadings

Sak: Drinking Waier
Safe Aqualic Recremion
Exiemt of C

Tuxic and Coaventiosat Poliusants

Reduced Torics Pullviast Lusdmgs
Adcyusic dats e5is 0 the uear im0 caiablish baschos mionmation.

[Public Heakh

~
Enhaace
Ecosystems

mprove
Ambient
Rouuce

Poliutant
Husdeags




& selecting indicators that major participants can agree on.
#  establishing a nationwide monitoring and data system that:

. uses information from various sources to support management systems snd
report on progress towards national goals,

. uses comparable collection, reporting and analytical methods.
. stores data of known quality in systems that can "talk” to each other,
. has clear roles and responsibilities and focusses use of available resources

from many sources (EPA, other Federal agencies, States, utilities, etc.).

In fiscal year 1995, EPA will be taking two major steps towards implementing the
Office of Water Strategic Plan. The first step will be funding a series of State pilot projects
1o test selected environmental indicators. Eight States® will be implementing the pilot
projects, lasting 18 to 24 months, using indicators from the list of 33 national indicators
developed by EPA. The States will use the indicators to measure success towards resching
the goals of protecting human health, conserving and enhancing ecosystems, improving
ambient conditions. and reducing pollutant loadings. These pilot projects will be our first
real attempt to test “on the ground” whethet the necessary steps to implement and track
environmental indicators over time can be successful. The pilots will serve another
important purpose—to determine if selected environmental indicators can compliment or
substitute over time for some of our current programmatic measures of success for State
water programs that are activity-based (such as number of permits issued and' enforcement
actions taken). We are very pleased with the enthusiasm shown by the State§ for the
environmental indicators pilot project. '

of Wastews 8| orm_Wate vl i

Project:

As 2 complement to the Office of Water environmental indicators effort, the Office
of Wastewater Management is initiating a project that wilt idemtify and implement
environmental indicators specific to the NPDES storm water program. '

To accomplish this, EPA is issuing a series of grants to support the selection and
implementation of storm. wit.. .avironmental indicators that can be used by municipalities
and industries to assess the eifectiveness of their storm water control efforts and to possibly

* The States tentatively selected for the pilots e Maine, Delaware, Muryland, Georgia, South Carolina,
Wisconsin. Ohio and possibly Nevada. In addition, EPA is considering 8 locsl project under the National
Estuary Program in Oregon.

provide data for the national environmental indicators tracking system. The project. which
will be implemented for the most part in fiscal year 1995, includes:

. compiling a summary of recent efforts to develop and implement
environmental indicators for stormn water discharges;

. holding a series of stakeholder meetings around the country to select
environmental indicators for the storm water program, including a select list
of indicators to be used for national tracking;

. preparing & report on the results of the stakeholder meetings describing the
environmental indicators selected and the methodologies arid criteria for
implementation; and,

. awarding grants for a series of demonstration projects on implementing storm
water environmental indicators,

it is the objective of this project that valuable information for selecting and
implementing storm water program environmental indicators will be developed which
should significantly guide the direction of storm water monitoring in the future.

Upon completion of the storm water environmental indicators demonstration
projects, EPA hopes that numerous municipalities and industries witl better understand, and
be better equipped. to implemént effective monitoring strategies for assessing their storm
water management ptograms.

The data that is generated by municipalities, and other sources, if done in a
consistent, quality fashion, should be applicable at the national level for tracking and
assessing progress of the NPDES storm water program towards accomplishing the Office of
Water strategic goals, :

SUMMARY

Several national initiatives will directly impact the future of monitoring in the
NPDES storm water program. The Intergovernmental Task Force on Monitoring Water
Quality (ITFM) will be recommending that monitoring efforts be mote holistic in nature
and will be developing national and regional guidelines and standards for monitoring.

The EPA National Goals Project will produce a set of realistic and measurable
environmental goals to be achieved in the next century. The Goals Project will involve
identifying monitoring that can be used to effectively evaluate progress towards meeting the
goals,

Under the new NPDES Watershed Strategy, monitoring and assessment have been

1o




identificd as an essential clement to be addressed. Imponant objectives of the Strategy are
the development of Siate-wide monitoring stratcgies (o assure the more effective targeting
of limited monitoring resources and the coordination of the collection and analysis of data,
and the-use of receiving water monitoring procedurcs where appropriate to support
assessment of watershed conditions.

The EPA Office of Water is proposing to evaluale progfess in mecting the goals of
the EPA Straicgic Plan by using a number of environmental and programmatic indicators.
These indicators, when adopted, will have a strong. influcnce on the purpose, direction and
types of monitoring employed in water programs in the future.

Finally. the Office of Water, Office of Wastewater Management is plaaning the
development of a set of environmental indicators that can be used specifically by storm
waler dischargers to cvaluate progress towards meeting the goals of the NPDES storm
water program and, more broadly, the strategic goals of the Office of Water.

These initiatives will result in a number of changes to monitoring approaches under
the NPDES siorm water program in the futuwre. As monitoring requirements under the
NPDES storm watcr program change and evolve, siorm water professionals will be
presented with unique opportunities to provide insight and expertise on innovative .
approaches 1o storm water monitoring at national, State and local levels.

-




American Publlc Works Point of View

Christine F. Andersen', Member ASCE

Abstract

Public works agencies are responsible for implementing the
regulations regarding stormwater in the NPDES program. As such they
bacome the agencles responsible for balancing environmental protection,
community interests, political interests, financial constraints apd the
technical skills and resources necessary to carry out the goals of the Claan
Water Act. To carry oul this Implementation role effactively there is a
critical need to build the levet of technical knowledge and understanding of
stormwater quality and promote opportunitias for sharing this information.
Pressure for funding at the local level is creating remendous resistance in
communities across the country. Gaining communily understanding and
support requires the abllity to clearly articulate environmental benelits and
cost effective application of resource to address local problems. 'Without
grassroots support, communities will becoms the biggest roadblacks to
achieving the goals of the Clean Water Act. -

Introduction .
Sincae the reauthorization of the Federal Claan Water Actin 1987, the

requirement that municipalities with populations greater than 100,000 obtain
NPDES permits for separate storm sewer systems has been implemented.

'Director, Department of Public Works, Cily of Eugene, 858 Peart Street,
Eugene, OR 97401
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Across the country affected public works agencies responsible for
stormwater have been developing stormwater quality programs and seeking
permits from state environmental regulatory departments in those NPDES
designated states or from EPA. The investment of resource in permit
application and the sampling and data base development is significant. The
resourca requirement for implementation and monitoring of Best
Management Practices (BMP's) covered by thoses permits will require an
ongoing commitment.

In the early years following the 1972 adoption of the Federal Water
Poliution Conlirol Act when the primary focus of the clean water program
was wastewater, up to 90% of the funding required for local agency
implementation was provided from federal and state sources. Today,
program cosis are bome almost entirely at tha local level. This fact, along
with similar program funding shifts in virtually every ares of local
govemnment agency programming, has presented real challenges to the
Implementation of the stormwater NPDES program.  Coupled with that
challenge is the fact that agencias across the country are scrambling to
build stormwater programs based on relatively limiled research and

experience in the whole area of stormwater monitoring and BMP
effectiveness.

Capluring and Sharing information

Huge data bases of stormwater sampling and BMP monitoring information
are being generated across the country through implementation of
mandated slormwatar programs. It is slill uncertain when or how
municipalities with populalions less than 100,000 will be brought into the
stormwater NPDES program. For those 200 or so communities already
embarking on their first permit, there.is much to leam and share. The focus
of this conference is timely and critical to the effective use of the significant
resource going into current permit development and implementation. itis
essential that communities be able lo leam from each other and share
information reliably and effectively. In addition, EPA needs o be able lo
use the information being reported under these permits lo basa future Clean
Water Act changes on improved understanding of stormwater quality
problems. The Nationwide Urban Runoff Program (NURP), which served
as the basis for the 1987 Clean Water Act amendments covering the
stormwater quality program, was relatively limited, covering only 28 cilies.
The number of communities currently required to be permitted under
NPDES and the type of data being generated should result in a tar clearer
picture of the need for future stormwater program regulatory changes if that
data is capturad and used effectively.

Not too long ago, it would have been unthinkable lo expect
communities 1o take on a rasearch and developmaent role for a problem of
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this magnitude. Unfortunately, today that is precisely where local
communities find themselves. Strategies and techniques are being
identified, tesled and monitored in the hope that they will result in improved
water quality condilions and that it will be feasible to accurately detect
environmental improvements.

In many cases, consultants working in parinership with public works
agencies are providing the vehicle for technology transfer. Communities
are now sharing experiences and information through common consuitants,
even asthe regulatary agencies struggle to develop their own administrative
programs. The attendance and participation at this conference reflects both
this relationship and the strong common interest in sharing information and
leaming from other professionals engaged in the development and
implementation of stormwater quality programs. This approach has been
surprisingly effective but it is not adequate to handie the growing demand
and need for transferable Information. Authorizaion and funding of the
National Academy of Sciences {0 evaluate research and development
programs and provide an umbrella for better coordination and ulilization of
colleges and universities in expanding environmental research programs
would be important and appropriate steps.

din

Program funding Is a serious constraint. The issue of unfunded
mandates has generated a remendous local community lobbying effort in
Congress and impeded the adoption of the new Clean Water Act. Across
the country the demand for funding at the local level to support federal and
state mandated programs, as well as those identified by local priorities, is
continuing to grow. Revenue limitation initiatives are appearing throughout
the states. The strategy used in many communilies to implement a
slormwater quality program has been the creation of a stormwater ulility.
That is not a problem-free option and may become even more difficult to
initiate and manage over tims. As an example, in Oregon there is a
statewide iniliative measure on the November 1994 ballot that would
prohibit any new fees or changes to an existing fee without a public vote.
In short, without local support for the implementation of local programs,
funding will be more and more at risk. With an eye to the future and the
goals of the 1972 Clean Water Act to “restore and maintain the chemical,
physical, and biological integrity of the Nation's waters,” it is critical lo build
a foundation of community consensus and support and not rely on the force
of federal mandates lo achieve thesa goals.

Is bedoming more and more difficult as public sentiment regarding
govermnment and govemmental agencies continues to deteriorate. In
testimony befors the House Subcommittee on Water Resources and
Environment this past May, EPA Administrator Carol Browner described
the goal of the reauthorized Clean Water Act as "a better, more flaxible
clean water act that will result in increased protection for our water
resources at a lower cost.” Flexibility and cost effactiveness are minimum
requiréments for the achievement of local support. Better understanding of
BMP, effactiveness and the ability to shift resource from ineffective
stratégies to other, more environmentally beneficial anes are basic needs
fo ensure continued focal support. The ability to demonstrate resuits and

- contain the otherwise spiraling resource demanded from urban residents are

noco’;iues for tocal program support. The abllity to accurately describe the

real benefits to a community that are derived from the development,

Implementation and maintenance of a focal stormwater program is critical*
to gaining and sustaining local support.

The i)_urposo of this conference is to target current needs and future
directions. Months and months of work has gone into the drafts of Clean
Waler Act reauthorization bilis that will not make it through Congress this
year., Many of the individuals responsible for hammering out language in
those bills are at this conference and undoubtedly have perceptions to
sharé about possible next steps. Focusing on common goals for
snvironmental protection and clean water will help to ensure that progress
oontlnues to be made as these needs are sorted out.

uildi ni nsensu:

Gaining community support, particularly where funding is involved,

3 Andersen
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Overview of Stormwater Monitoring Needs

Kelly A. Cave', AM. ASCE
Larry A. Roesner®, Ph.D,-M. ASCE

Abstract

Runoff pollution studies have attempted to quantify the stormwater pollution load
contribution to surface waters since the early 1970s. This paper presents a select
summary of what has been leamed from previous stormwater monitoring
programs and offers recommendations help guide the future direction &f such
programs. !

Introduction

Since the early 1960s, stormwater runoff has been recognized as a significant
source of pollution to the nation’s waterways. Since the early 1970s, there has
been a growing body of runoff pollution research to quantify the stormwater
pollution load contribution to surface waters and to characterize stormwater
pollutant generation, transport, and fate. Recently, over 100 U.S. cities and
numerous industries collected stormwater runoff’ data under the Phase [ National
Pollutant Discharge Elimination System (NPDES) stormwater permitting program,
Additional stormwater runoff data will be collected as the Phase [ NPDES permits
are issued and in other stormwater programs around the world. Stormwaterrunoff
data collection is also likely to be required under the Phase 1l NPDES program
which wift be defined this fail.

This paper presents a select summary of what has been leamed from previous
stormwater monitoring programs and offers recommendations help guide lhe future
direction of such programs.

'Water Resources Engineer, Camp Dresser & McKee Inc.. One Woodwnrd
Avenue, Suite 1500, Detroit, Ml 18226

*Chief Technical Officer, Camp Dresser & McKee Inc., 1900 Summit Park Drive,
Suite 100, Orlando, FL. 32810
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" What We've Leamed from_the Past

Since the eacly 1970s, runoff pollution research studies have attempted to quantify
the stormwater pollution load contribution to surface waters and to characterize
stormwater pollutant generation, transport, and fate. In the late 1970s, the “208
studies” implemented under Section 208 of the Federal Water Pollution Control
Act Amendments of 1972 showed that stormwater generally contributed as much
as half of the total pollutant load entering U.S. surface waters. This realization
led to the U. S. Environmental Protection Agency's (USEPA) development of the
Nationwide Urban Runoff Program (NURP) which was initiated to characterize
the water quality of urban runoff and the potential for water quality impacts in
receiving waters, NURP represents the largest research effort targeting urban
stormwater runoff to date. Storm event monitoring was performed at 81 outfalls
at 28 cities across the U.S. during the years 1978 through 1983,

The large number of sites monitored under the NURP program represented a wide
variety of climatological conditions, land use types, land slopes, and soil types,
thereby providing the basis for identifying similarities and differences among sites.
Approximately 2,300 storm events were monitored, which corresponds: to an
average of 28 storms per outfall site. At a particular site, the monitoring was
typically conducted over a 12-month period. Urban land uses monitored during
the study included: residential, cial, and fimited light industrial. -Several
of the NURP cities also monitored receiving waters to characterize impacts of
urban runoff on receiving water quality. A variety of receiving waters were
monitored, including rivers, lakes and estuaries.

The NURP sampling program included a wide range of water quality constituents,
For all of the 2,300 storms events monitored, constituents analyzed included total
suspended solids (TSS), chemical oxygen demand (COD), biochemical-oxygen
demand (BOD), total phosphorus, dissolved phosphorus, total Kjeldah! nitrogen
(TKN), nitrite + nitrate nitrogen, fecal coliforms, lead, zinc and copper. fn
addition, a limited number of grab samples were collected during 121 storms and
were subsequently analyzed for priority pollutants. At the time, the priority
pollutant list included 129 constiwents.

The event mean concentration (EMC), which is defined as the tota! constituent
mass in runoff divided by the volume of runoff during a given storm event, was
established as the pn'mary water quality statistic in the NURP study. EMCs were
estimated at monitoring sites for individual storm events by collecting and
analyzing flow-weighted ¢ ples of runoffl generated by each event.
At other sites, however, the momlormg consisted of a set of sequential discrete
samples collected during a storm event. For these sites, EMCs were calculated by
analyzing the hydrographs (flow vs. time) and pollutographs (concentration vs.
time) from each storm.
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USEPA analysis of the pooled national database from all of the project sites could
not explain the variability of the pooled national EMC values by any single factor
such as land use, soil type, land slope, climatology or geographic location. These
and other transferability evaluations led 10 the development of a general
chasactenization of urban runoff which can be used nationwide for estimating
stormwater pollutant loadings from un-monitored areas. The pooled national
NURP urban runoff characierization was recommended for use in planning level
water quality studies, unless more localized water quality data are available.
Another product of the NURP siudy was the development of standard monitosing
and daia analysis approaches which have been used by most subsequent
stormwater pollution studies.

Since the NURP study, other siormwater monitoring studies have continued to
quantify the pollution load contribution to surface waters and to characterize
stormwater pollutant generation, transpory, and fate. The U.S. Geological Survey
(USGS), for example, has developed an urban storm runoff database consisting of
data for 1,123 storms for 98 urban stations in 20 metropolitan areas. The Federal
Highway Administration (FHWA) invesiigated siormwater runoff loadings from
highways by analyzing storm event monitoring data at 31 highway runoff
monitoring sites in 1] states during the 1970s and 1980s.

Monitari

Recently, over 100 U S. cities and numerous industries were required 10 collect
stormwater runoff data under the Phase | National Pollutant Discharge Elimination
System (NPDES) stosmwater. permitting program. Each Phase I municipality was
required 10 characterize stormwater runoff by monitonng a minimum of §
"representative” sites during a minimum of 3 storm eveats. The monitored sites
were chosen to characierize discharges representative of commercial, residential,
and industrial land use activities of the drainage area contributing to the system.
The NPDES sampling protocols were derived from the NURP study. A composite
sample from ecach storm event was analyzed for conventional pollutants (including
nutrieats, solids, oxygen demand, fecal baciena) and for priority pollutants (toxic
organic and inorganic compounds). Stormwater quality characterization data was
based on estimating the EMC from a single flow-weighted composite sample
prepared by combining discrete samples collecled over the duration of the storm
event. The intent of this permus applicati q was 10 ensure that the
system discharges can be appropriately repr d by the various existing data
bases and 10 provide a basis for dcveloping a monitoring plan to be implemented
as a permut condition.

Use of Existing Data

A comprehensive analysis of all available storm event water quality data collected

P .I-..n
over-the past15-20-years-has-not-been-performed—\—comparison-oF NURPd

State of Michigan is presented below. Thice of the NURP studies were located
in Michigan (Washtenaw County, Oskland County, and the City of Lansing) with
approximately 100 storm events monitored at cleven stations. As pant of the
NPDES stormwater permit application process, represeniative outfalls were
tecently monitored in the Michigan Cities of Warreg, Flint, Ann Arbor, and Grand
Rapids and at the University of Michigan. The Michigan NPDES dana includes
EMGCs for approximately 75 storm events that were monitored at 27 stations.

The stormwater monitoring data comparisons presented below are based on the
lognosmal means of the data reponted for each site. When data are characterized
by infrequent extreme observations, as ofien happens in water quality monitoring,
it is appropriate to apply a lognormal distribution. Studies such as the NURP and
FHWA programs described previously have shown that stormwater quality data
are Best represented by the lognormal distribution. The nppmpmle statistic to
employ for comparisons between individual sites or groups of sites is the median
valug, because it is less influcnced by the small number of large values typical of
lognormally disuibuted data. However, for comparisons with other published data
which usually report averago values, the mgan value is more appropriate.

Tablb | compares the Michigan NPDES EMCs for residential, commercial, and -
industrial land uses with the Michigan NURP and national NURP EMCs. [t
should be noted that the NURP sites did not represent any heavy indusirial land
uses; but rather light industrial park land use. In general, the mean Michigan
NPDES EMCs are within the range of EMCs reported under the earlier studies
with; the exception of lead. For oxygen demand (biochemical oxygen demand
(BOD) and chemical oxygen demand (COD)), Michigan NPDES concentrations
are genorally higher than NURP EMCs for residential and industrial land uses
while Michigan NPDES concentrations are lowes than NURP for commescial land
uses: For total suspended solids (TSS), EMCs teponted for the residential and
commercial Michigan NPDES sites are as much as 40% lower than NURP EMCs
whils those for industrial land uses are similar 1o NURP EMCs. Nutrient
(phosphorus and nitrogen) NPDES concentrations are very similar 10 national
NURP EMCs fos all three land use categones. However, lead EMCs reported for
the Michigan NPDES sites which were monitored during 1991 through 1993 are
an ogder of magnitude lower than those reported in the NURP and other eaclier
studies which include data collecied during the mid-1970s through early 1980s.

The primary reason for the decrease in lead EMCs 15 probably the increased usage
of unleaded gasoline.

The previous monitoring studies such as the NURP and the recent NPDES
monitoring programs provide stormwater pollution loading data on which to base
estimates of stormwater pollutant loadings from a given area. In the case of the
Michigan NPDES programs and other programs reviewed, the recent monitoring
dau compucs well with that collected dusing previous studies. Therefore,

collected in the carly 1980s with the NPDES data callected in 1991 - 1993 in the
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TABLE 1
COMPARISON OF SELECTED STATE OF MICIHIGAN MUNICIPAL NPDES MONITORING DATA
TO NATIONAL RUNOFF DATA FOR RESIDENTIAL, COMMERCIAL, AND INDUSTRIAL LAND USE

EVENT MEAN CONCESURATIONS (), 3)
Michigen NFDES J Michigen NURP ()] National NURY (7
L oax | oswe | wean [ v MEAN N | mrax
SEQ
Fi) 128 2 b i 18 34 11
19 36 27 102 " 1) 213 13
L} § 0 2 .7 9 128 1.102 140
L] 123 007 o (1] 032 1.029 047
M 099 0.03 LA} ] {1} 007 3 AL
3 490 0.03 M 96 162 904 238
n 230 0.0) 198 94 0.8 593 . 096
43 2000 3 7 . n 1es 202 1300
49 970 100 96 “ 182 468 s0.0
43 600.0 10.0 189.3 43 1540 91 180.0
AL LAND USE (4)
1] 140 ] N 3 2 [}]] )
3] 130 26 0 9 9 243 92
1] 0 ) n 10 14 309 156
(] 0956 003 (5} ] 1] 01¢ 107 0.29
(1] 0.50 002 olr [{] 007 62 S 047
1L 400 0.s? LM to 128 2 1.6}
3] 150 003 23 9 0.74 09 089
11 1500 1.4 493 10 569 21 288
19 1300 100 1o 10 40 152 ' 618
3800 410 1363 ) 693 228 3998
INDUSTRIAL LAND USE ($)

; n n ] u " 7 28 10
10 150 a 2] 2 o4 3 -8
" m ] 149 n 143 [ 1] .1
? 1.4 008 0 1] 049 6 0.4
1 06y 002 on 30 009 " 047
) 360 1.00 108 36 149 53 :1.93
1 360 130 (R 3 on 40 019
(1] 1300 10 124 2 1nis 26 Jhss
9 moe 128 80 1 30.0 18 i
1 _f1200) oo | 00 § 14 | s | 2 9198

NOTES:

(1) Values below the detection limit were anshzed et $0°4 of 1he detection Himit.

(2) Event mean concentrations asseme that the deta are fognormaily distributed.

(3) Values reported for the Michigan NPDES sites wers ealculsted for 29 single famity storm
qvents and 14 muhi-familv storm events from sites facated in the Cities of Ann Arbor, Flint,
Grand Rapede. and Warren. and st the University of Michigen during 1992 - 9. Valves
reported are the averages of the tingle familv and mutti-family lognormal means.

14) Values reported for the Michigan NPDES sites were calewlated for |9 commercial storm -
events (rom sites located in the Cities of Ann Arbor, Flint. Grand Rapids. and Warren, and
ot the University of Michigen during 1992 - 1993,

(5) Values reported for the Michigan NPDES sites were caleulated for |1 industrial storm events
from sites lncated in the Cities of Flint, Warren. and Grand Repids during 1992.

81 “Final Repon of the Nationwide Urben Runoff Program.” (NURP) USEPA. 1983, Tebles 6-1
through 6-10 for the Pitt AA-N. Grace N, Grand R. Ov, snd Waverly sites and “SEMCOG/
Oakland County NURP Project: Fina) Report.” SEMCOG. 198, Table ) for the combined
Reaver Trail and Suiven Glen sites.

(7) NURP, USEPA, 19%), sdapted from Table 6-12.
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probably not warranted. However, many of the Phase 1 NPDES cities are
proposing to continue this type of program for the S-year permit term.

As mentioned previously, a comprehensive analysis of all appropriate storm event
water quality data collected over the past 15-20 years has not been performed.
We recommend that such analysis be completed to aid in the development of
future monitoring programs. For example, the variability in EMCs among NURP
sites was greater than any observable variability among geographic regions which
made development of land-use specific or regionalized EMC estimates infeasible.
Analyses of the NURP data for seasonal differences among EMCs were either not
performed or not reported by the NURP team. Clearly these analyses. particularly
investigation of regional, geographic, or seasonal differences among EMCs, need
to be performed on the larger database of monitoring data available today to guide
the direction of future stormwater pollution research.

jectiv nitogin

Monitoring data collected under the existing Phase 1 NPDES stormwater
permitting program has further supported the premise that stormwater runolf is a
significant source of poliution to the nation's waterways. Data collecled” during
development of the Phase | permit programs has been and will be used to aid
municipalities and industries in the development and refinement of management
programs to reduce stormwater pollutant loadings to U.S, surface waters.. Most
storrwater management specialists nationwide recognize, however, that effective
management programs for protecting our nation's water resources should be based
on a watershed basis instead of a jurisdictional basis. This sentiment’is also
reflected in the recent. drafts of the upcoming Clean Water Act (CWA)
Reauthorization; both the House and Senate CWA reauthorization bills include
language to this effect.

It is our recommendation that nonpoint pollution management plans and the
monitoring programs which support their devel t and impl ion should
include all nonpoint sources of pollution within a watershed. Many of the
NPDES stormwater programs focus exclusively on characterizing stormwater
pollution from an industry or a municipality. In urban areas, pollutants from other
sources such as atmospheric deposition and contaminated river bottom sediments
may also be significant and should be characterized to support a comprehensive
management plan.

The current NPDES program relies on “end of pipe” monitoring data to assess the
effectiveness of management programs implemented to reduce nonpoint pollution
loadings to a receiving water. This approach does not provide local decision-
makers with information regarding the performance of individual management
measures and programs. We recommend that NPDES monitoring programs also
characterize the performance of individual g es suchasd i

ponds or source control activities within the watershed investigated. This action
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will provide lggal data to guide the development and refinement of management
programs tailored to the characteristics of the local ity. In addition, local
data on the benefits of requiring costly management measures will aid local
decision-mekers in the implementation of siormwater management programs.

Tha overall obj ive of a point p monitoring program such as those
required for NPDES permitting should be to support watershed management
decisions by local decision-makers. Specific abjectives should be:

1) 1o refine land use nonpoint pollution loading relationships within a
watershed,

2) 10 provide quantitative information regarding the pollutant removal
efficiencies that are achieved by structusal and nonstructusal best
management practices (BMPs),

3) 1o provide sufficient ficld data to calibrate and verify pollutant
loading estimates, and

4) 10 conduct special studies to characterize other sources of pollution
(e.g., atmospheric deposition, contaminated sediments, biological/habitat
assessment) to the extent possible.

Y L
The Phase | NPDES stormwater petmlmng progum uqulred collection of
monitosing data during the permis appli § to specifi

protocols outlined in the regulations. During the lerm of the permit, slormwater
quality monitoring is also required but a municipality has more flexibility in
devising the monitoring program. The time frame and costs associated with
collecting an adequate urban stormwater database for planning, implementing, and
evaluating stormwater management plans may, however, exceed the resources
available. Conscquently, it is recommended that all available existing data from
local and segional studies be used. Additional data collection should be carefully
planned to ensure that it does not duplicate previous efforts and can be used to
augmens the existing data. Data collected merely 10 meet permit requirements
may be wasted if it does not support stormwater planning and management needs.

USEPA did not specify minimum standards for the monitoring program to bo
completed by Phase | municipalities and industries dusing the 5-year term of the
permit but allowed the permitees to design their own programs. A review of
monitofing programs proposed by a aumber of Phase | municipalities revealed that
most programs specified continued characterization of land use nonpoint pollution
loading relationships within their community by monitoring/sampling at most of
the same sites monitored dunng the permit apph . The ber of
parametess analyzed, however, is typically substanually reduced from the number

required during the permit application process. Further, most proposed programs
reviewed specified on the order of 4 storm events sampled per site per year.

Most of the proposed permit term stormwater monitoring programs ptoposedh

data do not include provisions for estimating the pollutant reductions achieved by
the structural and nonstructural BMPs (objective 2 above) which already oxist in
the municipality or which may bs implemented as part of a stormwater
management plan. For structural BMPs, available pollutant removal performance
data shows that pollutant removal efficiencies achieved by BMPs will vary from
one storm (o the next. After very large storm events or during wet periods, BMPs
may_ exhibit low or negative efficiencies dus to insufficient detention limes, scaur,
or rgsuspension of sediments. Conversely, higher efficiencies may be achieved
aftet smaller storms or during storms that occur after extended dry pesiods. For
nonstructural BMPs, listle pollutant removal pedformnance data is available in the
literature.  For example, few stormwater quality monitosing programs -have
atempted to document the effectiveness of public education programs aimed at
pnvenung such pollutants as used motor oil and lawn case products from entering
recgiving waters. Many of the management programs propased as part of the
Phase 1 NPDES municipal stormwater permit applications submitted to date,
however, rely heavily on the use of nonstructural BMPs o reduce stormwater
pollptml discharges to the "maximum extent practicable” (MEP) as required in the
regulations. Future NPDES monitoring programs should therefore include
provisions for defining the effectiveness of management programs implemented -
md- for defining the MEP poliutant reducuons for the municipality.

Stormwnct monitoring programs to support NPDES stormwater pormit programs
should be designed 10 provide a reasonable level of statistical significance on an
annual basis as well as over the S-year permit term. - This program design is
necessary if regulatory agencies use annual and cumulative data for assessments
of the effectiveness of management programs. For many pollutanis found in usban
runoff, the efficiencies of structural and nonstructural BMP program ¢lements are
Iikely to be on the order of 5% - 10% (nonstructural) up 10 50% - 90%
(structural). Citywide pollutant loading reductions for typical NPDES stormwater
management programs developed to date are likely 10 be less than 25% for many
poliutants under full implementation. In order to demonstrate the progress of local
management programs over the S-yeas permit term, the estimated mean EMCs
from the municipal monitoring database should have a level of accuricy which
will reflect reductions due 1o BMP programs. If the loading reductions achieved
by the BMP programs are on the order of 5% ~ 50%. it will be difficult to draw
any meaningful conclusions from the monitoring data if the estimated mean EMCs
have a relative ¢rror which is much greater than the BMP efficiencies.

Those monitoring programs designed to provide a reasonable level of statistical
significance on an annual basis as well as over the S-year permit term wall also
demonstrate local benefits of the management program on an annual basis o local
decision-makers and the public. Investigations of receiving water quality impacts
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may also be warranted to 2id in management program assessments. The
monitoring program should also allow for investigations of seasonal and other
bias in the collected data over the S-year permit term. A monitoring program
designed around these tecommendauons should satisfy both objective 1 above
characterization of land use nonpoint loading relationships within a p
and objective 3 above, provide sufficient field data to calibrate and verify pollulam
loading estimates as necessary.

In some urban areas, other nonpoint sources of pollution may cause water quality
impacts equal to or exceeding those resulting from stormwater pollution loadings.
For example, bott diments in receiving waters may be heavily contaminated
and may introduce significant pollutant loads to the water column. Nonpoint
source pollution itoring programs should investigate such sources to provide
data to guide the development of cost-effective watershed management plans,
Guidelines for itoring programs to characterize ‘other nonpoint sources of
pollution (objective 4 above) must be developed in accordance with the locat
situation. '

temative e nitorin

There are altemnative approaches in addition to monitoring the chemical quality of
stormwater which can also. be used to generate environmentally relevant
information to guide the stormwater control plan for a municipal area. Biclogical
and chemical monitoring of receiving waters enable both the evaluation of
receiving water impacts and potential identification of stormwater pollutant
sources, although these tools can be most effective when used in conjunctign with
traditional chemical analysis of stormwater (e.g, end-of-pipe monitoring). One
advantage of including receiving water and biological monitoring in a storiwater
monitoring program is that stream healfth can be directly assessed without relying
solely on chemical surrogates and highly variable stormwater outfall dta. In
addition, use of biological monitoring may help address concerns abéut the
aggregate affect of stormwater pollutants as well as the bioavailability pf those
pollutants. Another benefit of including chemical, biological and receiving water
components in & stormwater monitoring program is that it may provide more cost-
effective information to guide the direction of local stormwater management
plans.

Data Analysis

A critical component of a stormwater monitoting program to support stormwater
management plans is efTectively utilizing the data collected in order to achieve the
program’s information goals and monitoring objectives. The conversion of data
into information should begin with specified data handling procedures including
adherence to quality assurance and quality control protocols. Statistical procedures
for analyzing the collected data should be established to ensure that the
information generated both matches the ability of the data to yield such
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information with confidence and matches the needs and expectations of d

‘makers. Finally, for NPDES permit monitoring programs, the results of the

monitoring program should not be reported independently but as part of the overall
report of the progress of the management program. Other information such as
how much of the system was served by BMPs and how the results guided

g program decisions should be part of the overall management program
report to the regulatory agency.

Conclusions

A stormwater monitoring program to suppost a8 management plan to protect water
resources such as is required under the NPDES stormwater permitting program
should be developed on a watershed basis and should be tailored to address as
many local sources of nonpoint pollution as possible. The development of the
monitoring program should be based on an inventory of alt local sources of NPS
pollution (e.g., utban runoff, contaminated river bottom sediments) and available
local, regionsal, and national data to characterize those sources. In addition,
provision for assessing the success of the management program should be made
in the monitoring program.  Local data on the pollutant removal efficiencies of
preferred structural and nonstructural management pracm:es should be collected
to aid local decision-makers in the devel t, imp ion, and refine t
of the management program. lnvesngmons of receiving wam impacts or
biological assessments may also provide valuable data to guide local nonpoint
polluti t polici Most of the recent NPDES monitoring data
rewewed compares well with that collected during previous studies. Therefore,
continued emphasis on single land use “end-of-pipe" monitoring programs is
probably not warranted. .

Stormwater monitoring programs to support NPDES stormwater permit programs
should be designed to offer a reasonable level of statistical significance on an
annual basis and over the entire permit term. This program design is necessary
if regulatory agencies use annual and cumulative data for assessments of progress
of management programs. This design will also demonstrate local benefits of the
management program on an annual basis to tocal policy-makers and the public,
The monitoring program should also allow for investigations of seasonal and
other bias in the collected data. A critical component of s stormwater monitoring
program to support stormwater management plans is the effective handling and use
of the data coflected.

Continuing research is also needed in the area of stormwater potlutant generation,
transport, and fate. The authors recognize that such research is beyond the scope
of the NPDES stormwater permitting program. This research is necessarv,
however, 10 develop new management practices in the continuing quest to restore
and protect the nation's water resources.

1] Cave
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Locating Inappropriate Discharges to Storm Drains

Richard Field!, Robert Pitr?, Melinda Lalor®, Edward Thackston®

Abstract

This article describes the results of a series of research tasks to develop a
procedure to investigate non-stormwater (dry-weather) entries into storm
drainage systems (Field et al. 1993a, Field et al. 1993b). Dry-weather flows
discharging from storm drainage systems contribute significant potlutant
loadings to receiving waters and although they can originate from many sources,
the most significant include sanitary wastewater, industrial and commercial
pollutant entries, failing septic tank systems, and vehicle maintenance activities.
Protocols are discussed to: characterize the drainage area; locate and identify
polluted outfalls; estimate the magnitudes of non-stormwater entries; and locate
and correct the non-stormwater entries into the storm drainage system. If these
loadings are ignored (e.g., by only considering wet-weather stormwater rundff),
only limited improvement in receiving water conditions may occur with
stormwater pollution control programs.

Introduction
Current interest in illicit or inappropriate connections to storm drainage

systems is an outgrowth of investigations into the larger problem of determining
the role urban stormwater runoff plays as a contributor to receiving water -
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2Associate Professor, Department of Civil and Environmental Engineering, The
University of Alabama at Birmingham, Birmingham, AL 35294.

JAssistant Professor, Department of Civil and Environmental Engineering, The
University of Alabama at Birmingham, Birmingham, AL 35294.

4Professor and Chairman, Department of Civil and Environmental Enginecsing,
Vanderbilt University, Nashville, TN 37235,

quality problems. The EPA's Storm & Combined Sewer Overflow Pollution
Control Research and Nationwide Urban Runoff Programs, respectively helped
highlight the problem with data confirming pollution found in urban storm
drainage systems. Regulatory requirements such as the Nationat Polluton
Discharge Elimination System (NPDES) require certain classes of stormwater
discharges to be permitted. Presently, the NPDES requires certain industries
(Federal 1990) and municipalities with populations of 100,000 or more to
conduct investigations to determine the locations of inappropriate dry-weath
entries into storm drainage systems.

Waters discharged from stormwater drainage systems often include
waters from many non-stormwater sources. A study in Sacramento, Califomia
(Montoya 1987) found that slightly less than half the volume of water
discharged from a stormwater drainage system was not directly attributable to
runoff. Mlicit and/or inappropriate entries to the storm drainage system are
likely sources of this discharge and can account for a significant amount of the
pollutants discharged from storm drainage systems,

The methods described in this paper were developed specifically for
detection of pollution sources in dry-weather flow, but are applicable to wet-
weather flows as well, It must be noted that during wet-weather flow conditions
there will be additional pollutant sources (e.g., roads, roofs, exposed materials
storage, etc.).

Common non-stormwater entries include: sanitary wastewater;
automobile maintenance and operation waste products; laundry wastewater;
household toxic substances and poilutants; accident and spill waste streams;
runoff from excessive irrigation; and industrial cooling water, rinse water, and
other process wastewater. Although these sources can enter the storm drainage
system a variety of ways, they generally result from: (1) direct connections,
such as wastewater piping ¢ither mistakenly or deliberately connected to the
storm drains; or (2) indirect connections, which include infiltration into the
storm drainage system and spills received by drain inlets (Field et al. 1993a),

Direct connections may be defined as physical connections of sanitary,
commercial, or industrial piping that carry untreated or partiaily treated
wastewaters {0 a separate storm drainage system. Usually unauthorized, whether
mistaken or intentional, they represent the most common source of entries to
storm drains by industry.

Indirect connections may be defined as infiltration into storm drainage
systems and non-storm reiated discharges to storm catchbasins and inlets.
Infiltration most commonly occurs through leaking pipe joints and connections
to manholes and catchbasins, as well as pipes damaged by overburden and
subsidence. Groundwater and percolating waters may or may not be




contaminated and will be variable in nature since their levels and amounts can
be dependent upon rainfall cvents.

The procedures described in this paper provide an investigative
procedure that will allow a user to first determine whether significant non-
stofmwater entries are present in 2 siorm drain, and then identify the potential
source calegory as an aid to ultimately locating the source.

It is important to emphasize that the removal of inappropriate entries is
only one aspect of a comprehensive pollution prevention program required for
an effective improvement in receiving water quality.

Procedures

The sequence of “Typical lnvestigation Steps® is illustrated in Figure 1
and briefly described below.
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A) Dminage Arca Mapping

The mapping exercise is carried out as a deskiop operation using existing
data/information and field visits to collect additional data/information and/or
confirm existing information. It must contain complete descriptions of the
drainage areas including: outfall locations, drainage system layout,
subcatchment boundaries for each outfall, critical land-use areas, permitted
discharges to the storm drainage system, city limits, major streets, streams, etc.
Poasibls sources of information include:

- City records and drainage maps.

- Previous surveys, e.g., sanitary sewer infiltration/inflow and sewer

evaluation survey studies. :

Topographic maps. ' .
Existing GIS (Geographic Information System) data.
Pre~development stream locations,
Pre-development site investigations indicating groundwater and water
table information.
~ Drainage department personnel with knowledge of the area.
= Acrtial surveys.

I

‘From mapping activities, possible pollutant sources are identified (o.g.,
industries, landfill sites, areas with septic tank systems, vehicle service stations,
industrjal sites, ¢tc.) and drainage areas with the highest potential for noa-
stormwater entry sources are determined. This can assist in sesting priocities for
field investigation of the outfalls (Field et al. 1993a). However, all outfalls will
require investigation eventually,

B) Tricer Selection -

To detect and identify non-stormwater entries, the-dry-weather outfall
discharge is analyzed for selected tracers. An ideal tracer shouid exhibit the
foilowing properties:

- Significant difference in concentrations between polluting and non-

polluting sources;

- Small variations in concentrations within each likely pollutant source

| category;

- A conservative behavior (i.e., no significant concentration change dus

~ to physical, chemicai, and/or biological processes); and

- Ease of measurement with adequate detection limits, good sensitivity

and repeatability.

A review of case studies and literature characterizing potential
inappropriate entries (¢.g., sanitary wastewater, septic tank effluent, laundry
wastewater, vehicle wash wastewater, irrigation runoff, etc.) led to the

following recommended tracers to identify common potlutant sources in




residential/commercial land use areas :
- Specific conductivity;
- Fluoride and/or hardness:
- Ammonia and/or potassium;
- Detergents and/or fluorescence; and
- Temperatre, chiorine, and pH.

The last three parameters do not fit the previously stated criteria, but can
indicate extreme instances of pollution. Further detaiis on the recommended
tracers are given in Appendix IL. If specific chemicals used by industries in the
watershed are known, it may be possibie to include them as tracers aiso.,

~ In addition to the parameters described above, relative toxicity can be an
important outfall screening parameter. Short-term toxicity tests, (e.g., the
Microtox '™ test from Microbics, Inc.), are valuable for quickly and cheaply
assessing the relative toxicity (to a selected test organism) of different dry-
weather flows. These tests can be used to identify outfalls that contain toxic
flows which may warrant immediate investigation.

Potential sources of dry weather flows commonly identified within
commercial and residential land use areas include spring water, infiltrating
shallow ground water, tap water, irrigation runoff from landscaped areas and
golf courses, sewage, septic tank discharge, commercial laundry waters,
commercial carwash waters, radiator flushing wastes and metal plating bath
waters. Obviously, some of these sources would contribute to pollution
problems, and some would not. However, all have the potential for showing up
in dry-weather flows. Therefore a chemical understanding of each, with respect
to the selected tracers, is needed to build a "library” to which outfall dry-
weather flows can be compared. To obtain the background information needed
to construct such a library, samples are collected directly from the potential
sources identified. To the extent possible, samples should come from sources
within the study area. For each tracer, the concentration means and standard
deviations for ail the potential source flows, is calculated. Without this
information the likelihood of identifying the pollutant sources is greatly
reduced. The selection of a suitable analytical method is discussed later under
the "Analysis of Data/Samples” section.

Field investigations are used to locate and record all outfails, and involve
physically wadding, boating, etc. the receiving waters in search of all known
and unknown outfalls. At each outfall the inspection and sampling should at’
least include:

- Accurate location of outfall and assignment of ID number;

- Photographs of outfall;

- Outfall discharge flow rate estimate (and note whether continuous or

intermittent discharge);

- Physical inspection and record of outfall characteristics including
odor, color, turbidity, floatable matter (fecal martter, sanitary
discards, solids, oil sheen, etc.), deposits, stains, vegetation effected
by potlutants, damage to outfall structure, and discharge water
temperature; and

- Collection of dry-weather discharge samples for tracer analyses in the
laboratory (specific conductivity and temperature can be field
measured).

Intermittent flows will be more difficult to confirm and sample.
Additional field visits, use of automatic samplers, and/or flow damming or
screening techniques must be utilized for detecting and obtaining samples of
intermittent flows.

D)

The recommended analytical procedures and associated equipment in
Appendix III have been selected based on laboratory and field testing of
analytical methods using the following criteria:

- Appropriate detection limits;

- Freedom from interferences;

- Good analytical precision (repeatability);

- Low cost and good durability; and

- Minimal operator training.

For consistent results the analyses should be carried out in the laboratory
and not in the field, except for temperature and specific conductivity. Field
analyses may be conducted for pH by using portable pH meters or litmus paper
depending upon the degree of accuracy required and time constraints. Note: that
pH is a support tracer and not a primary parameter (se¢ Appendix II for further
detail). :

The analysis methods selected must provide adequate detection limits
(i.e., measurement of the lowest required concentration) and precision (i.e.,
consistent results). Methods found suitable for residential/commercial land use
areas are recommended in Appendix {II. These, methods should be checked for
suitability at the proposed study site. In order to estimate the required detection
limit, it is necessary to know or estimate the tracer mean concentration and
standard deviation, The median multipiier values given below, when used in
conjunction with the median and coefficient of variation (COV = standard
deviation/mean) of the tracer in the more dilute flow, provide a quick and
conservative estimate of the detection limit required. These median muitipliers
were detived from the assessment of a large number of probability calculations.
This method is illustrated below:



v ian Multiplicr For D ion Limi
Low (<0.5) 0.80

Medium (0.5 to 1.25) 0.23
High (> 1.29) 0.12

Exampig; COV <0.5

median concentration = 0.5 mg/L
detection limit required = 0.5 x 0.8 = 0.4 mg/L

The analytical precision, defined as the repeatability of the analytical
method, is also an important consideration. It is determined by repeated
analyses of a stable standard, conducting replicate analyses on the samples, or
by analyzing inown standard additions to samples. Precision is expressed as the
standard deviation of the multiple analysis resuits.

E) Categonize Quifalls '

Outfalis must be categorized and subsequently pnondzed so that a plan
of action can be developed. Naturally, the most toxic and dangerous outfalls
nieed to be eliminated first, especially considering the limited availability of
funds in today's strained economic climate. The above anaiysis of the dry-
weather flows provides da to help categorize the outfalls into three groups: 1)
pathogenic or toxic pollution, 2) nuisance or aquatic life (lu'uu:nng pollution,
3) unpoiluted.

The pathogenic and toxic pollutants can cause illness upon water contact
or consumption and significant water weatment problems for dowastream
consumers, especially if the pollutants are soluble metai ind organic toxicants.
These pollutants may originate from sanitary, commercial, and/or industrial
wastewater non-stormwater entries, Additional residential area activities with'a
pollution potential include, household toxicant disposal, automobile engine de-
greasing and oil disposal, and excessive use of chemical pesticides.

Nuisance and aquatic life threatening poilutants include laundry
wastewaters, irrigation runoff carrying heavy loads of fertilizers, vehicle
washwaters, construction site dewatering, washing of concrete ready-mix
trucks, ctc. These pollutants can cause: excessive algal growths; tastes and
odors in downstream water supplies; offensive coarse solids and floatables; and
noticeably colored, turbid, or odorous waters.

Unpolluted discharge from stormwater outfalls can originate from
natural springs feeding urban creeks that have been converted to storm drains,
infiltrating groundwater, infiltrating domestic waterline leakage, eic.

Qurtails must be visited, observations made, and ail dry-weather flows
sampled and tested in order to correlate flows with potential sources. Five

methods for analyzing outtall dry-weather flow data/observations have been
tested. These methods range from relanvely simple reviews of physical

indicators for outfall contamination, to more sophisticated methods requiring
computer modeling for evaluation. Methods | and 2 attempt oaly to distinguish
between contaminated and uncontaminated flows, while methods 3 through §
are useful in identifying the likely sources from which dry-weather flows are
originating.

. P { Indi (G .

Indicators of contamination (negative indicators) are clearly apparent
visual or physical parameters indicating obvious problems that are readily
observable at the outfail during the field screening activities. The direct
examination of outfall characteristics for unusual conditions of flow, odor,
color, mrbldxty. floatables, deposits/stains, vegetation conditions, and damage
to drainage structures is the simplest method of identifying grossly contaminated
dry-weather outfall flows. While this procedure doesn't necessarily identify the
flow source, some sources may be identifiable based on recognizable odors or
floatablés, for example. Pearson Correlation results indicated that high turbidity
(lack of clarity) and odors appeared to be the most useful physical indicators of
contamination when contamination was defined by toxicity and the presence of
detergents. Observable parameters cannot be relied upon as a sole method for
the evaluation of outfails. A contaminated discharge may not be visible and can :
only be determined by other methods (Lalor 1993, Field et al. 1993a).

. I fndi (C -

‘Results from Mann-Whitney U tests during method development
indicated that pure streams from any of the dry-weather flow sources
investigated in this research could be correctly classified as clean or
contaminated based only on the measured value of any one of the following
parameters: detergents, color, or conductivity. Color and conductivity were
present in samples from clean sources as well as contaminated sources, but their
levels of occurrence were significantly diffesent between the two groups (Lalor
1993). If pure streams from only one source were expected to make up outfail
flows, the level of color or conductivity measured could be used to distinguish
contaminated form clean outfalls. However, since this is commonly not the
case, measured levels in outfalls with multipie sources couid fall within
acceptable levels even though a contaminating source was contributing to the
flow. etergents, on the other hand, can be used to distinguish between clean
and contaminated outfalls simply by their presence or absence. “Presence”
translates to the lower limit of detection for the HACH detergent test kit, which
is 3.29 times the standard deviation, or 0.06 mg/L of detergents. This reduces
the probability of a false nondetection or a false detection to 5% (Standard
Methods 1989).




Elow Chart for Most Significans Flow C Identificati
Figure 2 is a flow chart describing an analysis strategy which may be : Figure 2

used to identify the major component of dry-weather flow samples in residential

and commercial areas. This method does not attempt to distinguish among all

potential sources of dry-weather flow identified earlier, but rather the following
four groups of flow are identified: (1) tap waters (tap water, irrigation water * Land Use ia Ares
and rinse water), (2) natural waters (spring water and shaifow ground water),
(3) sanitary wastewaters (sanitary sewage and septic tank discharge), and (4)
wash waters (commercial laundry waters, commercial car wash waters, radiator
flushing wastes, and plating bath wastewaters).

The use of this method would not only allow outfall flows to be
categorized as contaminated or uncontaminated, but would allow outfalls
carrying sanitary wastewaters to be identified as such. Thess outfalls couid then
receive highest priority for further investigation leading to source control.

This flow chart was designed for use in residential and /or commercial
areas onty. Investigations in industrial or industrial/commercial land use areas
must be approached in an entirely different manner (EPA 1993).

In residential and/or commercial areas, all outfalls shouid be located and
examined. The first indicator is the presence or absence of dry-weather flow. If
no dry-weather flow exists at an outfall, then indications of intermittent flows
must be investigated. Specifically, stains, deposits, odors, unusual stream-side
vegetation conditions, and damage to outfall structures can all indicate
intermittent non-stormwater flows. However, frequent visits to outfalls over
long time periods, or the use of other monitoring techniques, may be needed to
confirm that only stormwater flows occur (Field et al. 1993a). If intermittent
ﬂow is not indicated, then the outfail probably does no have a eonummated

on-stormwater source, Theotherpomtson the flow chart serve to mdnmnfa
ma;or contanminating source is present, or if the water is uncontaminated (hlor
1993). Component contributions cannot be quantified using this method, and
only the “most contaminated® type of source present will be identified. Sources
are ranked from lowest to highest based on their contamination potential in the
following way: (1) Natural water sources, (2) Tap water sources, (3) Wash
water sources, (4) Sanitary wastewater sources. Numerical values presented in
the flow chart were developed from source flow data collected during metitod
development in Birmingham, Alabama (Lalor 1993). Values should be verified
for other locales.

If more specific source information is desired, 2 more complex appmu:h
is necessary. Algorithms based on the simuitaneous solution of a series of
chemical mass balance equations have been developed to predict the mast likely
flow source, or sources, making up an outfall sample, and are discussed in the

following paragraphs. The degree of accuracy achievable will depend greatly
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upon the extent of local tracer data gathered to describe potential source flows.

Flow contnbutions from various sources may be estimated by using a
‘receptor model® based on a set of chemical mass balance equation. Such
models, which assess the contributions from various sources based on
observations at sampling sites (the 'receptors'), have been applied to the
investigation of air pollution sources for over 20 years. The characteristic
“signatures” of the different types of sources, as identified in the library of
source flow dawa developed in the study area, allows the development of a set of
mass balance equations. These cquations describe the measured concentrations
in an outfall's flow as a linear combination of the contributions from the
different potential sources. A major requirement for this method is the physical
and chemical characterization of waters collected directly from potential sources
of dry-weather flow. This allows concentration pattems for the parameters of
interest to be established for each type of source. If thess partems are different
for each source, the observed concentrations at the outfall will be a linear
combination of the concentration patterns from the different component sources,
each weighted by a source strength term (m,). This source strength term would
indicate the fraction of outfall flow originating from each likely source. By
measuring a number of parameters equal to, or greater than, the number of
potential source types, the source strength term could be obtained by solving a
set of chemical mass balance equations of the type:

G2 lmin

where C, is the concentration of parameter p inmeoutfallﬂowandx,. is the
concentration of parameter g in source type . As noted above, the m, term
represents the fraction contribution of flow from source type n affecting the

outfail dry weather flow. The selection of parameters for measurement should
reflect evaluated parameter usefulness.

1 | Mass Bal Outfalls with M Carlo Sampli

The Monte Carlo method goes one siep further than the matrix algebra
solution by allowing the variation within the library values for each source type
0 be considered. Instead of using a single value (i.e. mean value) t0 represent
the parameter concentration (C,) for each likely type of source flow, a Monte
Carlo simulation is used to randomiy select values from a statistical distribution.
Monte Cario sampling is a traditional method of sampling randomly across an
entire input variable distribution. Any value across the range of the distribution
is possible, aithough the sampling i3 influenced by the relative probability

being selected, (Lalor 1993).

Based on samples collected from known sources, probability
distributions are calculated, for each parameter (conductivity, fluoride,
hardness, etc.), within each potential sourcs flow. Distributions considered in
this procedure include normal, log-normal, and uniform. Local source flow
quality monitoring is necessary to obiain this information, as discussed
previously.

Monte Carlo simulation generates sets of concentration values based on
the mean, coefficient of variation, and distribution of each parameter within
each source. A set of equations is established for each set of sampled
concentration values generated by the Monte Carlo simulation. The fraction of
flow from cach potential source is calculated by solving each set of equations.
These low values are then stored. Multiple trials are used to calculate the most
probable sources of contaminants for each outfall,

E._Investigaii { Remediati

The investigation of pollutant sources involves upsiream surveys (o
progressively narrow the drainage area(s) of concem and locate the poilutant
source(s). Upstream surveys can take a number of forms including:

1) Analysis of dry-weather flow at strategically designated upstream

: manholes and/or access points which includes ail or some 'of the methods
s and parameters measured at the outfall;

2 In-depth watershed evaluation of potential sources, achieved by

. developing on information gained during mapping and tracer data

. collection; and

3) Localized surveys by visual inspection, TV camera susrvey, and

. smoks and dye tests,

{n some of the case studies investigated, correcting problems only at the
most contaminated outfalls resuited in insufficient receiving water quality
improvements. Therefore after the contaminated outfalls have been identified,
most of them are likely to require correction if receiving water quality recovery
is to be affected. However, categorizing the outfalls allows the most serious
outfalls to be recognized and cormrective action to be initially concentrated in the
most cost-effective manner.

For an effective improvement in receiving water quality (assuming a
problem exists), the investigation and correction of only illicit scormwater
entries is unlikely to soive the problem. Dry-weather flows are only one source
of pollutants and an effective improvement may require a comprehensive
investigation and remediation program covering wet-weather induced flows as
well.

assigned (o cach value. The more probable values will have a greater chance of
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Discussion and Conclusi

The main purpose of the research from which this paper emanated was to
develop and test an effective screening methodology to identify storm sewer
outfails which are contaminated by illicit discharges in residentiai and
commercial land use areas. Stormwater outfall screening methods presented here
were tested in residential and commercial land use areas only. Techniques
appropriate for industrial land use areas are discussed in Investigarion of
Inappropriate Pollutant Ensries into Storm Drainage Systems (EPA 1993).

Each of the screening methodologies evaluated is based on the location
and investigation of stormwater outfalls with dry-weather flows. Consideration
must be given (o the potential of outfalls to carry intermittent discharges.’
Intermittent discharges are not inconsequential, and are likely to be missed
during infrequent outfall screening visits. Care should be taken to note evidence
of intermittent discharges, such as unusual sediments, stains, odors, or abnormal
vegetative growth around outfails.

Additionally, field work associated with this research confirms the
importance of investigating all storm water outfalls and direct discharge pipes
encountered, not just those within a specific size range. Some of the most
contaminated flows encountered were issuing from small pipes (Lalor 1993).

The use of negative physical indicators of contamination alone, such as
color, odor, lack of clarity, and the presence of floatables or deposits, resulted
in a high false negative rats of 20%, and a false positive rate of 10%.
Examination of outfalls for negative indicators of contamination identified only
the most gmnly contaminated commercial outfalls. Outfalls carrying sanitary
wastewaters in mixtures with uncontaminated waters, one of the most senom
concemns, were frequently missed using this method.

Testing dry-weather flows in residential and commercial areas for only
the parameters identified by EPA as minimum requirements, (pH, chiorine,

copper, phenols and detergents), can be used to accurately categorize outfalls as
contaminated or uncontaminated. This determination in fact can be based -
simply on the presence or absence of detergents (lower limit of detection 0.06
mg/L as MBAS). During this research effort in Birmingham, Alabama, alt
flows from contaminated outfalls contained detergents, while all flows from
uncontaminated outfalls did not. No false positives or false negatives resulted
from the use of this method. No further prioritization of outfalls was possible
using only the parameters identified by EPA. However, in residential and
commercial areas, pH. total chlorine, totat copper, and total phenols could be
useful in identifying industrial discharges not previously known to exist wnhm
the drainage area (EPA 1993).

Testing for fluoride, ammonia, and potassium, in addition to detergents,
allowed for further prioritization of outfalls, by identifying the outfalls most
likely to be contaminated by sanitary wastewaters, wash waters, or relatively

13

clean tap water sources. Using the flow chart presented in Figure 2, the most
serious contaminating source can usuaily be identified for each outfall, whether
or not the flow it a mixture originating from several sources. In flows issuing
from a single source, the sole flow component can be identified. n muitiple
source flows which include at least one contaminating source, a contaminated
source can be identified as long as it comprises at least approximately 10% of
the flow. In mixed flows, contaminating sanitary wastewaters may be
incorrectly identified as wash water when they contribute less than about 25%
of the flow. This depends on the ratio of ammonia to potassium in both the
sanitary wastewater and the other flow sources. The use of the flow chart in this
research resulted in no false negatives, no false positives, and further, the
correct identification of the most contaminated source contributing to each
outfall anaiyzed (Lalor 1993).

The use of chemical mass balance equations as a means of identifying ail
sources contributing to flow at a given outfall is appealing in theory. However,
this research indicated that the amount of variation present within potential
sources of dry-weather flow, as well as the likelihood of unexpected and thus
uncharacterized flows, especially in commercial areas, made this method
ineffective for use in this application, Possible additional modification to the
chemical masss balance program, such as allowing for the inclusion of more.
equations than unknowns, variable weighting, and the linking of variables with
relatively high correlation coefficients, could improve its effectiveness (Wilson
1958). However, these modifications are not likely to fully compensate for the
highly variable character of many of the potential dry-weather flows which will
be encountered in this application. The amount of time and effort required to
adequately identify and characterize potential sources also decreases the
economic advantage of this method over wide-scales dye testing. Use of the
chemical mass balance method in this research, with no threshoid for program
noise, resulted in a false positive rate of 40%, and no false negatives. Further,
the most contaminated contributor to flow was incorrectly identified 70% of the
time. )

Defining a threshold level, based on analysis of many samples from
known sources, and disregarding identified flow contributors below this level,
reduced the false positive rate to zero while maintaining a false negatives rate of
zero. However, the most contaminated contributor to flow was still incorrectly
identified 50% of the time, making this method less usefui for prioritizing
outfalls than the simpler flow chart approach.

In summary, the following screening methodology is suggested. All
stormwater outfalls and direct discharge pipes should be located. All dry-
weather flows should be sampled, regardless of the size of the pipe. Evidence of
intermittent flows should be noted, and the affected outfalls should be visited
again. The flow chart in Figure 2 should be used as 2 guide for interpreting
screening data. [t is extremely important to determine the fluoride, ammonia,
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and potassium values for ground, surface, and tap waters in the local study area,
if outfall screening data is to be interpreted with confidence. Outfall samples
collected shouid be tested first for detergents. If desired, samples testing
negative for detergents could be tested for fluoride, to identify flows from
relatively ciean tap water sources. Sampies testing positive for detergents should
be tested for ammonia and potassium. A high ammonia-to-potassium ratio
indicates those outfails most likely to carry flows from sanitary wastewater

sources. These outfalls sources receive the highest priority for source correction
measures.
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Appendix [I: Recommended Tracer Parameters

Specific Conductivity- Specific conductivity can be used as an indicator of
dissoived solids (i.c., ions). The variation between waier and wastewater
sources can be substantial enough to indicate the source of a dry-weather flow,
and because the measurement is easy, quick, and cheap it is a suggesied tracer.

Fluoride- Fluoride concentration should be a reliable indicator of potable water
where fluoride levels in the raw water supply are adjusted to consistent levels
and wheze groundwater has low natural fluoride levels.

Hardness- Hardness may be useful in distinguishing between natural and treated
waters, (like fluoride), as well as between clean treated waters and waters that
have been subjected to domestic use. It should be noted that hardness of waters
varies considerably from place to place, with groundwaters generaily being

Ammonia/ Ammonium- The presence or absence of ammonia (NH3), or
ammofium ion (NH4+), has been commonly used as a chemical indicator for
prioritizing sanitary wastewater cross-connection drainage problems. Ammonia
should be useful in identifying sanitary wastes and distinguishing them from
commercial water sources.

Potassium- Greater potassium concentrations have been noted for sanitary
wastewaler compared (o potable water during studies reviewed. These potassium
increases following domestic water usage reveal its potential as a tracer

Surfactants and Fluorescence- Surfactants from detergents used in houschold
and industrial laundering and other cleaning operations resuits in high
concentrations in wastewater. Anionic surfactants account for approximately
two thirds of the total surfactants used in detergents in the U.S., and are
commonly measured as Methylene Blue Active Substances (MBAS).

- Water fluorescence is also an indicator of detergent residue in waters.
Most detergents contain fabric whiteners which cause substantial fluorescence.

pH- The pH of most dry-weather flow sources is close to neutral (pH = 7)
However, pH values may be exweme (below 6 and above 9) in certain
inappropriate commercial and industrial flows or where groundwaters contain
dissolved minerals. If unusual pH values are observed, then the drainage system
needs (o be carefully evaluated. Note that pH values are a power functiop and
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therefore flow contributions cannot be proportioned in the same way
concentration values can.,

Temperature- An elevated temperature of a receiving water can indicate
contamination, particularly in cold weather. Sanitary wastewater and cooling
water are examples of sources in which temperature elevation may be noted.

Total Available Chlorine- Chlorine is not stable in water, especially in the
presence of organic compounds. The chlorine demand of contaminated water
can be very large, with chlorine concentrations decreasing to very small values
after short periods of time. The presence of chlorine in dry-weather flow could
indicate a significant and very close potable water flow source or industrial
discharges. (Field et al. 1993a). :

Appendix Ill: Recommended Tracer Analysis Methods

Specific Conductivity and Temperature- Field measure using 2 multi-parameter
SCT meter from YSI. Both specific conductivity and temperature must be.
calibrated against standard specific conductivity solutions and a standard
thermometer.

Fluoride- Lab. anaiysis using a field ﬁuvphomm and evacuated reagent
and sample vessels (HACH DR/2000M and AccuVac™ ampules using :
SPADNS reagent, without distillation). The samples should be filtered through
2 0.45 1 membrane filter (e.g., Millipore™ ™" filter) before analysis to minimize
color interference. ’

Hardness- Lab. analysis using a field-titrimetric kit (HACH Digital Titrator
Model 16900). Filter as for Fluoride. -

Ammonia- Lab. analysis using a di esslerization procedure and
meter (HACH DR/20001™ Nessler method, but without sample
distillation). Filter as for Fluoride. h

Potassium- Lab. analysis using either a spectrophotometer (HACH DR/2000T™
Tetraphenylborate method), or a flame atomic absorption spectrophotometer (if
available). Filter as for Fluoride.

Surfactants- Lab. analysis using a simple comparative colormetric (color wheel)
method (from the HACH Company). Filter as for Fluoride. This procedure to
be conducted under a laboratory fume hood.

Fluorescence- Lab. analysis fluorometer (Tumer model 111). The fluorometer

has general purpose filters and lamps and should be operated at the most
sentsitive setting (number one aperture).

pH- Lab. measurement using a standard laboratory pH meter after accurate
calibration using at least two buffer solutions bracketing the expected sample pH
value. Field measurements can be made utilizing pH meters or litmus paper
depending upon degree of accuracy required and time constraints.

Chlorine- Total aTvahfllable chlorine was determined with the DPD method using a
HACH DR/2000™ spectrometer with AccuVacI™ ampules.

Water color- Lab. measurement using 2 simple comparative colormetric (color
wheel) field test kit from the HACH Company. Apparent color (unfiltered
samples), expressed in HACH color units.

Turbidity- Lab. measurement using 2 HACH Nephelometer.

Tonicity screening- Microtox ™ (from Microbics) toxicity screening for '
refative toxicity values. The 100 percent screening test was most commonly-
used. If the light output decrease after 25 minutes (the I25 value) was greater
than 50 percent, then the standard Microtox test was used to determine the -

sample dilution required for a 50 percent light decrease (the EC5q value). (Field
etal. 1993a). !
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FINDING ILLICIT CONNECTIONS & DISCHARGES WITH P'IL

John D. Minor', B.Sc.,M.Sc.

Abstract

The City of Scarborough is a lower tier (area) municipality of 172 square
kilometres, population of about 550,000 and borders on the north shore of Lake
Ontario, About 85% of the area is fully developed with 7 distinct areas zoned as
Industrial Districts (16% of total area). About 400 known ICl sites have
stormwater discharges (70% are in Industrial Districts). The City is drained by
three watercourses which receive stormwater from 826 outfalis. Thirty-two large
outfalls discharge directly to Lake Ontario. Storm outfall and up-pipe pollution
prevention efforts utilize aproximately 6,000 manhours per year, Analytic .
laboratory costs average $35,000 CDN per year. Equipment costs average $15,000
CDN per year. First year start up costs approximate $200,000 cpN for 70% of
total area. No stormwater discharge permits are issued in Scarborough except for -
“once-thru cooling water® to storm. All storm water quality is specifjed by a
Sewer Use Bylaw on a concentration basis, not load. All outfalls, drainage areas
and pipes have been digitally mapped. Watercourses are monitored at select
locations during dry and wet weather, and on a seasonal basis. Specific storm
drainage areas receive intensive investigation. OQutfall problems are identified by
chemical, blological and visual criteria. Problem outfalt (storm sewerage)
investigative techniques include visual, biological degradation, chemical and
physical assessment. Discharge characterization techniques using flow meters,
non-intrusive sensors, video cameras, absorbent sticks/pads (for petroleum), dye
testing, smoke testing and pressure testing assist in problem verification. ‘Finding
illicit connections and discharges requires dedicated Programs with Procedures
that may be executed with Intuition and occasionally Luck (P’IL).

Introduction

Storm water issues in the Province of Ontario have received increased profile and
priority since the early 1980°s, The Ontario Ministry of Environment and Energy

' Manager of Water Resources, City of Scarborough, 300 Consilium Place, Suite
1000, Scarborough, Ontario MIH 3G2 CANADA
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(MOEE) and the Ontario Ministry of Natural Resources (MNR) regulate all issues
on a province-wide basis. Provincial agencies, such as Conservation Authorities,
regulate some water issues on specific watershed bases.

The MOEE regulates predominantly water quality issues, and permits the taking
of water from surface and groundwater sources, The MNR regulates water as a
habitat and resource issue. Conservation Authorities focus on water quantity
control, flood and erosion issues. Legistative authority over storm water related
issues rests predominantly in the:

. Ontario Water Resources Act (enforced by MOEE )

. Environmental Protection Act (enforced by MOEE )

. Federal Fisheries Act (as enforced by Provincial MNR)
However, other legislative acts have impact on water discharge (quantity and
quality) issues, The Building Code Act (1990) includes regulations pertaining to
plumbing and drainage specifications for private lots and some industrial activities.

As environmental concerns and public awareness increased in the mid 1980's, the
specific legisiation and regulations of the late 1970’s and early 1980°s have been
“enhanced” (with many well intentioned Interim Guidelines.... and Draft Interim
Guidelines ..... ) without amending the legislation. The bottom line of all
regulations pertaining to discharges of storm water to the environment is that the
owner (or controlling party) of the discharge is deemed to be responsible.

The City of Scarborough (172 square kilometres, population 550,000) owns and
operates all sewer conveyances. The City does not own or operate sewage
treatment services; treatment is provided by the upper tier Metropolitan Toronto
Regional government. All storm sewer conveyances discharge at outfalls or
ditches (approximately 825 in Scarborough) into the local waterway
(environment). Hence, the City of Scarborough is responsible for local discharge
quality issues. Currently no storm water discharge permit or approval process at
the municipal fevel (other than to allow once-thru cooling water on a site by site
basis) is practiced. No specific revenues are generated on storm water; general
“sewage rates” are calculated on potable water consumption .

The MOEE proposed program of Municipal Industrial Strategy for Abatement
(MISA, 1986) includes detailed specifications for quantity and quality of discharge
to the environment from seven industrial sectors and the municipal sector. Many
of the "direct” discharge sectors (industrial) have been phased in by 1994, The
final sector (municipal with "indirect” dischargers) has yet to be brought forward.

Some Regional and Area municipalities, in preparation for MISA and other
proposed by-law enhancements, have undertaken waterway and outfall evaluations.
The MOEE has provided varying levels of financial assistance through subsidy
programs.

Municipalities within the Great Lakes Basin area of Ontario have been provided
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with yet another challenge by the Canada-U.S. Great Lakes Water Quality
Agreement under the International Joint Commission (IJC). Forty-thres specific
*Areas of Concern® were identified in the Great Lakes Basin. The Metropolitan
Toronto and Region (which includes the City of Scarborough as an area
municipality) was specifically identificd and a Remedial Action Plan (Mctro RAP,
1994) has beea created. Action plans proposed in the RAP include specific Trace
and Disconnect Programs for cross connections in both Residential and
Industrial/Commercial/Institutional (ICI) locations.

Clearly, the intent to improve storm water discharges in Ontario has now been
conveyed to public and political audiences, as well as to the municipal and private
ICI corporations.

In response to this intent and scrutiny, the owner of a discharge (outfall) must
carefully provide a blended response to:

. public expectation
. political promises
] tegulatory requirements/due-diligence

. budgetary constraints '
Such a biended response must carefully compare the benefits between short term
projects and long term programs.

The City of Scarborough has developed a series of programs dedicated to pollution
control and storm water issues. Finding and correcting illicit connections is a
major component of these programs. These programs have specific procedures
that, on occasion, may be augmented with intuition and Juck.

Experience supports the premise that the most successful ventures into storm waier

issues should start with the creation of a long term program having specific

descriptions of:
. inteat (including long term eavironmental benefit, corporate due-
diligence and regulatory compliance)

. objectives that are open to public and regulatory scrutiny,
endorsement and suppost

. goals (measurable actions or parameters used for determining
program progress)

. budgetary and staffing requirements

~

Short lesm ventures, scasonal projects and site specific actions all have immediate
political and public appeal because dollars are quickly spent and visible action is
taken. The long term success of these ventures, however, may not be readily
appreciated, achicved or even verified. A program for finding and correcting

At the municipal government level, the loag term success and survival of the
program requires a complete understanding, clear documentation and disclosure
of the true intent and goals of the program. Specifically, the ideal program
should;
i) be created and considered as a long tesm program and not as a project of
a few years duration.
it) clearly state the obvious environmental problem(s) and associated human
" health risks so that officials and the public have (and continue to have) a
high level of comfort with budgetary and staffing issues.
iii) ~ state realistic goals, with realistic schedules that will be reported on
annually.
iv)  have annual review procedures for staffing and budgetary requirements,
+ and actively seck funding from existing or new senior government
. subsidies.
The City of Scarborough currently enjoys strong political and public support for
its programs. This is very important o program longevity and funding as no
discharge permit or approval process (and associated revenues) curreatly exists.
All program funding is achieved through tax based annual budgets.
H

'

A successful investigation program should be carefully and completely planned
before field efforts begin; ficld implementation should be phased in over two
years. Implementation schedules should be carefully scrutinized and reassessed
throughout the second year.

Phase I

To avoid lost time, effort and Incorrect assessments, the first phasc should be

primarily administrative with minimal fieldwork. Specifically;

i) Watershed areas should be mapped with associated overlays of street grid

" and sewer layout (including both sanitary and storm). A Geographic
Information System (GIS) with digitized mapping facilitics can provide an
ideal format,

ii)  Each watershed area should be mapped with locations and identification
codes of all storm discharge locations (outfalls, ditches, infiltration
pits/lagoons, significant overland flow routes).

iii) A drainage map for cach storm drainage area, sesviced by an individual
discharge outfall, should be constructed with site specific ideatification of:

. all manholes (maintenance holes) and catchbasins
combined sewer arcas

combined sewer overflow (CSO) locations

sanitary pumping station overflow and forcemain locations

septic or holding tank sites (arcas not serviced by sanitary

illicit connections shoul aged

outfall and waiercourse management siraiegy.
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iv)  Each drainage area map can then be enhanced with:

o industrial zones/districts
specific industrial sites
once-thru cooling water discharge locations
major transportation corridors and industrial traffic routes
individual lateral connections to the sewers may also be
Identified if historic connection cards and a digitized Sewer
fnventory Maintenance System (SIMS) are available

Phase 11
Field verification of outfall location, size and construction material should
commence at the end of Phase ! and continue throughout Phase I1. Specifically,
i) attention should focus on access rautes, access hazards/restrictions.
Instructions to staff (or access by gates/grates should be coded.

i) each outfall should be photographed and coded for speciﬂc outfall
identification.

i)  all outfalls (and drainage areas) should be ranked by size of pipe (hence
approximate size of drainage area) and potential number of lateral
connections.

iv)  lateral connections can also be ranked by size and/or by code for street
catchbasin, residential lot, ICI lot, etc.

Phase I

Field assessments should always be conducted by teams (minimum 2 petsons per

tearn) where each person is fully trained and certified (when :ppmprme)

confined space access

first aid/CPR

road closure and traffic control procedures

sampling procedures

chain of custody procedures

data logging

Screening procedures should be conducted in progression as follows:
. outfall assessment
. up-pipe investigation
. focus on specific sewer branch and lateral connection
. verification and documentation for correction and/or legal action

Qutfall Assessment Procedure

a) Visual assessment for solids, odour, colour, oil and grease “sheen®, paper
and rags, structural damage and acid erosion, can be enhanced with visual
clues of biological degradation/enhancement (loss or proliferation of
aquatic vegetauon. macrophytes or invertebrates in tl\e immediate area of
the receiving water).
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b) sample parameters should include field measurement of
flow rate (L/sec)
temperature (°C)
dissolved oxygen {mg/L)
pH
. conductivity (gmho’s/cm)
<) Grab samples should be taken if flow is greater than a trigger limit
(ie. 0.1 L/sec). Analysis of samples should include parameters in Fig. 1.

* o o @

Figure 1: SAMPLE PARAMETERS AND THRESHOLDS USED TO
SELECT OUTFALLS FOR UP-PIPE INVESTIGATION

Parameter Threshold  Units
Escherichia Coti (EC) 10,000 1100 mL
Faecal Coliforms ’ (FO) 50,000 1100 mL
Faecal Streptococci (FS) 50,000 1100:mL
Pseudomonas Aeruginosa (PA) - 100 100:mL
Total Kjeldahl Nitrogen (TKN) 5.0 mg/L
Total Phosphorus . (TP) 1.0 mg/L
Copper : - [(a])} 1.0 mg/L
Zinc ZN) 1.0 mg/L
Lead (PB) 1.0 mg/L
Cadmium {CD) 1.0 mg/L
Chromium (CR) 1.0 mg/L
pH 8;{) 6.0>pH>9.5

Total Solids ) 1000 mg/L
Dissolved oxygen (Do) <S5 mg/L
Temperature ' (Temp) >45 *C
Biochemical Oxygen Demand (BODS) 5.0 mg/L

Additional parametres may include: )
¢ Oil/Grease reported as  {) animal/vegetable
if) mineral/synthetic
® Chemical parameter(s) specifically related to tocal ICI

Characterization of outfalls is the most labour intensive and costly activity of the
program. Itis also a very important activity (second only to finding and removing
a cross connection) and must be carefully documented for compliance and
enforcement issues, long term trend analysis and watershed loading estimates.

Bacterial data should be reported as a geometric mean count per 100 ml sample
volume,
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Chemical concentrations should be reported as flow weighted mean concentrations
(FWM); this removes some bias associated with extreme variations in flow rates,
FWM = -qcin
q/n
where q = flow rale
¢ = conceatration of parameter
n = pumber of samples collected for parameter

Load calculations shouid be expressed as an arithmetic average load (L),
L= qc/n

All visual data should be summarized and ranked by presence/absence criteria. All
chemical and physical data should be summarized and ranked by concentration.

Outfalls having visible problems plus chemical and physical data in exceedance of
threshold values should be prioritized for immediate up-pipe testing.

Qutfalls having no visible problems may have chemical or physical problems.
Ranhng by FWM and loadings will assist in priositizing specnfic outfalls for up-
pipe investigation.

Always use the same investigation team ona pnonuud outfall. Personal insi;ht.
experience and continuity of field procedures are very important in minimizing
time and cost. Intuition should be considered but always verified by sampling.

The goal of up-pipe testing is to determine which leg of sewer (between sequential
manholes) is receiving the offending discharge.

Regardless of the residential or ICI nature of the drainage area, visual clues and

bacterial testing provide the most esfective initial investigation because:

. visual clues of rags, paper, oil/grease and solids are readily seen in flow
oc on benching in manholes and pipes

. bacterial tests are usually reported in 24 1o 36 hours (compared 10 2 to 3
weeks for chemical tests)

. residential cross connections are usually whole house or basement
washroom in origin; bacterial counts will be high (E.C. > 10%) with only
some measurable chemical parameters

. industrial whole building or unit cross connections usually include locker
and washroom facilitics (industrial sites with multiple sewer connections
will require visual and chemical testing after bacterial cross-connects are
removed)

In an area which is predominantly ICI or is knowa to have specific chemical

users, chemical tests specific for that area will result in better investigation
progress but cost significantly more in analytic costs and extended turn around
times.

In arcas having mixed residential and ICH, especially in large arcas serviced by
storm pipes > 700 mm, the visual and bacterial tesis should always be investigated
and solved first.  Afier bacterial sources are removed, chemical lesting can
proceed without interference form alternate sources.

a) Manhole entry locations and sampling frequencies are best determined by
- the knowledgeable ficld team.

- In small drainage arcas (pipes <700mm dia.), 5 to 7 manhole entrics for
visual and bacterial testing should provide a good definition of problem
area.

‘- In larger drainage arcas (pipes >700 mm dia.) the first sampling effort
© may require 10 to 12 manholc entries to successfully sample major
intersections and pipe branches.

b)  Based upon the visual and first series of bacterial results, subsequent
sample runs should include 3 to § sequeatial manholes in the suspect pipe
branch.

Typically, visual clues become more evident as one gets closer 1o ths site.
Within 200 to 300 metres of the sousce, average EC:FC:FS:PA counts are
2 10%10%10%10°. Typical storm scwers and outfalls having no sanitary
sewage input have average EC.FC:FS:PA counts s 10%10%:10% 10°.

<) When the affected leg of sewer has been identified, it must be vesified by
visual, bacterial and chemical testing (with flow estimates) in the upstream
and downstream manholes.

d) Once verified, the difficult task of identifying the exact point of discharge
. to the sewer can be undertaken;

i) Residential areas require house by house dye testing of sanitary
facilisies. This is laborious and typically <50% of buildings are
accessible on any given day of effort. Repeated returns o the area
may accomplish up to 85% of building testing but rarely is 100%
access acquired without sending registered letters and pre-arranging
after-hour/weekend testing.

ii) ICI areas are significantly casicr to dye test because they have
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fewer lateral connections and usually have control manholes for
direct access. Large individual ICt site cross connections can

result from:

. site or building expansion over existing outdoor drains and
catchbasins

. outside storage area and loading and receiving bays may not

have spill containment facilities
jii)  When access problems occur in residential sites or certain ICI sites,
alternate tests may be progressively used:

. smoke tests in sanitary sewer

. smoke tests in storm sewer

. video camera (in-pipe) to find and observe offending lateral
. dye testing rain water feaders :

Difficult Scenari

Scenario #1: No definite leg of sewer (between sequential manholes) can be
identified after 3 or 4 sample runs. The investigation team should
suspect;

i) faulty structure or integrity of sewers which allows
contaminants to escape from the sanitary sewer, cross
bedding material and infiltrate the storm sewer, ~Pressure
testing the sanitary sewer is a suitable verification test under
these circumstances.

i) more than one source of contaminant exists, however,
sources are intermittent because of shiftwork or weekend
schedules. :

ili)  theoffending party has observed investigation teams efforts
and has altered business schedule to avoid delecu'on.

To deal with issue ii) and iii) the investigation team should leave the area
for about a week, then return and install aulo samplers that collect discrete
hourly samples. These auto samplers may be augmented with flow loggers
or pH sensors to help define the timing of discharges into the branch
sewer, :

Scenario #2: Fullinvestigation and in-pipe video reveals no lot fateral connection
(typically a chemical, not bacterial problem). The investigation
team should suspect;

i) spills or illegal dumping into roadside catchbasins or utility
chambers. Catchbasin sumps and chambers should be
checked for evidence. Surveillance of the area using time
delay video recordings or unmarked vehicles may prove
successful.
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i) infiltration into storm pipe during rain events or seasonal
high groundwater that is moving contaminants from
adjacent lands (landfill sites, industrial site, septic beds,
etc.) To verify this problem, a series of boreholes and
subsequent soil/water testing should be conducted in the
immediate vicinity. Positive results may lead to a large
scale and costly remedial effort at source and in the utility
trench.

Documentation

The initial phases of program creation (mapping, coding locations, etc.) will
become the backbone of a successful program. Proper and complete
documentation of all efforts, observations and findings must be carefully and
securely filed.

Strict supervision of field staff and their documentation is also necessary. The
*thrill of the chase® usually expedites the finding of the cross connection.
Concurrent poor documentation may inhibit the correction of the alleged problem
especially if the owner becomes adversarial; the good luck of quickly finding the
source may tur to bad tuck. )
Outfall characterization data and cross connection efforts will complement other
watershed or stormwater management program efforts. Proper documentation and
filing of data will help explain variations in local watercourse conditions. This
documentation s essential in maintaining a high level of comfort with government
officials and the public.

Summary

The Program and Procedures have been created, and are currently used, in the
City of Scarborough. They have evolved (and sometimes regressed) over the
years, hence the current program contents have been polished with hindsight.

The creation of a similar program must have full and accurate disclosure of
financial and staff requirements from its inception. Failure to properly budgetand
controt expenditures, even if many cross connections are found and corrected, will
jeopardize the survival of the program.

Start up costs, in the first year, need not be excessive. Scarborough contracted
Phase [ (without digitizing), Phase 11 and Phase 111 (only outfall characterization)
for 70% of the City (554 outfalls) in 1986 for about $200,000 CDN (Gartner Lee,
1987). In subsequent years, staff have digitized most of original Phase 1, 12 work
and have conducted Phase 1, 11, 111 on the remaining 280 outfalls (250 outfalls in
the combined sewer area having 72 CSO's).
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Phasc 11l cross connection efforts continue year round utilizing about 6,000

manhours per year. Annual equipment costs, since 1987, have averaged $15,000 ' FINDING ILLICIT CONNECT] WITH
CDN per year. Analytic laboratory costs average $35,000 CDN per year. ONS & DISCHARGES PLL

Phase lIl oulfall characterization is being repeated on a five year schedule with Key Words: . cross :
certain outfalls visited more frequently based upon complaints (or spill o storm water
occurrences) and as verification after a cross connection correction. o haracterizati
. investigati
Typically, the first and second year of the Phase Il effort reveal the greatest . mc:;‘ o

number of cross connections per unit effort as gross visual problems (ie. bean
sprouts, il/grease, fish scales/cyes, acid erosion, eic.) are assessed and quickly
traced. Subscqueat efforts, dealing with clear water chemical problems require
significantly more effort and cost. Success per unit effort is maximized by having
adedicated program and specific procedures with allowance for intuition and luck.

Positive reporting 1o City officials and the publié on initial successes and
subsequent follow up efforts is vesy important. It should be stressed that cross
connections can appear at any tims and place and that only with a long term
program can slorm water and waterways be maintained 1o the public and
regulatory standards, '
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Management Task Force to develop efficient and consistent stormwater permit
applications. EPD’s strategy was to issue a single permit for the five county area
allowing each government to apply independently or as a coapplicant with a larger
government. This resulted in 21 independent or lead applicants and 16 coapplicants
(Table 1). By coordinating activities and sharing resources, the local governments
were able to reduce the resources required in all aspects of the application process
including the stormwater characterization work. The Task Force members also
worked together to develop a regional approach for a long-lcnn stormwater

momlormg plan,
NPDES MONITORING - ATLANTA, GEORGIA REGION
P. Michael Thomas,! Scou L. McClelland.? '
: TABLE 1. Independent or lead applicants and coapplicants to the region-wide
QD! N ) NPDES stormwater permit for the Metropolitan Atlanta area and their 1990
population,
The impact of stormwater runoff on urban streams is becoming more >
significant as urban areas continue to expand and as treated wastewater discharge
quality is improving. Urban stormwater runoff can contain significant amounts of Independent Applicants Lead Applicant & Coapplicants
various pollutants including bacteria, sediments, nutrients and heavy metals (U.S.
EPA, 1983). The urbanization or development of a watershed can have a variety of Govemment Population = Government Population
impacts on the stream, including increased flooding, streambank erosion and .
pollutant export (Schueter, 1987). As a result, the U.S. Congress affirmed in the Cobb County 453,400* Clayton County. 142,000*
1987 Clean Water Act Amendments, that stormwater pipes are point sources of Fuiton County 156,005* Forest Park 17,083
pollution and must be permitted through the NPDES permit program. This paper Acworth . 4,547 Jonesboro 3,661
describes a regional stormwater monitoring plan developed and implemented in the Alpharetta 13,104 Morrow 5.206
Atlanta Region to comply with NPDES rules and to characterize local stormwater Atlana 415,200 Riverdale 9,488
discharges. Ausiell 4201  DeKalb County 467371%
- College Park 20,823 Chamblee 7.860
Coordinated Regional Response - After the U.S. Environmental Protection East Point 34,858 Clarkston 5.483
Agency (EPA) issued the final stormwater permit rules in 1990, the Georgia Fairburn 4,053 Decatur 17.498
Environmental Protection Division (EPD) announced that they would issue a Hapeville - 5510 Doraville 7723
uniform region-wide permit for a five county Metro-Atlanta area of Clayton, Cobb, Kennesaw 9,039 Lithonia 2482
DeKalb, Fulton and Gwinnett Counties. EPD defined this area as a large Marietta 46,213 Stone Mountain 6,560
municipality, despite the fact that it contains over 40 governments ranging in Palmetto 2,642 Gwinnett County 282.752*
population from 2,642 {Palmetto) to 468,000 (umncorpmted DeKalb County). Powder Springs . 6970 Buford 8.862
The population for the entire five county area was 2,218,600 in 1990. The result of Roswell 43257 Duluth 9,125
EPD'’s action meant that small cities who had never heard of the NPDES . Smyma 31.328 Lawrenceville 17,054
stormwater program, had six months to prepare their Part [ application. EPD's Snellville 12,137 Lilburn 9,389
rationale for this action was that all these jurisdictions were comnbulmg to : Union City 8,483 Norcross 6.034
violations of water quality standards in Atanta area rivers and streams, Sugar Hill 4,598
The local govemments joined together with the regional planning agertcy, the *Popularion listed is for the unincorporated portion of the County
Atlanta Regional Commission, to form the Atlanta Region Storm Water
DESIGN OF THE REGIONAL, MO PLAN
! Principal Environmental Planner, Atlanta Regional Commission, 3715 Northside : . . : . .
. . To comply with the permit application requirements, a regional
Parkway, 200 Northcreek. Suite 300, Atanta, Georgia 30327 characterization plan was devpeloped an: each major :ovemmenl was nsgsigned
2 Associate. Camp Dresser & McKee, Inc.. One Tampa Center. Suite 1750, Tampa, appropriate sampling responsibilitics. A number of different govermments and
Florida 33602
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agencies were involved in instrumenting these sites and collecting information from
appropriate storm events. The data collected from cach site were compiled and

used to develop local stormwater event mean concentrations and pollutant loading
estimates tor the Region.

NPDES Monitoring - The rules promulgated by the U.S. EPA, required that
cach permit applicant collect “quantitative data from representative outfalls” of

stormwater runotf. The objectives of this sampling work can be summarized as
follows:

a) determine the type and magnitude of pollutants in stormwater runoff; and
b) relate the water quality characteristics to land use type.

An important consideration was to collect enough samples to develop
satistically valid event mean concentrations for cach pollutant by land use (the
rules require that three storm events be sampled at cach site). Also, it may be
important to collect samples during different seasons to determine if there are
seasonal fluctuations in stormwater quality.

Sampling Site Selection - One of the first issues addressed by the Task Force
was to determine how many sites should be monitored and who would be
responsible for instrumenting the sites and collecting dnd analyzing the samples.
The EPA rules required that each applicant select five 10 10 representative ourfalls
for collection of samples for three storm events. It was obvious that five sites for
the entire Region was not adequate and that five sites for each of the 21
independent applicants was excessive. The compromise deveioped by the Task
Force was to locate an average of five sites in each county for a minimum of 25
sites. ARC staff developed a method of allocating the responsibility for these sites
among the permit applicants based on population and employment as an estimate of
the relative amount of stormwater runoff that would be generated by each
jusisdiction. The allocation of sites resulted in the five counties and four largest
cities being assigned from onc to six sampling sites each. The smaller cities, which
lack the resources to conduct this type of work, were not assigned a sampling site
but were asked to share in the cost of the monitoring work based on the percentage
of their population in their respective county.

After the number of sites per government was selected, general site locations
were determined based on existing monitoring networks, land use and watershed
characteristics. Specific monitoring sites were then located based on size of the
drainage area, type and continuity of land use and use of stormwater pipe ot stream
sites. Existing local government stream monitoring sites were utilized where
possible. Sites were then visited and cvaluated based on accessibility, satety,
security and suitability for flow measurement and sample collection. Hydraulic
factors considered for stream sites included open-channel sites with existing stage-
discharge relations or sites where adequate stage-discharge relations could be
established. stable channel conditions, and adequate distance from major wibutarics
to allow for complete mixing. Other general site considerations included avoiding

Most of the sites were located in the Chattahoochee River basin because
more of the five county area lies within this basin than any other and because this
river is of great significance to the region. providing over 70% of our water
supplies. Figure | shows the general location of the 27 sites. Because land use is
the main factor that impacts the quality of stormwater runoff and is often used in
models (o predict stormwater quality (ARC, 1992¢), sampling sites were selected 0
represent the major land uses in the area (Table 2). Where possible, smail drainage
areas which represented a single land use were chosen.

FIGURE 1. Stormwater Sampling Locations in the Atlanta Region
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sites having steep slopes, poor visibility, and heavy tratfic.
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TABLE 2. Sampling Site Description and Land Use Category

Station
Number Site Description
AT-01 Outfall - Tributary to Nancy Creek - parking

lot of large shopping mall, draining
commercial land use area.

AT-02 Outfatl - Tributary to Peachtree Creek -
parking lot and toadway, area of commercial
and light industrial land use.

AT-03 Qutfall - Tdbunm Clear Creek - draining
single family resi al area,

AT-04 Outfall - Tributary to South River - draining
a light industriat park.

AT-0S Outfal} - Tributary to South River - draining
an area of industrial fand use.

AT06 Quifall - Tributary to Chattahoochee River -

draining an area of industrial and
transportation land use.

a.-o1 Junction Box - Tributary to Flint River -
draining an area of heavy industry.

CL-02 Qutfall - Flint River, Clark Howell Highway
- draining commercial, business and
transportation hnd_ use,

CO-01 Stream - Olley Creek Tributary to

Sweetwater Creek - draining an ares of
industrial and commercial activity including
a closed sanitary landfill.

Cutfall - Unnamed Tributary to Rotenwood
Creek - draining 2 commercial/business park
ares,

Outfall - Tributary to Sope Creek - draining
moderate density residenual area.

Stream - Noonday Creek Tributary to Lake
Allstoons - draining an area of residential
and commercial land uses.

DK-0t Stream - Bubbling Creek Tributary to Nancy
Creek - draining an area of public parks and
residential land uses.

:

g g

Land Use
Category

Commercial

Residentiat

TABLE 2. Sampling Site Description and Land Use Category (continued)

DK-(2

DK-03

DK-04

DK-05

DK-06

EP-01

FL-O1

FL-02

FL-03

GW-01

aw-02

Gw-03

MA-0t

RO-01

Stream - Unnamed Tributary to Nonh Fork
Peachtree Creek - draining a heavy industrial
area,

Stream - Unnamed Tributary to North Fork
Peachtree Creek - draining a residential area.

Stream - Tributary 10 South Fork Peachtree
Creek - drains an area of residential and
public land uses.

Stream - Tributary to Shoal Creek - drains an -

area of residential fand use,

Qutfall - Tribu 10 Snapfinger Creek - an
area of light indumrz'ial landpuscg.ef

Outfall - Tributary 10 South River - draining
an industtial area inside the city.

Outfall - Tributary to Chattshoochee River -
;l‘r':i‘ning area of light/moderate industriai
use,

Outfall - Tributary o Chattahoochee River -
draining area of commercial and
transportaton land use,

Outfall - Tributary to Chattahoochee River -
area of commercial land use.

Stream - Tributary to Big Haynes Creek -
draining an area of moderate density
residentiai land use.

Junction Box - Tributary to Chattahoochee
River - draining an area of industrial land
use.

Junction Box - Tributary (0 Sweetwater
Creek/Yellow River - commercial area
around a large shopping mail.

Qutfall - Tributary to Rotienwood Creek -
commercial/business park area,

Qutfall - Tributary to Chattahoochee River -
draining moderate density residential area.

Industrial

Residential

Residential

Residentiai
Industrial
Industrial

Industrial
Commen:i;l
&Md
Residential
fndustrial

Commercial

Commercial

Residential
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A regional consultant was selected (Camp, Dresser & McKee, Inc.) by the
Task Force 1o develop standard operating procedures for the monitoring program
and to conduct most of the sampling work. The use of the regional consultant
allowed the work to be done quickly and consistently. Some of the large local
governments were able (o use their own suaffs to conduct part of the monitoring
work. As the local governments move from the permis application phase to the
long-term monitonng program. most will conduct the work with their own staff.
Table 3 lists who was responsible for conducting the sampling and lab analysis in
each jurisdiction. The involvement of many different parties in the sampling
program raises a concern over the consistency of the data collected. The use of the
standard operating procedures and the use of the same analytical laboratory for 63%
of the sample analyses reduced inconsistencies.

TABLE J. Sampling Program Responsibilities

No.of Equipment Samplo" Sample

Participant Sites  Procurement Collection Anaiysis
Adana 6 Ciry Reg. Cons.! Reg. Cons.!
East Point i City Reg. Cons. Reg. Cons.
Maricta 1 Reg. Cons.  Reg. Cons. Reg. Cons.
Rosweil 1 City Reg. Cons, Reg. Cons.
Clayton County 2 Reg. Cons.  Reg. Cons. Reg. Cons.
Cabb County 4 County County County
DeKalb County 6 County County/USGS  County/USGS
Fuiton County 3 County Reg. Cons. Reg. Cons.
Gwinnett County 3 County County Reg. Cons.

1The Regional Consultant (Reg. Cons.) was Camp Dresser & McKee, Inc. The
City of Atanu utilized a different lead consultant but used the same subconsultancs
as Camp Dresser & McKee did for sample collection and analysis.

Representative Storm Event Criteria - The EPA rules required that each
applicant collect samples of stormwater runoff. The rules recommended that
"representative storm events” be sampled which met the following criteria:

* the storm event must be greater than 0.1 inches in magnitude:

* the event must be at least 72 hours tfrom the previously measurable cvent
(>0.1 inches);

¢ where feasible, the variance of event duration and total rainfall shouid not
exceed 50 percent of the average or median rainfall event and

¢+ the three storm events must be one month apart.

These criteria were proposed to insure that "representative” storm events are
samplied and that a preceding dry period is provided t0 allow a normal period of
pollutant deposition on land surtaces.

" A sutistical evaluation of long-term rainfall records for the Atlanta Region
conducted by ARC determined that only an average of 6.2 storms per year would
meet these criteria (ARC, 1992a). An additional analysis was conducted to
detesmine if expanding the criteria 1o +75% of depth and duration would
significandy improve the number of acceptable events. The result was an increase
10 ari average of 14 events per year which still was not a practical operating criteria
once the actual sampling work began. Scasonal differences in rainfall pauemns and
the tpqunred 30 day period between events made collection of samples from an

le storm event very difficuit. The Task Force requested a modification of

event criteria from EPD and received approval to sample any storm event of

[ de th of 0.1 inches or more with a 72-hour dry period preceding it. No

ions were placed on duration of the storm event or the time period between
sampling cvents.

h ¢ Site Instrumemiation - All 27 sites were insorumented in a similar manner,
although several organizations were responsible for this activity. A typical site
instrumented by the U.S. Geological Survey for DeKalb County consisted of a
uppmg-bucket rain gage, a staff-type gage, and a smnm-sxage-shaft-encoder.
automatic sampler, and datalogger housed in & monitoring shelter. The equipment
was ased by DeKalb County and maintained for operational readiness during
the study by the USGS. Repair and replacement costs to structures and equipment
werg the responsibility of DeKalb County.

“ A typical site instrumented by the regional consultant included either a
tipping bucket or totalizing rain gage. an automatic sampler with integral data
logger and a temporary equipment shelter. Both ISCO and American-SIGMA
samplers were used, depending on the preference of the local participating agency.
Equipment was cither purchased by the local agency and operated by the
consultant, or lcased and operated by the consuitant. All maintenance during the
program was provided by the consultant.

Sample Collection and Analysis Procedures - At the DeKalb County/USGS
sites the datalogger was programmed at cach site to record data at {-min. intervals
once a rainfall threshold of 0.1 in. was met or exceeded. A theoretical culvert
rating was programmed into the datalogger which converted the recorded stages
into discharges. The datalogger then triggered the automatic samplers each time
about 10 percent of the estimated storm voiume passed the site. Runoff samples
werg withdrawn from the stream over the storm hydrograph by the automatic
samplers and composited into one sample that represented the water quality
conditions for the storm event. For a typical rainfall event, procedures were 10
activaie the raintall and stream-stage recorders at the sites to be sampied prior to the
impending storm. The automatic samplers were checked and outfitted with 2.5 gal.
containers. When the rainfall amount at each site reached 0.1 in.. the datalogger
would begin to collect rainfall and stage dara as 1-min. intervals. When the saream
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stage reached a preset level (activation level), the volume of water flowing by the
site was computed from the recorded stage and accumulated by the datalogger. The
datalogger would then trigger the sampler at increments of about 10 percent of
storm volume, and the sampler would pump 2 liters of water into the composite
bottle, During sampling of the runoff period, ten 2 liter sub-samples were collected

in two 2.5 gal. containers. The samples were chilled with ice during the sample .

collection period and prior to processing. In addition to storm-composite samples,
grab samples for measurement of water temperature and pH, and the analysis of
cyanide, oil and grease, volatile organic compounds (VOCs), and phenols were
collected by hand on the rising side of the storm hydrograph. Water temperature
and pH were determined at the site. Grab samples were delivered to DeKalb
County Water Quality Lab immediately after collection for the analysis of selectcd
constituents.

Composite samples collected by the automated sampler were processed by
the USGS at the District Office. Processing included splitting the composite
sample into appropriate bottles using a 16 liter teflon-lined churn splitter, filtering
and preserving samples. Processed samples were delivered to DeKalb County
Water Quality Lab for inorganic analysis and shipped to the USGS lab in Denver
for organic analysis.

Sample collection procedures for the sites administered by the regional
consultant were similar to the USGS procedures. Samplers were programmed to
collect a sample at equal intervals of flow based on the esumated flow that would
be generated from a 0.1 inch rainfail event and the minimum amount of sample
required for laboratory analysis. Each sampier was programmed with a theoretical
stage-discharge curve and set to initiate sampling when a threshold level was
reached.

When a rainfall event alert was issued, each site was visited to check the
equipment and activate the battery powered sample. Composite sampling was then
initiated automatically when the threshold flow was reached. Grab samples were
taken on the rising side of the storm hydrograph. During the grab sample visit,
field analysis were made and recorded, the automatic sampler was checked for
proper operation, and ice was added to chill the samples of the storm duration.
Grab samples were also chilled or fixed in the field. Eventuaily, composite samples
were delivered to the laboratory at the end of the sotrm event. All sample
processing including splitting of alloquats, filtering, preserving and analysis was
done by the contract laboratory. Typically, all analyses were completed and
reported within three weeks.

Several different laboratories were involved in the analysis of the swt"mwatcr
samples but the majority of the analysis was conducted by a private lab used by the
regional consultant. Other labs included the USGS National Water Quality
Laboratory, the DeKalb County Water Quality Control Laboratory and the Cobb
Water System Laboratory. All laboratories used EPA approved methods for
sample analysls Each sample was analyzed for the full list of over 100 pmme:ets
required in the NPDES permit application rules.

Experience with stormwater runoff sampling in previous studies indicates
that about 10 attempts at storm sampling are needed to successfully collect one
storm event sample. The USGS found that once equipment problems were solved,
such as problems with the datalogger and cainfall recorder, and the criteria for
suitable storms were eased, that the success rate for sampling was about 90 percent
of the events sampled.

Quality Control of Sampling and Analysis - A quality assurance plan was
developed and implemented for this study to ensure that data collected were in
accordance with accepted industry standards. The USGS developed a pian to
cnsure that data were collected in accordance with the U.S. Environmental
Protection Agency’s program requirements for stormwater sampling and that met
the technical standards of the Water Resources Division of the USGS. The USGS
plan addressed. in part, quality assurance measures for sample handling procedures,
chain-of-custody procedures, and ana.lyucal methods that included quality control
(QC) samples, and evaluation and reporting of QC data. The quality-control
procedures provnde a mechanism for control and evaluadon of the data quality
dunng the project, and define the data quality for the constituents in terms of
precision and accuracy.

The regional consnltam and local governments .mvolvcd in sample coliecnon
and analysis used similar QC procedures which are documented in the regional
Standard Operating Procedurcs Manual (ARC, 1992b) prepared by the regxonal
consultant,

SAMPLING RESULTS

For the 81 site events (27 sites sampled three times each), the storm durations
ranged from 0.5 hours to 26.4 hours and storm magnitudes ranged from 0.12'inches
10422 inches. Table 4 shows information on the storm events sampled during this
program.

Impact of Land Use on Stormwater Quality - A review of the sampling
results by land use category illustrates some apparent differences among land uses
(Table 5). However, the differences may not be statistically significant because of
the highly variable nature of stormwater quality. Surprisingly, residential land use
appears to have more of an impact on some constituents than commercial and
industrial land uses. Residential areas were characterized by much higher
concentrations of total suspended solids, copper. fecal coliform and fecal
streptococcus bacteria. Industrial areas were characterized by much higher
concentrations of dissolved phosphorus and zinc. Commercial areas had much
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TABLE 4. Storm Event Characteristics

Average

higher concentrations of total kjeldahl nitrogen. Of the 16 parameters detected at
cach site, average concentrations were higher in residential areas for nine
parameters. However, as described below, some of the higher values in residential
areas may be explained by the number of sampling locations located in streams
rather. than direct outfall pipes. Seven of the ten stream sampling sites were in

Avera :
Sig o0 Durmhn  Raiof  Rus ® fow  Rus residengial arcas.
Use {boury) (in) (in/hr) (gal) {zal/tr) 'Fbr comparison purposes, the Atlanta Region stormwater quality data are
Averages . compared to the results of EPA’s Nationwide Urban Runoff Program (NURP)
Residential 8.6 1.13 0.14 17.006 4700 studies (1983) and some of the recent sampie results from the Florida Part 2
Commercial s4 0. 0.10 556,087 206,322 NPDES Stormwater Permit Application wet weather sampling. The Florida data
Industrial 5.9 0.70 0.15 293385 47.381 mmpiled by Camp, Dresser and McKee, Inc. (CDM) from Jacksonville,
, St. Petersburg, Sarasota County and Palm Beach County.
TOTAL 6.6 0.85 013 335,129 79.868 ‘

. 'Re-idemial - Table 6 shows a summary of analytical data collected during
three stonm events at nine residential sites for classic pollutants and metals (27 data
points). Also shown are results from the NURP study for residential land uses. In

TABLE S. Summary of Resuits for All Land Uses - -
TABLE 6. Summary of Analytical Results for Residential Land Uses
Residential Comumerdiai Industrial L
Constituent! Avg, S.D. ¥ 3 A .D. X
A 82 Am 5D ; Atianta Florida®
BOD 15 17 12 16 16 19 : , Region NURP NPDES
f,gsb o . lg; “7); I?: 7 70 Constituent Units Average  Min Max Average
. 97 114
TDS 68 54 47 28 57 48 BOD | m, 15 5 28 11
'Bot':op 044 0s1 0.18 0.18 0.36 1.04 cop’ m$ 68 33 234 64
Disse lved P 0.09. 0.06 0.10 o1 024 0.87 TSS | mg/ 574 25 2216 43
NO2 135 - 074 2.57 6.93 1.63 1.49 TDS : mg 68 168
Anmona . o3 2 7 oy 066 050 Toul P mefl 046 022 409 038
oli:'u;o(r]ua 022 0.16 [15.)] 043 0.41 o3l Dissolved P 0'09 007 0' 45 0'23
Ol & Grease 49 62 164 40.9 63 s4 issolv mg/ : . . .
0.036 0043 0024 0.005 0024 0018 . mgi 135 005  10.80 135
Copper 0.053 0067  0.20 0.002 0023 0.020 NO2 + NO3 mg/l 069 031 9.54 0.39
Znc 0.116 0.103 0.132 0.063 0.195 0.145 Ammonia mg/l 0.22
C:;dmlum 0.010 0.002 0009 0.003 0.008 0.003 0Oil & Grease mg/l 49
gﬁw 6.6 05 < 6.3 1.0 6.7 07 Lead | mg/l 0036 0034 2745 0.0085
. : Copper mgfl 0053 0006 0312 0.0014
radom 7633 - 2% 3436 Zinc . mgfl 0.116 0054 1388 00550
Sweptococcus  28.864 - 6,800 7,805 s:{dunum mg 0%‘2 0.00t5
P.D. = Standard Deviation Fecal Coliform MPN/100mi  7.653

All units are inm

MPN/100 mi

8/1 except for the fecal coliform and streptococcus which are in

Fecal Streptococcus MPN/100mi 28,864

Note: Based on data from Jacksonﬁlle. Orlando, St. Petersburg, Sarasota County
and Palm Beach County NPDES Stormwater Permit Applicadons (1992-93).
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summary, the data are highly variable with the standard deviations (Table 5)
frequently approaching or exceeding the means. The minimum observed values for
most constituents were at or below the detection limits so that most of the averages
shown on the table are slightly high.

Concentrations of constituents measured in samples from residential land
uses are very comparable to NURP data: average concentrations for all of the
Atanta Region data fall within the NURP concentration ranges and almost all of
the averages are at the low end of the NURP ranges. The only excepdon is BOD
which is about in the middle of the NURP range. .

Analytical results for the Atlanta Region and Florida Part 2 studies are
similar for the classic potlutants except for TSS. The Atlanta Region data show an
average TSS (574 mg/l) which is 10 times higher than the TSS in Florida Part 2
data (54 m: ;1). This difference and others, in stormwater quality between the
Atlanta R:gion and Florida data may be due largely to differences in soil
characteristics. The Atlanta Region is in the Piedmont physiographic province,
which is characterized by highly erodible, clay soils. These soils provide a good
substrate for adsorption of poilutants and can be easily transported into nearby
streams. The Florida sites, located in the coastal plain, are generally characterized
by sandy soils and minimal slopes which minimizes soil erosion and transgort into
nearby streams. The metal concentrations in the Florida data (Tablé 6) are
considerably less than the concentrations in the Atlanta Region data including
concentrations for lead and copper, which are less than the minimuny values
abserved in the Atdanta Region data. .

Of the other pollutants detected in samples from the Atlanta Region
residental sites, the most frequently occurring was phenol. Phenol was detected in
15 of 27 samples. Chromium was the second most frequently detected (13 of 27),
followed by tetrachloroethylene (11 of 27), and toluene, methyichoride, chiordane
and diazinon (each 6 of 27). However, of these pollutants, concentrations were
generally low with only phenol and chlordane being detected in concentrations in
excess of State water quality standards. . o

Commercial - Table 7 shows the analytical results for the classic pollutants
and metals for the commercial land uses. As for the residential land uses, there
were 27 events (3 storms at 9 sites). The data were highly variable with large
standard deviations and the minimums were generally below the detection limits.

Oxygen demand, solids and nutrient concentrations for, the Atlanta Region
data were generally lower that the NURP data although the differences in
concentrations are not significant at one standard deviation. Concentradons of lead,
copper and zinc for the Atant Region data are less than for the NURP data, with
lead being 10 times less and copper and zinc about three times less. The lower lead
may be attributable to the climination of lead from gasoline. Since commercial
land uses are heavily influenced by parking lots, the lower values for copper and
zinc may also be attributed to changes in automotive technology; however, no clear
conclusion can be drawn.

13 Thomas

In comparison to the Florida Part 2 data. concentrations of parameters in the
commercial data, unlike the residential data, are similar for most parameters. The
major differences in concentrations are for total nitrogen (TKN plus NO»+NO4)
and cadmivm. Total nirogen concentrations for the Atlanta Region data is 3.34
mg/t compared to 2.29 mg/l in the Florida dam. Average Cadmium concenradions
in the Florida data are 10 times less than the Atlanta Region data.

o .chernl other trace metals and organic compounds were detected in
mdm.dual samples but none of the data sets contained a sufficient number of
detections to develop a reliable event mean concentration (EMO).

TABLE 7. Summary of Analytical Results for Commercial Land Uses

Atlanta Florida*

. . Region NURP NPDES
Constituent nit: Average Avernge Averape
BOD mgh 12 14 7
cop mgn. n - ] S0
1SS mg/ 103 136 41
DS mgA 47 114
T?ul P mg/it 0.18 0.29 0.15
Dissolved P mgl 0.10 0.17 0.08
TKN mg/l- 257 1.61 124
NO2 + N03 mgh’ . 0.67 0.89 1.05
Ammonia mg/l’ 0.51
Qil & Grease mgA 16.4
Lead mg/l 0.024 0.2350 0.0117
Copper mgd 0.020 0.0618 0.0179
Zinc . mgll 0.132 0.3990 0.0785
Cadmium mg/l 0.0087 0.0008
pH 6.8

Fecal Coliform MPN/100 mi 2,460
Fecal Streptococcus MPN/100 mi 6.800

Note: Based on data from Jacksonville, Orlando, St. Petersburg, Sarasota County
and Paim Beach County NPDES Stormwater Permit Applications (1992-93).

Industrial - As with the other land use categories, 27 samples were collected
from industrial land use sites. Also, as with the others, the data were highly
variable with the standard deviations often approaching or exceeding the means.
Table 8 shows mean values for the industrial sites in the Atlanta Region. The
Adanta Region, NURP and Florida Part 2 data are similar except for zinc which
was about five times higher in the NURP and Florida NPDES values.
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Conunary to the commercial land uses, nutrients are similar in all datasets, and the
cadmium concentrations tor the Florida data is about seven times smaller than for
the Atlania Region data. In every case, the concentrations of metals in the NURP
data are higher than for either the Atlanta Region or Florida Part 2 data,

_ As with the commercial land use, other constituents were detected in
individual samples but too infrequently to compute 3 reliable EMC. The most
frequently detected compounds were phenol and bis(2-ethyl-hexyl)phthalate (seven
detects cach).

TABLE 8. Summary of Analytical Resuits for Industrial Land Uses

Atlanta Florida®

Region NURP NPDES
Congtituent Unity Average Average Average
BOD mg/t 16 10 12
CcoD mg/l 79 61 91
TSS mg/l 97 120 9
TDS mg/l 57 160
Totwal P mg/l 0.36 0.50 0.34
Dissolved P mght 0.24 0.14 0.17
TKN mg/l 1.63 1.52 1.49
NO2 + NO3 mg/l 0.66 0.80 037
Ammonia mg/l 0.41 -
Oil & Grease mg/l 63
Lead . mg/l 0.024 0.1150 0.0313
Copper mg 0.023 0.0317 0.0228
Zinc mgA 0.195 0.9800 0.1602
Cadmium mg/l 0.008 0.0013
pH 6.7

Fecal Coliform MPN/100 mi 3,436
Fecal Saeptococcus MPN/100 ml 7,805

Note: Based on data from Jacksonville, Oriando, St. Petersburg, Sarasota County
and Palm Beach County NPDES Stormwater Permit Applications (1992-93),

Comparison of Results to State Water Quality Standards - The Georgia EPD

has developed instream water quality standards for over 100 different pollutants.
These standards apply to ail levels of flow, including wet weather flows. The
Georgia EPD has also defined State Waters in such a way as to include water in an
enclosed stormwater pipe as "waters of the State” for which the instream water
quality standards wouid theoretically apply.

Table 9 shows the number of times that pollutant concentrations in a storm
event sample for this study exceeded water quality standards. The parameter that
Was most oftcn detected above water quality standards was fecal coliform bacteria.
Lead, copper and zinc were also often found in concentrations in excess of water
quality standards. Concentrations of pollutants in excess of water quality standards
were found across all land use types and in stream and outfall sampling sites. It
will be extremely difficult for stormwater runoff to ever achicve compliance with
water quality standards developed for low flow periods.

-Stream Versus Quifall Sampling Sites - As discussed above, 10 of the 27
sampling sites were in small urban streams rather than on a direct pipe discharge.
These sites were utilized because local governments had already established
monitoring sites and stage-discharge relationships at these locations for existing
trend monitoring programs and because of the existing historical data available at
thess sites. It can be noted in Table 9 that for lead, copper and fecal coliform, 2
much greater percentage of the samples from the stream sites exceeded the instream
water quality standards, Also a number of organic pollutants were detected in the
samoples from stream sites that exceeded water quality standards, such as chlordane
and phenol (Table 10). Concentrations of chiordane and phenol were not found ar
these levels in the direct pipe discharges.

,The specific reason for the generally higher concentrations in samples from
streams compared to samples from direct-pipe discharges is unknown. It could be
the resuit of several factors, including the resuspension of contaminated sediments
in the stream bed or in runoff, or saturated soil water flow into the stream channel
from fesidential lawns, industrial or commercial sites.

1
TABLE 9. Pollutant Caoncentrations which Exceeded State Water lit
Su—-?mr- Inorganic Pollutants and Fecal Coliform Quality

‘O st F. Cya-
SiteType Samples Pb Cu Zn (o] Colj nide
Water, Quality

Standird*** 17 21° 190* 2% 4000%* 52
B{ndlafnd Use:
ustrial - 27 3 2 9 2 n

Resid. 27 10 12 4 2 17 t

Comm. 27 4 1 s 1 ] .
Site Type:

o..f?éﬁ’ 51 9 4 i 3 20

Stream 30 13 11 7 2 16 1
Total, 81 2 15 . 18 (1 36 1

*For metals, sampie results were com to the hi limit associated with an i
as. 5 p pared ghest with an instream

**Singic sam
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—gl—mm. n i g i i
***ai] unit in ug/l except Fecal Coliform (MPN/100 mi) and pH (std. units)
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TABLE 10. Pollutant Concentrations which Exceeded State Water Quality
Standards - Organic Pollutants

BIS ’ Hepta-
2-E-H Phe- 2-4-Di- chior
#of htha- nan. Py Chlor- Phe- nitro- Epox-
Site Type Samp, fate thene rene dane nol toluene ide pH
Water Quality
Standard*** 592 00311 0.0311 0.0043 300 9.1 6.0-9.0
Bﬁnl.and Use:
ustnal 27 1 1 2

Resid. 27 2 5 1
Comm. 27 6 2 1 1
Site Type: :
o.m’r 51 11 6
Stream 30 4 1 2 5 2 1 1 1
Total 81 15 1 2 5 2 1 ) SR §

*For mctals, sample resufts were compared to the highest limit associated with the instream
hariness level,

**Single sample maximum for fishing classification.

*#+all unit in ug/l except Fecal Coliform (MPN/100 mi) and pH (std. units)

[y
Y

Implications for Long-Term Monitoring Programs - The stormwater quality
data reported in this paper was collected over a short period of time, primarily to
provide information for development of the NPDES permit application. To learn
more about the nature of stormwater quality and the impacts of land use and best
management practices and to comply with the NPDES permit, long-term
monitoring programs should be developed and implemented. This long-term
program shouid be structured to identify water quality trends and evaluate the
effectiveness of BMPs, including structural conwols,

Additional sampling would provide a large database and hopefully, reduce
the statistical variability of the data in order to detect statistical trends or differences
between land uses. Although instream sampling sites are useful for detecting
general water quality trends and watershed-wide program impacts, cortinued
sampling of direct outtall pipes is needed to better quantify polilutant concemrauons
and loads coming directly from the municipal storm sewer system.

Development of Pollutant Loadings - The Watershed Management Model
developed by Camp, Dresser & McKee (CDM-WMM) was chosen by the Task
Force to develop estimates of pollutant loadings. The CDM-WMM model was
specifically developed for plannm g-level estimates of system-wide pollutant loads.
The most recent version contains estimates of the 12 pollutants required by the
NPDES regulation. Using Lotus 1-2-3 as a model piatform, COM-WMM
caiculates annual loads and flows based upon land uses, imperviousness, and land

17 Thornas
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use specific event mean concentrations. The model uses 12 land use categories
with associated literature-based EMCs and imperviousness. For the purposes ot the
Atlanta Region, 10 of these land uses were used for the load estimates with
Cropland being combined with Agnculturc and Wetlands being combined with
Water.

The model estimates annual runoff volume from the pervious and impervious
areas of each land use category, annual rainfall, and runoff coefficients, as follows:

RL = [Cp + (Cl.' CP) NPL]I

where Ry, =annual runoff for land use L (in/yr);
Cp = pervious area runoff coefficient (0.20);
Ci =impervious area runoff coefficient (0.95);
IMP; = fractional imperviousness of land use L; and,
I =annual rainfall (in/yr).

The total annual runoff for the municipality is the sum of the Ry_ for all of the
10 land uses. Based upon available information (ARC, 1992a), the annual average
runoff-producing rainfail fm this area is 46.8 inches using the Atlanta Airport gage.

The load estimates are then calculated using the land use specific EMCs,
runoff and area of the land use within the watershed:

My_=0.2266 EMC{ Ry Ay

where My~ =the annuil load from land use L (Ib/yr);
0.2266 = a conversion factor;
EMC; = the EMC for land use L (mg/); and,
Ay, = the areaof land use L (acres).

As above, the total annual load for the watershed is the sum of the My forall
of the 10 land uses. It can be seen that this model can easily be used for seasonal
estimates as long as seasonal rainfall and justdfiable seasonal EMCs are available,

As an added feature in the CDM-WMM model. for future assessments, the
model can estimate the change in load resulting from the use of regionat best
management practices (BMP), such as wet or dry detention ponds, retention ponds,
etc. The model can adjust the poilutant load for a BMP as follows:;

M =M (1~ T ppgy a
L L —_— L
A,

where M;’ = the BMP-reduced load from land use L (Ib/yr);
Agpp = the area of land use L draining to the BMP (acres); and,
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REM = he removal efficiency of the BMP for the pollutant.

This feature can be used to estimate the effectiveness of watershed pollution
control plans as well as test various strategic pollution reduction aiteratives.

Comparison of the EMCs measured as part of the Atlania Region study and
the EMCs from the CDM-WMM model shows that for the oxygen demanding
substances, sediment, and nutrients, the EMCs are comparable. The CDM-WMM
EMC for TDS is high and the model EMCs for lead and zinc are considerably
higher than the measured ones. On the other hand, the model EMC:s for cadmium
are low compared to the measured results. This is a result of the availability of
EMC data for the development of the CDM-WMM model. Oaly limited EMC
studies were available and the literature basis of the data focused primarily on the
NURP swdies. It should be noted that due to the lack of timely storms, the estimate
of pollutant loads had to be completed before the Atlanta Region sampling wort.
was complete. For this reason, and because the CDM-WMM EMCs are generally
high, the predicted loads from the municipal storm sewer system probably represent
an upper limit of pollutant discharges. The estimated poliutant loads also represent
loads from the entire political jurisdiction rather than just the area draining to the
municipal system because these drainage areas have not been adequately idendfied.

SUMMARY

The Adanta Region governments were successful in implementing a regional
stormwater sampling program. These same governments are now involved in
implementing a regionally-coordinated long-term monitoring program. During the

 NPDES permit application sampiing program, we were successful in determining
the type and magnitude of poilutants in stormwater and how to measure them,
however, there is still more to learn about their relationship to land use. With
regard to stormwater quality, the following ils apparent:

+ stormwater runoff often conwins pollutants in concentrations in excess of
Georgia's instream water quality standards;

» stormwater runoff quality in the Mctro-Atlanta area is comparable to
national stormwater quality staustics:

* stormwater characteristics vary by land use but the variability of
stormwater quality is so great that it will require much more data from
drainage arcas composed of a single land use type to statisticaily validate
those differences. :

With regard to stormwater sampling procedures, we learned the following:
+ the EPA recommended "representative storm event” criteria were not

practical for this region;
e once new cquipment problems are resolved and reasonable storm event

This information will be valuable in implementing the long-term stormwater
sampling program but because of the inherent difficuities involved in wet weather
sampling and the variability of stormwater quality, it will require a longer sampling
history to confidently make conclusions about stormwater quality that can be used
with confidence in developing potentiaily expensive stormwater management
programs. Also, sites with a single land use type should be selected; Some of the
drainage areas for the sites sampied in this study did not contain a single

predominant land use type. ’

. 7 Itis reccommended that EPA continue to be flexibie in the implementation of
stormwater monitoring and management programs as we continue to leam more
about this problem. [t also evident that even though local stormwater quality data
may be comparabie to national averages, strong regional differences may occur
based on natural factors such as rainfail patterns and soil characteristics. Therefore,
programs that work well in one region may be impractical or ineffective in others
due w these differences. .
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Storm Water NPDES Monitoring in Santa Clara Valley

Terry Cookel , David Drury 2, Revital Katznelson!,
Chow Leet, Peter Mangarella (Member)!, Keith Whicman2

Abstract

Results from stormwater monitoring conducted in Santa Clara Valley from
1987 through 1994 are presented. During this period, hydrologic,water quality, and
toxicity data have been obtained from a variety of small and large catchments and
within storm drains and in sweams and rivers, Approximately 200 station-events have
been monitored for water quality, primarily focused on heavy metais. Both flow
composite and manual grab samples have been obtained. Data presented addtess water
quality characterization, effects of land use on water quality, compliance with water
quality objectives, urban versus natural erosional sources of metals, water quality
correlations with flow, equilibrium partitioning between dissoived and phrticulate
forms of metals, spatial and temporal differences based on analysis of. variance
(ANOVA) and analysis of covariance (ANACOVA), power analysis for 8esigning
monitoring programs to measure long term trends, and toxicity testing. :

Inreduction

The Santa Clara Valley is located at the southem end of San Frantisco Bay,
encompasses about 1800 square kilometers (700 square miles) of which about 50% is
urbanized, and has a population of 1.4 million people (Figure 1). The valley contains
major cities such as San Jose, as well as “Silicon Valley”. The valley is semi-arid with
mean annual precipitaton on the valley floor of 355 mm (14 in) per year. -

ik

In 1986 the San Francisco Regional Water Quality Contro! Board nmsed their
Basin Plan to require that storm water discharges into the southern portion of San
Francisco Bay be characterized and controlled. In response to this :eqv;\inmem.

'Woodward Clyde Consultants, S00 12th Street, Ozakland, CA, 94607

2Santa Clara Valley Nonpoint Source Pollution Control Program, Santa Clara
Valley Water District, 5750 Almaden Expressway, San Jose, CA, 95118-3686
1

thirteen cities, Santa Clara County, and the Santa Clara Valley Water Dismict
(SCVYWD) formed the Santa Clara Valley Nonpoint Source Pollution Contgol Program
(Program). In 1989 the State Water Resources Control Board listed the south Bay as
an “impaired water body" as required under Clean Water Act Section 304(L) because
water quality standards for heavy metals wére frequently exceeded. The Program

applied for and received an early NPDES stormwater permit in June 1990.

This paper summarizes findings from the extensive monitoring conducted by
this program. The first two fiscal years (FY 87-88 and FY 88-89) of monitoring prior
to the first permit period included wet weather monitoring at 7 stations that drained
different land use areas and wet and dry weather monitoring at 4 waterway stations.
These data were used to characterize storm water runoff water quality and to estimate
the distribution of annual metals loads to the Bay.

In FY 89-90, monitoring was continued at the four waterway stations to
evaluate long term compliance with water quality objectives and at one industrial Jand
use station which was being used as a pilot demonstration project for evaluating the
cffectiveness of an intense industrial inspection program.

The monitoring activities during the first 5 year permit period (starting in FY
1990) included automatic flow-composite sampling at the four waterway stations.
Because the permit required that sampling be conducted at locations which were
representative of the discltarge, two of these locations were in the largest watersheds
in Santa Clara Valley, Guadalupe River and Coyote Creek. For comparison, one
sampling station was in a relatively small watershed with a predominantly-natural
channe!, Calabazas Creek, and a fourth was in a constructed channel, Sunnyvale East.
The data from these stations are being used to meet the objectives of evaluating water
quality trends, and to determine if storm water discharges are in compliance with
applicable water quality and toxicity objectives. .

To meet other objectives of the monitoring program. monitoring was
conducted during the first permit period at two industrial land use stations to
characterize storm water quality and to evaluate storm water quality improvements due
to the implementation of pollution prevention actions resulting from a pilot inspection
program conducted in one of the areas. To characterize storm water quality from
transportation corridors, two stations were installed and operated for three years on an
eight Jane freeway and on a local 4 lane expressway. The Program also evaluated the
use of automated flow-composite sampling equipment compared to grab sampling, to
ensure that representative samples were being obtained. As par of the grab sampling
effort, the Program conducted studies to evaluate how pollutant concentrations vary
over the course of a storm event, the duration of water quality exceedences for
pollutants during siorm events, and whether or not pollutants persist after the event
concludes and flows return to pre-storm levels. Toxicity testing was conducted at the
land use and transportation stations for two years, and at the waterway stations all five
years of the first permit period.

Monitoring Stari

Monitoring stations consisted of two types: stations located in relatvely small
catchments (typically 10-1,000 hectares) containing predominantly one land use; and
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stations that drained relatively large watersheds (1,000-30,000 hectares) which
contained 2 mixed land use. The former stations are referred to as “land use” stations
and are commonly located in small streams or municipal storm drain pipes. Data from
these stations are indicative of urban runoff water quality from urban and non-urban
sources and were used 1o characterize water quality and as input to loading estimates.
The laner type of stations, referred to as “waterway or steam stations” were located in
larger streams and rivers ncar the Bay and represented local receiving waters. Data
from these stations were used for compliance and reflect the effects of upsteam non-
urban areas and stream sediment processes, Table 1 describes the various stations.

Monitoring M

Storm water sampling was generally conducted with autornatic flow composite
samplers. Station designs vaned but generally consisted of ISCO Model 2700 or 3700
automatic samplers, 2 Campbell Scientific CR-10 dawa logger and controller, a Druck
diaphragm-type pressure transducer, and 10 or 20 liter %orosilica(e glass bottles to
contain the composite samples. Each station was flow rated using established or new
flow rating curves or where weirs were installed, appropriate weir equations. Based
on the anticipated runoff. the controller was programmied to collect twenty 500 mi
sub-samples over the course of the runoff event. Initially stations couid only be
controlled on site, then telemetry was added to allow remote control and monitoring.
This change significantly improved the storm coverage and quality of data obtained.

Manual grab samples were collected for volatile 6rganics, bacteria, and total oil
and grease. Manual samples sometimes were obtained for other pollutants to define
poltutographs. :

Ivtical Sui

In the carly part of the Program, a full suite of analyses was conducted which
included 10 metals for total and dissolved fractions (arsenic, cadmium, chromium,
copper, lead. mercury, nickel, scienium, silver, and zinc), organics (organochlorine
pesticides, organophosphate pesticides, volatile organics, semi-volatile organics, total
oil and grease. and total organic carbon), and othet parameters (pH, hardness,
turbidity, and tortal suspended solids). Parameters that were consistendy not detected
were dropped from the full suite to a reduced suite of analyses that has become the
mu'lg:Lcl uiajyncal suite for the past 4 years of monitoring. The reduced suite is shown
in Table

Note that in Table 2 the method detection limit for mercury was reduced by modifying
the analysis techniques in order 1o quantify mercury levels. Analysis methods were
also modified to lower the method detection limits for selenium and PAHs.

Qualiry A 1 Quality Conmrol
Since the start of the Program, stringent field and laboratory QA/QC

procedures were developed and implemented to ensure high quality data. Field
QA/QC includes following strict sampling protocols as specified in standard operating

procedures and evaluation of potential contamination through the analysis of field
equipment blanks. Laboratory QA/QC addressed:

¢ Accuracy (analysis of matrix spike recoveries on each batch of samples and
. quarterly analysis of certfied samples)
. » Precision (analysis of macrix spike duplicates)
- » Contaminadon (analysis of method blank, and filter blank) .
» Holding Time (specified holding times associated with each chemical
od

.. method)
"« Certified Methods of Analysis (EPA or State certified methods of analysis)

'

Figure 2 shows the percent of waterway samples in which metals were detected
during storm events from 1988 10 1992. Of the metals detected by the total
recoverable methods (total metals), cadmium, chromium, copper, lcad, nickel and zinc
were consistently detected. Total arsenic was detected in 74% of the samples while
total mercury, selenium and silver were detected in approximately half the samples.
Of the dissolved meuals.only chromium, copper and zinc were consistently detected.
Dissolved nickel was detected in 71% of the samples and dissolved lead was detected
in 54% of the samples. Less than half the samples had deteciable concentrations of
dissolved cadmium, selenium and silver. Dissolved mercury was undetectable using
standard EPA methods.
Effecis of Land Use on Water Quality

i: During the first two years of the Program (1987-88.1988-89), monitaring data
were collected at seven land use stations (Table 1, stations L1-L7) to characterize
wates quality from open, residential/commercial, and industrial land uses. To
characterize water quality from transportation corridors, two stations were instalied
and operated for three years on an eight lane freeway and on a jocal 4 lane expressway
(Table 1, stations T1, T2). Figure 3 shows the median concentrations of torai
cadmium, copper, lead. nickel and zinc at the land use stations and at the waterway
statiops (Table 1, stations S1-S4). Total zinc and cadmium at the heavy industial
statiop were 4 to 6 times higher than concentrations at the other land use areas. (Note:
pilot j inspection programs implemented in this cawchment indicated a source of
eadmum and zinc from metal plating operations.) Total cadmium in the other land use
areas-was only slightly elevated relative to the waterway concentrations. Total lead
concentrations were highest at the ransportation and heavy industrial stations. Total
nickel concentrations were highest at the transportation, heavy industrial, and
waterway stations. Total copper concentrations were highest in the heavy indusmial
statioh. Total median copper concentrations a1 the other urbanized land uses are
consistently around 30 ug/L/L. Copper concentrations in samples obuained from open
space stations were approximately one third of this value suggesiing a substantial
amount of copper may originate from open space land use areas,

Statistical tests of these data indicate that metals concentrations in samples
obuined from open space versus residential/commercial samples versus heavy

indusirial samples are significanuy different. The tests do not show statistically

ifferences in concentrations of samples collected in different types of




residential areas (eg, single versus multi-family) or between residential and
commercial areas (SCVNPS, 1989). .

Enric} { Metals Associated With Suspended Parricul

Meuals in storm water runoff are often associated with suspended solids.
Metals in these solids may arise from cither ‘natural’ sources (erosion of soils
containing minerals) or manmade sources. One measure of the amount of manmade
metal in 2 given sample is the “enrichment factor” defined as the ratio of the
suspended metal concentration in a storm water sample collected in an urbanized
portion of a watershed to the surficial soils concentrations in upland open areas of that
watershed. (The enrichment concept is that if there were no additional input, or
“enrichment”, of metals from sources other than erosion, the suspended metais
concentration would equal upiand surficial sediment concentrations and the enrichment
factor would be of the order of unity.) :

The suspended metal concentration (ug/g) is defined as the ratio of the
particulate metal concentration (g/L) 1o total suspended solids (TSS) concentration
(g/LL); where the particulate metal concentration (g/L) is the total metal concentration
minus the dissolved metal concenmration. The suspended metals concentrations are
expressed on a dry weight basis (as are TSS values). ‘

Data from Shackleste and Boerngen (1984) for the San Francisco Bay Area
were used to characterize upland surficial sediment concentrations. The hills in the
South Bay contains serpentine outcrops as well as other mineral formations which are
a source of nickel, copper, chromium, and mercury and metals concentrations in Bay
grea soils were in the upper quartile of national data compiled by Shacklette and

oemgen. !

Figure 4 shows enrichment factors for a variety of metals and sampling station

. The highest enrichment factors for land use stations are for zinc, lead, and

cadmium which have enrichment factors between 10 and 40 for the three urban land

use area types. In the waterway stations suspended solids had higher enrichment

factors for most metals than bed sediments. Several factors may contribute to the

observed higher enrichment factors in suspended versus bed sediments ipcluding
differences in particle size. . .

Enrichment analysis is a 100! for identifying the relative importance of urban
versus upland erosional sources. These results indicate that urban sources for
cadmium, lead, and zinc are much larger than upland erosional sources, whereas for
copper and nickel both sources are important. Chromium appears to be pritharily an
erosional source. -

Sality Fl Comeiasi

There has always been an interest in potential correlations between water
quality and flow and efforts at correation using flow composite data have not been
successful. However, grab sampling results for five storm events (28 data points)
from the Guadalupe River Station (S3) were successfully correlated with flowrate,

Figure 5 shows discrete TSS concentrations versus instantancous szeam flowrate.
!:xncar regression analysis indicated a correlation coefficient of 0.781. The best-fit
linear regression equation describing this relationship is:

TSS (mg/L) = 0.277 FLOWRATE (cfs) + 58.49

. Because of the high affinity of metals to solids, and since TSS is correlated
with ﬂmt;.'we tested the relatonship berween total copper and flowrate. Figure 6
shows a positive correlation (R2a 0.820) between total copper concentration (TCu)
and flowrate with a best-fit linear regression equaton given by:

'I_’Cu (1tg/L) = 0.0403 FLOWRATE (cfs) + 12.02
Equilibrium Partitioni

The form (as well as presence) of pollutants is important as the dissolved form
of the constituent is more biologically available than the particulate form . In order 0
be able to characterize dissolved versus particulate partitioning we examined the
applicability of equilibrium partitioning theory to storm water. A sorption isotherm
describes the partitioning of chemicals between the dissolved phase and the.sorbed
phase. Assuming a lingar isotherm for dilute solutions yields the following
equilibrium partiioning equation (Maidment, 1992):

Fais = 11 + (Kq TSS)}
where '

Fais = ratio of dissolved to total concentration
Kq = Distribution coefficient (L/Kg)
TSS = Toul Suspended Solids Concentration (ug/l.)

. When the grab sample data for copper were fitted to this theoretical
relationship (Figure 7), there was a significant correlation (R2«0.937). The
distribution coefficient which yielded the best-fit regression curve shown in Figure 7
is 29,079 L/kg.

_ The disaribution coefficient is the ratio of the sorbed concentration (g/Kg) to
the dissolved concentration (g/L); therefore the higher the value of Ky, the lower the
dis;olvpd fraction. The distribution coefficient for lead is greater than that for zinc
which is greater than that for copper. This means that in the sorbed phase, there is a
higher fraction of lead than zinc than copper.

.. In conclusion, these storm water data support the linear isotherm equilibrium
partitioning theory and this theory may be applied 10 estimate the dissolved fraction
given the TSS and (otal concentration. Although not shown, this theory also applied
reasonably well 1o data taken in storm drains (SCVNPS, 1993).
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The metals data from four years of monitoring waterway stations have been
compared to water quality objectives contained in the April 1991 California Inland
Surface Waters Plan. Since the average storm runoff duration at waterway stations is
about 36 hours in Santa Clara Valley, comparison of urban runoff water quality to the
freshwater aquatic lifel-hour and 4-day objectives are used to “bracket” the actual

“exposure . The 4-day average objective is referred 10 as the “chronic™ objective, and
the I-hour average objective is referred to as the “acute” objective, Given the duration
of storm events, exceedance of an acute objective is considered a bener indicator of a
potential toxicity problem. In addition, exceedances of objectives by dissolved metal
concentrations are considered better indicators of poiential toxicity problems than
gcnﬁ:ﬁes by total metals concentrations because dissolved metals are more

0aV: c.

Table 3 summarizes the water quality objective exceedances for various metais
at the four waterway stations using dissolved and total metals data collected during the
90-91, 91-92, 92-93, and 93-94 wet weather seasdns. Acute and chronic water
quality objectives for total copper and total zinc were consistently exceeded in samples
collected from Calabazas Creek (station S1) and Sunnyvale East Channel (S2). The
objectives for total zinc were only occasionally exceeded in storm water samples from
Guadalupe River ($3) and Coyote Creek (S4). The objectives for total copper were
less frequently exceeded. and the cc trations were nearer the objectives, in storm
water samples from Guadalupe River and Coyote, Creek than in samples from
Sunnyvale East Channel and Calabazas Creek. The chronic objectives for wotal nickel
and total lead were always exceeded in samples frorh Sunnyvale East Channel and
Calabazas Creek, and frequently exceeded in samples from Guadalupe River and
Coyote Creck. Acute objectives for total lead were rarely exceeded, and acute
objectives for total nickel have never been exceeded. Total cadmium has not exceeded
acute objectives, and exceeded chronic objectives in 8 of 61 storm samples; the most
recent observed exceedance was in October 1991.

Dissolved constituents seldom exceed objectives. Dissolved copper exceeded
the chronic objectives in 2 of 42 samples. and has not exceeded acute objectives.
Dissolved lead was detected in 10 of 43 samples and one of these ten samples
exceeded the chronic objectives; no lead sampies exceeded the acute objectives.

. Those 304(1) metals of concem that have never exceeded water quality
objectives include 1otal mercury (acute objectves only, chronic objectives were lower
than the MDL), total seienium, dissolved cadmium, and dissolved zinc, Total silver is
generally not detected, and dissolved silver and chromium (V{) have never been
detecied in storm water samples from the four waterway stations.

Figure 8 compares the total copper data with acute and chronic objectives for
the four waterway stations. This figure shows the effect of urbanization on water
quality exceedances. Most exceedances occur at the stations (S1 and S2) whose
watersheds are smaller and more highly urbanized.

u y . Q[:!! Q I- QI 3 . E I

If flow-weighted concentrations exceed the WQOs, it is often assumed thas the
duration of exceedance equals the duration of the runoff eveat. In order W test this
assumption, the actual duration of exceedance was determined by collecting and
analyzing discrete samples during six storm events at the Guadalupe River Station
(S3): For each storm event. about six samples were collected over the rising, peak,
and receding limb of the hydrograph.

i, Table 4 shows that the duration of exceedance of acute WQOs for wotal copper,
lead and zinc is always less than the duration of the storm runoff event. The
frequency of exceedance varies depending on the metal, and was greatest for copper
(5 of 6 events), then zinc (4 of 6), and then lead (2 of 6). For copper, exceedance
durgtion ranged between 8-38 hours or about 20 to 95% of the duration of the storm
runoff. For zinc, the exceedance durations ranged between 3-28 hours (8 10 74% of
storm runoff duration) and for lead the two exceedances were each 6 hours or 20-25%
of the storm runoff duration. For those cases where an exceedance was measured, the
average duration of exceedance (expressed as a percent of the storm duration) was
app‘toximaxely 60% for copper, 40% for zinc, and about 20% for iecad.

sz-.l!l

Statistical analysis were used to determine if there were differences in water quality
between monitoring stations and between monitoring years. The results were also
used to help select future stations for long term monitoring and to determine the
number of samples that need be collected to detect a given wend in water quality
(pover analysis).

Two way analysis of variance (ANOVA) and analysis of covariance (ANACQVA)
were used 10 perform comparisons between stations and years. Paramerric procedures
(using the actuai values of the data) rather than non-parametric procedures (using the
ranks of the values) were chosen because they allow the statistical results to be used 10
determine the number of samples necessary to determine a given difference between
years and/or stations (power analysis). Previous data analysis indicated total metals
d":u. lognormally distributed and therefore, statistical analyses used log-transformed

ANQVA Results - Starion Diff:

. Figure 9 presents total copper box plots for the four waterway stations for
samples coliected during the permit period. The figure indicates total copper
concentrations are highest and more variable in Calabazas Creek (S1) and Sunnyvale
East Channel (S2), with lower concentrations and less vaniability seen in Guadalupe

River (83) and Coyote Creek (S4). The stations with the higher concentrations drain
smaller more urbanized watersheds, .

The results of the ANOVA statistical analysis (top of Figure 13) indicate
Calabazas Creek (S1) had significanty higher total copper concentrations than

3 (S2ywas
significantly higher than Coyote Creek (S4). If the dasa for the two stations (S1.52)




having the higher concentrations are pooled, these data are significantly higher than
the pooled data for stations S3 and S4 (p=0.002).

Much of the total copper in waterways during storms is associated with
suspended solids, with the dissolved fraction typically ranging from 15% to 30% of
the total concentration (Figure 7). Variations in TSS from event to event may mask
apparent station and or year differences. To examine this effect, analysis of covariance
(ANACOVA) was used to account for differences in total copper concentrations
caused by variations in suspended solid concentrations by including TSS as a
covariant. Differences not due to variations in TSS are seen as bester indicators of
starion and year differences.

Stasion Diff

Figure 10 presents the suspended sediment total copper percentile box plots,
The figure indicates the total copper concentrations in suspended sediments are highest
in Sunnyvale East Channei, with lower concentrations in Calabazas Creek, Guadalupe
River and Coyote Creek. Sunnyvale East Channel is not 2 natural channel Wwhile the
other waterways are natural channels with little or no improvements. This suggests
that total suspended sediment concentrations are lower in constructed waterways
(because of minimal or no bottom or bank erosion) which, for 2 given total metais
concentration, resuits in lower copper concentrations in suspended sediments.

Results of the ANACOVA statistical comparison are presented at the top of
Figure 10. The results indicate Sunnyvale East Channel (S2) had significandy higher
total copper concentrations than_ Calabazas Creek, Guadalupe River and Coyote
Creek. Total copper concentrations in Calabazas Creek, Guadalupe River, and Coyote
Creek are not significantly different after accounting for differences due to T§S.

Annual Differsnces 4

Data from the three similar stations (Calabazas, Guadalupe, and Coyote) were
used to conduct a two-way ANACOVA using year and stations as the effqcts to be
tested, The results shown in Figure 11 indicate total copper was significantly lower in
1992 as compared to 1991 (p=0.044). No other significant differences berween years
were observed. These observed differences may be due to increased rainfall in 1992
5.19.5 inches total) as compared to 1990 (11 inches) and 1991 (14 inches).or other
actors.

In conclusion, these analyses indicate the advantage of conducting ANACOVA
staristical testing taking into account the effects of TSS as a covariate. The results
indicate that, by taking into account TSS. differences between stations were
illuminated which would otherwise have been masked using an ANOVA analysis.
The ANACOVA results also showed a statistically valid annual difference which was
not evident in the ANOVA analysis. : }

There is considerable interest in storm water monitoring to detect long term
trends in water quality that may be associated with BMP implementation. The
following describes the application of the statistical tooi called power analysis to help
address this issue.

The ability to distinguish long-term trends in & dataset is influenced by several
factors including the magnitude of the difference to be observed, the amount of
variability in the data, the numnber of samples, and the desired confidence intervals for
the statistical tests. The probability of observing a given gend increases when sampie
size is increased and decreases when variability and/or desired statistical confidence
intervals are increased. Additionally, the larger the trend to be observed the higher the
probability it will be observed, other factofs being equal. The main variables which
can be controlled are the number of samples and which stations will be monitored.

Results of the ANOVA staristical testing indicated the four monitoring stations
could be grouped into subsets based on total copper concentrations. Each of the
subsets contained differing degrees of variability with the Calabazas Creek Sunnyvale
East Channel subset (S1&S2) having higher variability than the Guadalupe River
Coyote Creek subset (§3&S4). As variability is a factor influencing stadstical power,
separate power analysis was conducted for each station subset. s

Figures 12 presents the results of the power analysis for total copper data
collected at the Coyote Creek and Guadalupe River monitoning stations. Presented are
the number of samples per year (total for both stations) and the power (probability of
detecting the mend) for three projecied trends. For example, this figure indicates that,
at the 80 percent confidenge level, it would take about 22 samples per year to confirm
2 40% change over a 10 year period. If the trend analysis were to be conducted at the
other two waterway stations where the data are more variabie, the analysis shows that
about 30 samples would be required. .

An alternative power analysis was conducted using the ANACOVA statistical
results which examines differences in total copper caused by factors other than
changes in towal suspended solids (Figure 13). When compared to the previous power
anajysis presented in Figure 12 it is apparent that changes in TSS-corrected total
copper are easier to detect using the ANACOVA model, reflecting the lower
unexplained error after changes due to TSS are taken into account. (For example, 13
samples per year are sufficient to detect a 40% change).

The disadvantage 10 using the ANACOVA model is that it is more difficult to
relate the observed differences to actual changes in pollutant concentrations and Joads.
The advantage of the modet is that, by correcting for changes in TSS in individual
storms, some of the influence due 10 changes in stream hydrology during individual
storms is taken into account and annual differences due to other factors may become
more apparent.

Toxicie Text

'U:e purpose of toxicity monitoring was to characterize toxicity at different land
use stations and to provide a long term assessment of toxicity (frequency and
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intensity) in waterway stations. Storm water samples were collected in Santa Clara
County during several winters. Some of these were used in chronic, 7-day toxicity
tests with Ceriodaphnia dubia (USEPA,1989), and some were used for further
characterization employing toxicity identification evaluations (TIE) phase I protocols
(USEPA, 1988).

. The results of chronic toxicity tests are presented in Figure 14, arranged by
categories of toxicity intensities. The legend lists the categories in ascending order of
intensity (F being more intensive than A) and defines each toxicity category. The
morulity endpoint is based on how long it took for a sampie to cause monality of 50%
of the test organisms, and samples were assigned to one of three groups: exwremely
toxic (F, less than 24 hours), highly toxic (E, 1-4 days), or moderately toxic (C and
D, 4-7 days). Impaired reproduction (or lack of reproductive effect) was assessed for
all samples that did not cause monality within S-7 days, using the average number of
offspring per female per reproductive day (OFRD) as compared to control OFRD.
Moderaiely toxic samples were assigned to category D if they did not impair
reproduction and to category C if they did. Samples which did not kill the organisms
but caused impaired reproduction were defined as non-lethal (category B), and
samples that did not have any deleterious effect were categorized as non-toxic
(category A). Generally, the term "acute toxicity” for C. dubia refers 1o woxic effects
delineated in categories E and F (monality within four days), while the term “chronic
toxicity” refers to situations encountered in categories B, C, and D.

Samples from various stations revealed distinctly different distribution among
toxicity categories (Figure 14). In the heavy industry station (L-2), all of the samples
collected during 1991-1993 were extremely toxic (category F). All samples collected
at residential and commercial areas in 1989 caused morality, and half were exmemely
toxic. The majority (80%) of the watcrway stations sampies collected during 1989-
1994 were lethal 10 C. dubia (categories D. E and F), but only 20% were extremely

toxic. It is important to emphasize that moderately toxic and non-lethal samples from -

residential, commercial, and mixed land use catchments did not inhibit reproduction of
C. dubia. except for one unusual event (SE-27) in which ail samples collected in Santa
Clara Valley impaired reproduction. On the other hand, most of the transportation
siations samples inhibited reproduction, and were categorized cither as moderately
toxic (category C) or non-lethal (category B).

Figure 15 shows the relative intensities of toxicity as measured in Coyote
Creek (Station S4, Table 1) during three years of monitoring. The white upper portion
of cach bar represents the median time 10 lethality (LTsg), which is the duration of
exposure that killed 50% of the test animals. The shorter the LTsg the higher the
toxicity. The duration of the entire test is 7 days (168 hours). To more easily visualize
vaniations in toxicity, we have defined a relative toxicity intensity unit that equals 168
hours minus LTsg, shown by the lower darker part of each bar. Taller dark portions
mean higher intensity of toxicity, and absence of a dark portion means that toxicity
was not detected at all. As can be seen in Figure 15, the variability in toxicity between
storm cvents is very high, and due to this variability it is difficult 10 sec a wend.
However, toxicity was detected in autumn and spring storms more often than in mid-
winter storms. The environmental significance of laboratory toxicity tests using
sensilive non-native organisms is unclear. But the fact that the actual runoff duration
in waterway stations is consistently less that the observed LTsos suggests that storm
water may not be creating toxic conditions in the gibutary sweams.

TIE testing has been conducted in a limited way, in part because such tests
require highly toxic samples that have not been observed in waterway samples since
1991. TIE tests (3 samples) from industrial stations showed that dissolved menals
accourited for a substanual portion of the toxicity observed. This is consistent with the
fact that, at industrial stations, dissolved metals also exceeded WQOs and the toxicity
intensity correlated with the magnitude of the exceedance.

., At waterway stations (S samples) and transportation stations (1 sample) the
major causes of toxicity were non-polar organics (¢.g., pesticides or hydrocarbons),
or metal-organic complexes. This is consistent with the lack of exceedances of WQOs
by dissolved metals and lends support to the appropriateness of dissolved (rather than
total) concentrations as the preferred indicator of acute toxicity (Cooke and Lee,
1993). lnsiead of metals, pesticides, particularly diazinon, have been implicated as a
major cause of toxicity in urban runoff samples from residential areas in Alameda
Coungg;(S.R. Hansen, personal communication) and in the Central Valley (Connor et
al, 1994).

Conclusi

(1) The cffects of land use on water quality is statistically significant only when data
are pooled into the following broad land use categories: open, residential/co .
and heavy industial. No statistically significant differences in water quality have been

determined for data sets within these broad land use categories.

) Ehﬁchmem analysis indicates that urban sources of cadmium, lead, and zinc are
much larger than upland erosional sources, whereas for copper and nickel both
sources are important. Chromium appears to be primarily an erosional source.

(3) Discrete grab sample water quality data correlate with flow whereas past attempts
with éorrelations using flow composite data have been largely unsuccessful.

(4) Linear Isotherm equilibrium partitioning theory applies to storm water samples in
alluvial sreams and 1o a lesser extent in storm drains. This theory is very useful in
predicting the dissolved versus particulate fraction of metals which is imponant in
evaluating the potential toxicity and treatability of the sample.

(3) Excecdances of acute water quality objectives have not been observed with
dissolved metals data and only 2 copper samples (out of 42) exceeded the chronic
objectives. Toxicity data indicate that toxicity does not correlate with- total
concentrations of the metals and that toxicity is not reduced by filtering the sample,
These resuits support the current EPA recommendations (EPA, 1993) that dissoived
forms of metals are preierred for evaluating compliance with water quality objectives.

(6) If total metals data is used to evaluate compliance, grab sample data indicate that
the duranon of exceedance is 20-60 % of the storm event duration depending on the
metl. )

(7) Evaluating differences berween stations and between years appears to be facilitated
if one uses ANACQOVA analysis using TSS as a covariate. This effectively eliminates
hydrologic effects associated with increased TSS (and implicitly increased flows).
This analysis indicated that water quality in a watershed where the channels have been
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significantly improved (e.g., lined with.concrete) was satistically different from
water quality collected in natural watersheds. -

(8) The results of a power analysis 10 design 2 monitoring program to detect potential
long term trends in water quality shows that accounting for TSS as a covariate could
reduce the sampling burden. Nonetheless the number of samples per year required to
measure trends are large (eg, 20-40 samples) and it is questionable whether such
resources should be applied, especially every year. The authors suggest that
monitoring resources should be balanced between compliance and trends analysis
versus focused special studies of limited duration.

(9) Toxicity effects have been characterized in six categorics depending on the type of
effect (mortality and/or reproduction) and time scale of effect. Based on this
classificarion, toxicity testing data indicate that runoff from different land uses exhibit
different levels of toxicity to Ceriodaphnia dubia. The most toxic samples were found
in industrial land use areas, and the least toxic were collected at transportation
comridors, However, samples from transportation corridors specifically inhibited
reproduction of C. dubia.. .

The cause of toxicity also varied. Data suggest that dissolved metals are the
principal cause of observed toxicity at the heavy industrial station whereas at
waterway stations the cause appears 1o be related to non-polar organics dr metal-
organic complexes. Pesticides, particularly, diazinon, have been implicated-in storm
water monitoring conducted in other areas of the state. :

The two major watersheds, Guadalupe River and Coyote Creek. will continue
to be monitored annually for five storm events per year 10 evaluate long term trends in
water quality and to determine if storm water discharges are in compliance with water
quality and toxicity objectives. Sunnyvaie East Channel and Calabazas Creek will be
monitored every other year to meet these objectives. and to provide comparagve data.
The program will continue to conduct studies to evaluate control measure
effectiveness, such as the development of BMPs for the control of pollutants from
urban parking lots, scheduled for completion in December 1995. Toxicity testing will
continue, but new approaches 1o evaluating the causes of observed toxicity will be
impiemented to benter understand this complex environmental issue. .

In addition to taking a more targeted approach specifically to stormwater
quality monitoring, the Program will initate efforts in the next permit period to expand
the scope and purpose of monitoring. New monitoring objectives include greater
emphasis on source identification, integrating monitoring into the goals of public
education and participation, and expanding the scope of monitoring as a component of
watershed management. :

The Program recently completed a pilot Citizen Monitoring Project and will be
supporting an expansion of this throughout the Santa Clara Valley in an effort to
encourage public education and participation and to help prevent illegal dumping
through increased community awareness. A pilot watershed-based sediment sampling
and analysis project will be conducted in late 1994 to test such an approach to source
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identification, with particular emphasis on potential erosion and sediment management
measures to reducing total copper loads to South San Francisco Bay. Finally, the
Program, in cooperation with the Bay Area Stormwater Management Agencies
Association and the San Francisco Estuary Institute, will be developing
comprehensive watershed monitoring goals, objectives, protocols, and data
management and analysis guidelines. A watershed monitoring approach will then be
implemented in the Santa Clara Valley during the next permit term as component of
watershed management. .
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Results of ANOVA Comparison Between Waterway Stations
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CDOT HIGHWAY STORMWATER RUNOFF MONITORING RESULTS

Philipp Sieber*

Abstract

Extensive stormwater monitoring efforts have been undertaken by
municipalities and transportation agencies. The Federal Highway
Administration (FHWA) and the Colorado Department of Transponatxon
(CDOT) have been involved in such monitoring.

Findings and conclusions from the FHWA and CDOT monitoring efforts, and
comparisons between the two are presented in this document.

Introduction

The National Pollutant Discharge Elimination System (NPDES) stormwater
regulations have required municipalities and transportation departments across
the country to recently engage in extensive stormwater monitoring efforts.

The intent of the NPDES regulation is to characterize pollutants present in
stormwater runoff. For transportation departments, the above translates to
pollutants present in highway runoff.

CDOT compiled highway stormwater runoff characterization data collectcd in

the past by FHWA. In addition, CDOT performed highway runotf momtonng
during 1993 in Denver, Colorado.

Background data

Most of the existing background data characterizing highway stormwater runoff
is from studies performed by FHWA in the mid-seventies and eightiés. These

*Sieber, Water Quality Engineer, Staff Design - Hydraulics, Colorado
Department of Transportation, 4201 E. Arkansas, Denver, CO 80222.

1 ) Sieber

studies included monitoring data from 993 separate storm events including 16
events in Denver, Colorado. A summary of the FHWA data (shown as median
values for highway site median concentrations) is included in Table 1.

Table, 1
Highway Site Median Concentration (FHWA®, 1990)
POLLUTANT (mg/L) ADT® < J0.000 ADT® > 30,000
Total suspended solids 41 142
Chemical oxygen demand ) 49 114
Nitrate + Nitnte 0.46 0.76
Total Kjcldahl Nitrogen 087 153
Total phosphorus 0.16 0.40
Copper 0022 0.054
Lead 0.080 0.4
Zinc 0.080 0329

*ADT = Average Daily Trailic
Highway Stormwater Runoff

FHWA defined common sources, and types of pollutants found in highway
stormwater runoff, and these are listed in Table 2.

Table 2
Sources of Common Highway Pollutants (FHWA?, 1984)
POLLUTANT SOURCE
Particulates P wear, vehicles, at phere, ._
Nitrogen, Phosphorus| A phere, roadside ferulizer application
Lead Leaded gasoline, tire wear, lubnicating od and grease, beanng wear
Zinc Tire wear. motor ou, grease
Iron Autobody rust, steel highway structures, moving cngine parts
Copper Plating, beanng/bushing/brake wear, enqine pans. insectiades
Cadmium Tire wear, insccuade applicauon
Chromium Metal plaung, moving cngine parts, brake lining wear
Nickel fucls, ouls, metal plaung, bushing wear, brake lining wear, asphait
Manganese Moving engine parts
Bromiue Exhaust
Cyamide Anucake compound used to keep deiang salt granular
Sodium. Calaum Deiang salts, grease
Chlonde Deiang saits
Petroleum Spulls, lubricants, anufreeze and hydraulic {lwds, aspnalt
P-chlonnated Pesuades, atmosphenc deposition, PCB catalyst ia synthetic ures
bipheavi
Pathogenuc bactena  |Sodl. litter, bird droppings, livestock and stockvard waste
Rubber Tire wear
Asbestos Clutch and brake lining wear
2 Sieber



The concentration of pollutants in highway stormwater runoff is affected by
factors such as: precipitation intensity, duration, and volume; temperature;
surtace wind speed and direction; highway configuration, design,
geometrics, and drainage features; pavement composition, condition, and
quantity; traffic characteristics (Average Daily Tratfic - ADT); vehicular
transported, generated, and deposited inputs; maintenance practices; and
surrounding land use (urban vs rural). ADT was identified as one variable
having a significant impact on pollutant concentrations.

Some overall conclusions reached by FHWA on highway stormwater runoff
and its etfects on receiving waters were:

+ Highway stormwater runoff for highways with ADT < 30,000, with no
curb and gutter design, exerts minimal to no impact on the aquatic
components of most receiving waters.

* Annual pollutant loads from highways are low relative to loads from
entire watersheds.

« Of five species (mayfly, isopod, water flea, gammarid, fathead minnow)
used in acute laboratory bioassays, only the gammarid exhibited a toxic
response to undiluted highway runoff.

CDOT Monitori
Location

Initially, CDOT considered using the same site that had been used by
FHWA, which was located on interstate [-25, extending from just south of
fully directional interchange with interstate I-70 to Fox street. This site had
an ADT of 149,000 with a drainage area of 1429 Ha. The monitoring
period was between August 1976 and July 1977 during which data from 16
events was collected. Using this site was, however, not possible due to the
I-25 re-construction work currently in progress where the site used to be.

CDOT therefore evaluated several other alternatives, and selected a new
site for the monitoring. The site was located on Interstate 225 (I-225) at
milepost 225. ADT for [-225 is 95,000. Drainage area for this outfall was
759 Ha of CDOT's right-of-way (ROW), starting at milepost 2.35 just east
of Cherry Creek and ending at milepost 3.07 further east. The drainage
area includes paved surtaces (six highway lanes plus shoulder) as well as
vegetated surfaces (median and areas between the edge-of-oil and the
ROW fence). Stormwater runoff from this area discharges into Cherry
Creek through a 60.96 cm outfall.

3 Sieber

The following criteria were used to select the monitoring site:

+ Location: The site should be located within the cities of Deaver,
Lakewood, or Aurora.

» Type of runoff: The drainage area had to be exclusively CDOT's ROW
with 2 minimum or no outside contributions. Also, the conveyance for
the highway runoff should not have any connections with conveyances
draining water from areas outside CDOT's ROW.

~ Safety: The site had to have an area to install the monitoring equipment

in such a way that no safety hazards were created for the traveling
public, nor for personnel operating and servicing the monitoring
equipment.

* Accessibility: The area should have easy access to facilitate sample
collection.

o Diainage area: The drainage area for the site bad to be 4,05 Ha or
more.

Equipment

The following equipment was used for the monitoring:

- Automatic sampler with power supply
- ﬁelay to drive autosampler

- Data logger with power supply

- Data storage module

- Pressure transducer

- Con-a-flow bubbler system

- Rain gauge

Descripti
Surface drainage for the monitored area is collected by inlets located in the
median and the roadway ditch, and is conveyed through a storm drain. The
storm drain runs in the median on a 3% slope.

Sampling occurred at the last inlet located in the median, just prior to the
outfall to Cherry Creek. The inlet is located at milepost 2.25, 30.48 m
upstream from the outfall. Because the outfall is actually located outside
CDOT's ROW, it was not possible to perform the sampling at the outfall.

A shelter was constructed to house the monitoring equipment which was

4 Sieber




installed about 457 m from the sampling point.

To provide flow measuring ability, 2 60.96 cm Palmer-Bowlus flume was
constructed just upstream of the outlet of the storm drain into the inlet.
Samples were collected just downstream of the flume.

A base flow existed in the storm drain, however its magnitude was so
minimal (0.0001 m®/s) that it was considered negligible. It was assumed
that the source of this basetlow is groundwater seepage into the storm
drain.

CDOT contracted with the U.S. Geological Survey (USGS), Water
Resources Division, Colorado District Office to perform the monitoring.
Most samples were analyzed by the USGS National Water Quality
Laboratory in Denver; analysis of fecal coliform, fecal streptococcus, and
specific conductance was performed by USGS field personnel; analysis for
Biochemical Oxygen Demand (BOD) was contracted with the Metro,
Wastewater Reclamation District laboratory.

Procedure

According to the regulation, samples were to be collected from three storm
events occurring at least one month apart and with a preceding 72 hour dry-
period. However, due to Colorado’s climatic conditions, CDOT used (with
previous approval from the Colorado Department of Health) a variatice in
the sampling requirements according to the following criteria: ¥

» A 7 day separation between storm events.

« A change in the 72 hour dry-period as follows:

< 5.08 mm 24 hours

< 1270 mm 48 hours
> 1270 mm 72 hours

Collected samples were analyzed for the constituents listed in the NPDES
stormwater regulation [40 CFR 122.26 (d)(2)(iii)(A)).

From the data collected at the [-225 monitoring site, estimates of anmual
pollutant loads and Event Mean Concentrations (EMCs) were calculated
for the following constituents: total suspended solids, total dissolved solids,
biochemical oxygen demand., chemical oxygen demand, total nitrogen, total
Kjeldahl nitrogen, nitrate plus nitrite, total phosphorus, dissolved
phosphorus, cadmium, copper, lead, and zinc.
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Individual EMCs were combined and a runoff-volume-weighted average
EMC was calculated for each constituent. The calculated EMCs represent
Site-average EMCs for the 1-225 monitoring site. These EMCs do,
however, not account for runoff volumes lost due to storage, infiltration, or
evaporation. :

Since CDOT has only one land use (highway), in addition to the Site-
average EMCs, the calculated EMCs represent the Land-Use average EMC.

Estimated pollutant loads from the state highway system were estimated for
the cities of Denver, Lakewood, Aurora, and Colorado Springs. The
pollutant loads were calculated as:

Drainage area x Rainfall X Runoll -cDeMdent x EMC

Drainage areas for the state highway system within Denver, Lakewood,
Aurora, and Colorado Springs were calculated based on CDOT's highway
database. This database contains information on pavement widths and

lengths.
Drainage areas were calculated as:
Pavement width X Pavement length

Information regarding median widths, or edge-of-oil-to-ROW-fence widths,
is not available, and therefore was not included as part of the drainage area
computations. Only pavement area was used for the calculations.

However, the pavement is where most of the pollutants are expected from.

Using criteria established by Urban Drainage and Flood Control District for
the Denver Metro area, and rainfall data submitted by the city of Colorado
Springs, an annual runoff producing precipitation of 327.66 mm was
selected for the four cities.

A runoff coefficient of 0.90, which is standard for paved highway surfaces,
was selected.

Resuits

Table 3 includes CDOT's monitoring results for the [-225 site (only for
those constituents that were detected). Table 4 includes calculated EMCs
for both the FHWA [-25/1-70 site and the CDOT [-225 site. For
comparison purposes, the EMCs for the [-25/1-70 site were also calculated
as runoff-volume-weighted average EMCs using the same procedure as the
one used to calculate the [-225 EMCs.
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Table 3 Table 4
1-225 Monitoring Data EMCs [-225 and [-25/1-70
CONSTITUENT UNITS STORM 1| STORM 2| STORM 3
Datc 07/20/93 08/05/93 u8/30/9% £ CONSTTITUENT EMCs 1-228 EMCs 1-25/1-70
Rainfull mm 10.4% 10.14 331 Total suspeaded solids (mg/L), TSS - 1419.138 334.737
Storm runolf m’ 4734 48.14 25.449 Total dissolved solids (mg/L), TDS 154573 N/A
Storm duration hours 254 0.9 0. Biochemical oxygea d: d (mg/L), BO 34077 33293
Dry penod hours 144.0( 120.04 48.00 Chemical oxygen demand (mg/L), COD 267.179 207.632
Drainage area Ha 759 15 7.5¢ Total nitrogen (mg/L), TN 5388 N/A
Storm runolf mm 0.6. 0.64 034 Total Kjcidahl nitrogen (mg/L), TKN 3.748 2835
Total Suspended Solids mg/L 2910.04 628.0 114.04 Nitrate plus nitnte (mg/L), NO2 + NO3 L640 N/A
Total Dissolved Solids mg/L 158.00 170.04 119.0d1 Totaj.pbosphorus (mg/L), TP 0575 0.649
Bioch I Oxygen Demand mg/L 31.00 34.04 40.00 , |Dissolved phospborus (mg/L), DP 0.458 N/A
Chemical Oxygen Demand mg/L 380.0( 180.04 0.0 Cad total reco ble (ug/L), Cd 1578 17.137
Total Nitrogen mg/L 4.7q 5.80 5% Copper, total recoverable (ug/L), Cu 49359 108.664
Total Kjeldahl Nitrogen mg/L as N 3.1 4.1( 434 Lead. total recoverable (ug/L), Pb 128.462 519323
Nitrate plus nitrite mg/L as N Y164 L7d 1.6 Zing, total recoverable (ug/L), Za 470653 477.256
Phosphorus, (otal mg/L as P 0.4] 0.84 027 B
Cadmium. total recoverable ug/L as Cd 2 3.0 1.0q N/A Comparison
Copper. total recoverable ug/L as Cu 75.04 32.04 34.00 .
Lcad, total recoverable ug/L as Pb -260.00 53.0d 24.00 . The [-225 data obtained by CDOT, and the I-25/1-70 data obtained by
Zinc. (otal recoveranle ug/L as Za 690.0d 29000  +00.00 FHWA are graphically compared in Figure 1.
Oil and grease mg/L . 9.0 200 11.008
Fecal coliforms cols/100 ml " 1680.0q 1650.00  38000.
Fecal streptococa cols/100 mi 920000 10500.00 15000.0¢}
pH S.U. 8.1 7.9 7.7
Bis(2-cthylhexyl)phthalate ug/L N/A 9. 25.001
Arscaic, 1otal ug/L as As 4.0 204 L0
Chromium, (otal recoverable ug/L as Cr 27.04 8.0 4.008
Mercury, total recoverable ug/L as Hg N/A 024 N/Al
Nickel total recoverable ug/L as Ni 200 10.04 7.0
Phenols. total ug/L 7.04 9.0q] 21.008
Sodium, dissoived mg/L as Na 20.04 20.04 13.00H
Potassum. dissolved mg/L as K 3.6 721} 220
Alkalinuv mg/L (CaCO3) 46.00 59.04 14.0(H
Sulfate. dissolved mg/L as SO4 16.0d 16.04 16.0K
Chlonde, dissolved mg/L as Cl 1409 2100 14.0§
Nitne mg/L as N 0.04 0 0.0¢
Ammonia mg/L as N L. L4 340
Total organic carpon mg/L as C 80. 55.001 ol.0H
Spealic conductance us/cm 177.00 28.0( 17200
Mauncsium. dissolved mg/L as Mg 0.97 2.0 15
Calaum, dissolved mg/L as Ca 950 16.04 11.0H
Figure L [-225 vs [-25/1-70
7 Sicber
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By comparing CDOT's data vs FHWA's data it can be concluded that:

No major differences are observed in oxygen demand or nutrients.

The most noticeable differences are in Total suspended solids (TSS) and
in Lead (Pb).

The difference in TSS is mostly due to a very high EMC recorded for
storm #1 at the 1-225 site (2910 mg/L). Values for storm #2 and #3
are much lower (628 mg/L and 114 mg/L) which are more in line with
the values recorded at the 1-25/1-70 site. The high TSS value recorded
at storm #1 could be due to a special condition that day which caused
an increase in sediment loads, or it could be also due to a human or
mechanical error during the sampling. However, no sufficient data
exists which could justify the discarding of this value.

The difference in Pb is most probably due to the change in gasoline
from leaded to unleaded.

In general, a reduction in metals is observed which could be dge to:
improvements in refining processes producing cleaner motor oils and
greases; reduction in insecticide applications due to enwronn?em‘zl
concerns: elimination of leaded gasoline; and improvements in tire
manufacturing processes.

Future CDOT Monitoring

From a regulatory perspective, CDOT does not expect at this time to
engage in additional stormwater monitoring efforts for several reasons:

1.

Existing data. Much data already exists that characterizes highway
stormwater runoff. Additional data will not show different results than
those already obtained.

Cost/benefit ratio. Benefits of new data will be very low when
compared with the high cost of monitoring.

Current monitoring efforts by other DOTs. Other transportation )
departments (i.e. Texas, Washington, Oregon) across the country are still
involved in highway runotf monitoring efforts . In the future, CDOT
expects to compile this data and compare it versus CDOT's and
FHWA's data. After evaluating this data, CDOT will be in a better
position to assess any further monitoring needs.

From a research perspective, CDOT expects to engage in monitoring efforts

9 Sieber

with specific goals:

1. Goal 1: Mouitor three (out of 13) permanent sediment ponds that were
constructed as part of CDOT's Straight Creek Water Quality and
Erosion Control project. The intent is to assess the efficiency of those
ponds in removing sediments in highway and snow-melt runoff, which
are caused by sanding from CDOT's winter operations, and by erosion
in cut slopes.

2. Goal 2: Monitor highway snow-melt runoff during winter in several
locations where various de-icers will have been applied. The intent is to
assess impacts to receiving waters from these various de-icers.

Conclusion

CDOT performed monitoring as required by the NPDES stormwater
regulation. EMCs and pollutant loads of highway stormwater runoff
discharges were estimated.

Data collected during monitoring at [-225 adds more data to that available
from FHWA. However, this new data may not be very representative due
to the small number of events sampled. According to FHWA: "because of
the inherent variability in EMCs, a limited sampling effort consisting of only
a few storm events may produce a poor estimate of site characteristics*.”

Monitoring requirements such as the ones included in the NPDES
regulation result in high costs with little benefits due to: the lack of defined
and specific goals and guidelines; the existing data; and the high cost of
monitoring equipment and sample analyses. It is expected and hoped that
in the future, regulatory agencies will assess the above prior to require the
regulated community to engage in costly monitoring efforts which will
produce little benefits towards the improvement of stormwater quality.
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Methods for Assessing Urban Storm Water Pollution

Channy Soeur, P.E., James Hubka. George Chang, P.EL., and Steve Stecher, P.E.2

Abstract

This paper presents methods for quantifying urban development conditions
and characterizing the impact of urbanization on storm water pollution. Based on
data collected by the City of Austn (COA), it was found that storm water
pollutant mean concentrations can be correlated with development indices and
watershed sizes. Use of the arithmetic mean of event mean conceatrations
(EMCs) to characterize storm water pollution may lead to biased resuts if the
EMC data set are not large enough or not carefully reviewed.

Introducrion

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
development on storm water pollution and to identify Best Management Practices
(BMPs) for mitigating these impacts. Based partially on the findings (COA,

1984) of the monitoring programs, the City has implemented a series of
watershed ordinances (COA. 1986-92) and protection programs.

.

Funded by the City's Drainage Utility (COA. 1992), the COA currently has
two storm water monitoring programs (COA, 1993). One program is estdblishing
a network of forty-five (45) runoff monitoring statons to test land 'use and
structural BMPs. The other program monitors in-stream storm water quality at
eleven (11) creek locatons through a COA/USGS (U.S. Geological Survey)
cooperative project. Table | shows a compilation of the monitoring stations and
the corresponding monitoring and watershed information used in this study. This
study proposes methods to characterize urban storm water pollution using
concentration data and informauon generated from previous COA studies.

IStaff members of Environmental and Conservation Services Depantment. City of
Ausun. Texas 78701: =President. Crespo Consulting Services. Inc.. Austin, Texas
78759 (former City of Austin engineenng staff.)

TABLE1

DESCRIPTION OF MONITORING STATIONS

NO. of Statsoms Drausage Ares lmpervious Cover NO. of Storms
Watershed Descripton Meoanerss s =y AGeousinty Nameded
Saa:
Larye Watersnou 12 1416 - 79360 3 -9 7 25
Small Watersnes 17 1 - m 3 -" 7 29
Land Use :
Unaevetoped 6 3 - 79360 J- 5 2 20
SF Remasmral 6 26 - m 21 - ) 7 29
MF Ressdanuial / Office 4 1 - 3 50 - 88 9 P}
Coswnercial / inewsunal ) i 197 65 - 97 8 3
Traaspenauen 1 10 81 2
Mized 7 1.416 - 32332 12 - 2= 25
Wasersned Type
Urben 8 3. 18 43 - 97 9 2
Subsroan 15 1 - 32832 12 - 39 7 29
Roeal 6 301 - 79360 3. 5 7 20
TABLE2
STATISTICS FOR THE REGRESSION® OF INSTANTANEOUS
CONCENTRATIONS ON STORMWATER RUNOFF FLOW RATES
: PoHutant Parsmesers
Draimage Area  Img. Cover TsS TOC TKN T
Watershea Sseven L3 R-somace >= R.souars Lommare Ao
Walnut Ck @ Webberville R4 14272 s 0.43 0.42 0.08 020
Sheal Creex @ 12 St. 7.308 47 0.67 033 0.3 03s
Waller Crest @ 38 St 1416 43 0.63 0.18 034 053
Han Lane @ NW Ausun m 39 030 0.01 0.02 0.09
Lost Creex @ SW Ausun 160 27 030 0.02 0.04 0.29
Banon Cl. Square Mail 47 86 0.21 0.007 0.001 0.02
Lavaca Si. 14 97 035 0.0007 0.06 023
® A normat emor rearessien reoresents C = 2,07 . waere C i3 Qs the

Now rate. and 4. and U are reeression coetfioems.

** R-souare 15 the T ot

Bold R
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Previous Studics

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 concentrauons between all residential and adequately-maintained
commercial sics. However, some differences exist between undeveloped,
residenual, and less-mantained commercial sites. The average EMCs for large,
mixed land-use. creek basins are generally greater than those of small. single land-use
watersheds. Most of the City's creeks are affected pnmarily by storm water pollution
because there are few significant point sources. In order to compute runoff pollutant
loads, a relauonshup between basin runoff coefficient (Rv, the rauo of the average
annual runoff to average annual ranfall depth) and percent impervious cover was
developed. This relauonship can be descnbed by a quadratic polynomial equation
(COA. 1992). The equation was substantiated by additional data from this stdy. In
general, a linear approximation to the runoff coefficient versus imperviousncss
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 amount of rainfall. The average Rv for
this site should not be calculated as the arithmetic mean of all Rv values unless there
is a sufficient number (to be described later) of these values. Gilbert (Gilbert, 1987)
suggested that the anthmeuc mean may be a biased estimation of the population
mean if the coefficient of vanation of the data is greater than 1.2.

DRefinitions of Vanables

Mean concentration (MC): MC is either the arithmetic mean of event mean
concentrations or the flow weighted mean of instantaneous concentrauons for a
pollutant parameter for any specific watershed. Flow weighted mean is the flow-
volume weighted average of concentrations corresponding to vanous classes of
runoff flow rates.

Percent impervious cover (IC): IC is the ratio of gross impervious area ina
waltershed 10 the drunage area of the watershed. expressed in percentage of the
dranage area. .

Undeveloped site (UNDS): UNDS is a basin or watershed in which little area
has been disturbed by human's acuvity. The ground of the basin is mosty covered by
natural vegetauon.

Development index (DI): DI is a quanuty that represents one or aamy
combinauon of three vanables, including percent impervious cover. land use index,
and watershed type index. Land use 1s classified into five types: undeveloped: single
famuly residenual (SF); office or multi-family residenual (MF); commercial and

3

industrial (Com/Ind); and roadway. Watershed-type means the degree of cleanliness
which is determuned mainly by the age of roads and structures. and the pracuce of
housekeeping work in the area. In addition. it may also be idenufied by the
watershed's relative locaton in the metropolitan area. For the Ausun area. the
watershed-types are urban, suburban. or rural watershed which correspond to the
definitions used in the Ausun's Comprehensive Watershed Ordinance (COA, 1986).

Mean C it for o Shcifie &

. The use of the average of event mean concentratuons (EMCs) for
characterizing storm water pollution for a specific site may lead to biased resuits if
the EMC dara are not carefully reviewed and treated. Primanly, it is important to
determune 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 rainfall event, the number of samples
should range from three (3) to as many as sixteen (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 in considering the
chaaging flow conditions during a storm. Inaccurate discharge values can result in
erroncous flow volume calculations, which will impact the EMC esumation for the
slonn. Finally, the flow-weighted mean concentraton (FWMC) can be computed as
a verificauon. The FWMC should be approximately the average of EMCs if there is
sufficient flow and instantancous concentration data. In order to calculate the
FWMC the flow rate of runoff should be divided into several classes.
Cortesponding to each flow rate class, there is a concentauon value and a
measurement of percent volume of the average annual flow. The FWMC is the sum
of the products of concentration values and the percent volumes of annual flow.

If the average of the EMCs is used to represent watershed mean
congentrations, the number of the sampled events should be sufficient to cover the
eq(im range of ranfall classificauons. As shown in Figure 1. EMC values decrease
with an increase in storm runoff volume. This relationship is not clearly shown
unless the number of sampled events are sufficient and the corresponding EMC
values are grouped. Also. the EMC values may be dependent on build-up conditions
at the onset of rainfall events. Based on the SWMM Manual (U. of Flonda. 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.




between two (2) to four (4) vears in order to adequately represent the enure range of

FDr Sitm wvn $6% Cover B ! Site weeh 39% bmoervious Cover
i f— The EMC values can also vary with the runoff flow rates dunng raunfall events
7 since the instantaneous concentratuon for some parameters is related to the flow rate
(Table 2). The relauonship tends to increase with the increasing of drainage area.
E" © + and is probably the result of increases in peak flow in relation to both drainage area
g l i and growing urbanuzation. The increases in peak flow typically results in increased
8 e channel and bank erosions (COA/ECSD, 1992: Schueler, 1987). If the relationship
S 1 berween instantaneous concentrauon and flow rate is significant. the mean
(] l concentrations of a site should be represented by the flow-weighted mean
? % concentratons. The average EMCs can represent the site mean concentrauons oaly
s if the EMCs were computed from a sufficient number of storms which cover the full
Ex range of the flow rates.
° For the Austin area, a storm water monitoring period should generally run
® . ] () N
o 0s an | 1.8 13 L7 2 classifications of rainfall events. Typically this would provide about twenty to thirty
Stze of Storm RunofT in Centameters (20-30) EMCs. To ensure accurate representation of the different classifications of
L RELACRSNPE AVERAGE EMC AND SIZE OF STORM RUNOFF storm event, the number of dry days before a storm should be divided into a

minimum of two (2) groups and the size of storm divided into a minimum of three
groups; therefore the number of combinations of these two factors is six (2 x 3).
Considering a minimum of three replicates is needed for each class of events, the

|

s | l | number of adequately-sampled events should be at least eighteen (18). For the
| | I | / rainfall conditions of the Austin area, this will require a minimum of two (2) years of
w0 monitoring to satisfv. Because of the difficulty of maintaining and operating a large
j l | | V number of monitoring stations and the potential for drought conditions to occur
i ! l during the sampling period, this minimum time requirement of two years is typically
R ¢ | . / not sufficient. Therefore it is prudent to plan for storm water monitonng over at
2 030" = O - i least a three (3) year period.
€ ] | / ,
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which can be quantified using one or any combination of three vanables: percent

ax

1 impervious cover, land-use index (LI), and watershed-type index (WTI). In this

* |
| |
| / l | The development index (DI) represents watershed development conditions
.
|
I |
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. .t | l study, DI is assumed to be a linear combination of LI and WTI. The following is an
o . example of computation for obtaning DI:
e " I
om ! Step one: Develop a matrix of mean concentration (MI) values for the
a0 .00 1000 13.00 200 1

relationship of land-use types versus pollutant parameters. Given five (5) pollutant

Number of Dry Davs Before a Storm parameters, the matnx is as follows:

FIGURE 2. AN EXPONENTIAL TYPE BUILD - UP EQUATION DERIVED FOR A
ROADWAY LAND USE SITE - FOR TSS
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Land-usc ISS TOC NO3 IKN IR
Undeveloped 77 7 013 032 004
SF Residenual 151 12 0.70 1.60 0.28
MF Res/Office 97 14 063 176 0.8
Com.J/Ind. 216 14 061 224 046
Roadway 320 25 040 120 0.2

Step two: Standardize all mean concentration values to a dimensionless
vanable which has a randomly-assigned arithmetic mean and standard deviation (in
this example, M = 3, and S = 1.581 for a series of numbers |, 2, 3, 4, and 5). Using
SAS STANDARD procedure (SAS Insutute, 1987), the standardized mean
concentrauion is

Stan MC = [(MC -MC)/ 0, IS]+M m

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

Land-usc ISS TOC NO3 IKN IR Avw
Undeveloped 147 123 052 058 0.68 0.90
SF Residental 2.67 242 438 339 306 3.18
MF Res/Office 1.80 285 395 3.74 399 3.27
Com/lInd. 370 294 379 479 482 4.00
Roadway 5.37 555 236 251 244 3.65

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 (WTT) can be derived in the same
manner as steps 1-2.  In thus case the mawnx of MC values consists of watershed
types (rural. suburban. and Urban) and pollutant parameters.

Step four:  Assurmung the development index is a linear combination of LI
and WTT in the tollowing form:

DI = (LI + WTD/2, 2]

then the development index of a watershed can be computed for each of the poliutant
parameters in the matnx.

. Warer Pollul

The values of mean concentrations and development indices for several pollutant
parameters and for all twenty-nine monitonng sites were computed. The pollutant
parameters evaluated using local data are total suspended solids (TSS). chemical
oxygen demand (COD), S-day biochemical oxygen demand (BODS), total organic
carbon (TOC), total phosphorus (TP), total nitrogen (TN), nitrite plus nitrate
(NO2+NQ3), total kjeldah! nitrogen (TKN), ammonia (NH3), total lead (TPb), fecal
coliform (Fe. Col.), and fecal streptococci (Fe. Stp.). These are standard
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 cormrelate well with the development indices. As shown in Figure 3, the TP mean
concentration for any specific watershed in the area can be reasonably estimated from
the development condition of the watershed, i.c.. the land-use index and the
watkrshed-type index of TP. Additionally, the percent watershed imperviousness is
also an adequate index for estimating mean concentrations for the above meauoned
pollutant parameters. On the other hand. regressions of mean conceatrations 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 undeveioped sites. To further review the
data. the NO2+NO3 concentrations are generally higher for the SF residential land-
use sites, probably because of fertilizer applications.

For the TSS-related parameters such as TSS. 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 £ 1000 acres and > 1000 acres).

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

L. This study used data collected from the City of Ausun's storm water
monitoring programs. Although the data is prelimunary. its quanury and quality are
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sufficient for the development of a simplified method to charactenize urban storm
water polluuon.

2.  The impacts of urban development on storm water quality can be
identified by the relauonships of watershed mean concentrauons versus development
indices. A development index may be 2 linear combination of land-use and
watershed-type indices which charactenize basin development conditions. This index
correlates well with the percent impervious cover. For some parameters such as
TSS. TP. TKN, and TOC, the descnibed 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 can
adequately represent the entire ranges of the rainfall event classifications. It is
recommended that the EMC data presented by different organizations should not be
combined for analysis uniess the methods and procedures for obtaining such data are
carefully reviewed. .

4. The use of arithmetic means to charactenize average conditions of EMCs
and runoff coefficients may be biased if the size of data sets is insufficient or the
coefficients of variations 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 recommended that
using medians, adjusted geometric means (Gilbert, 1987), or the runfall or flow-
weighted means will best represent the average conditions of these two vaniables.
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"Low Cost Automatic Stormwater Sampler*

Lynn A. Dudley*

Abstract

The Vortox Co. of Claremont, CA., has developed and
applied for patents on a method of sampling stormwater
sheetflow, outfalls (from end of the pipe) and "in-the-
pipe* during partial or full flow. This unique method is
automatic, 100% mechanical and inexpensive when compared to
other automatic samplers. The Vortox sampler ;s finding
widespread acceptance among state regulators, environmental
consultants, industrial sites, municipalities, as wdll as
military bases. .
Introduction '

Who is Vortox? How did we become involved in the
design and manufacture of a stormwater sampler?

The Vortox Company has been in the business of
manufacturing air cleaners for internal combustion engines
for 76 years. We held one of the first patents for the oil
bath air cleaner. Vortox supplies to OEM’s such as
Chrysler, Peterbilt, Kenworth as well as some aftermarket
applications in alternacte fuel conversions. We also lend
our expertise in design and sheet metal fabrication to the
jobshop market. :

Our involvement in stormwater sampling was the result
of studying the CWA regulations as i:.perta;ned to our
industrial site. This led us into an investigation into
the accepted methods of sampling stormwater and a

\pirector of Engineering, Vortox Co., 121 South Indian Hill
Blvd., Claremont, CA 91711-4997
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determination that no one method of sampling was
convenient, simple, safe, obtained a quality sample and was
cost effective. At the Vortox plant site we have three (3)
points which must be sampled. After determining that we
could not sample manually we obtained quotes on electronic
samplers which would cost several thousand dollars for
three (3) machines. At this point, Vortox was determined to
develop a simple sampling concept and gain acceptance from
the Los Angeles Regional Board for its use at Vortox. We
built a prototype and submitted it to the board with a
request to use the method for collecting stormwater samples
at the Vortox plant. The regulators at the Los Angeles
region not only gave us approval but thought enough of the
method to ask us to show the prototype to the other
Regional Boards throughout the stace. All the Regional
Boards in California stated they would accept this method
of sampling, including the man credited with writing most
of California's stormwater regulations, Tom Mumley from the
San Francisco Bay Region. Vortox made the decision to
patent the concept and enter into manufacturing and
marketing the sampler. We traveled to adjoining states
asking requlators, chemists and consultants to critique the
approach we had taken.The feedback was always positive and
in addition to California‘s acceptance, we obtained
acceptance from Utah, Colorado, Oregon, Wisconsin,
Washington and South Carolina. After 2% years of
production, we have over 350 samplers operating in the
field which includes military bases (Navy and Air Force),
airports (Santa Barbara & Los Angeles County, CA),
municipalities (City of San Diego, CA, City of San
Francisco, CA, Counties of Orange and San Bernardino CA).
The U.S.G.S. has officially recommended the Vortox sampler
be used in some of their stormwater responsibilities for
the military. Industrial site applications range from the

very largest corporations (CocaCola) to the small
businessman.

We demonstrated the sampler for Bill Swietlik, Rod
Fredrick, Kim Hankins and Nancy Cunningham of U.S.E.P.A. in
Washington, DC, with very positive feedback and a request
to have an independent laboratory run a test comparing the
results of an electronic automatic sampler setting next to
a Vortox automatic sampler in a spiked stream of water
collecting samples at different flow rates. The results
from the two samplers were virtually the same. Copies of
the laboratory report is available upon request.

Figure 1, will identify the key components of the
gamplers as all the samplers work on one basic principle.

How does the Vortox sampler work? The primary design
of this product is to capture grab samples and/or composite
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(continuocus collection) samples. The type 316 & type 304
stainless steel sampler is manufactured in three (3)
configurations: Figure 1, The 3 liter (.8 gallon) sampler
for surface flow. Figure 2, The 21 liter (5.5 gallon)
sampler for surface flow. Figure 3, The 3 liter (.8 gallon)
"In-The-Pipe* sampler for end of pipe or underground
stormwater systems. The ] liter (.8 gallon) is sufficient
for the standard tests for Ph, TSS, TOC, metals and
specific conductivity. The 5.5 gallon sampler is used for
applications requiring larger sample volumes (i.a. bio-
assay tests) such as stream beds.We have had requests for
a more inert surface than stainless steel. To meet this
request, we developed an FDA approved Teflon coating which
is applied, as an option, to most of the internal parts of
the sampler.

FIGURE 2
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FIGURE 3
"IN-THE-PIPE" 3 LITER (.8 GALLON) SAMPLER
IN 610MM (29 INCH) PIPE

The three (3) configurations are available with a dam

FIGURE 1 around the orifice (Fig. 4) to allow heavy particles in the

.8 GALLO WATER SAMPLER effluent to sect}e out in the sediment pan before encering

3 LITER (.8 B STOne WX & the sampler or without the dam (Fig. S) so the fluid flows
immediately into the sampler.
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’ The sample will be
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FIGURE 4 FIGURE 5

Each design has an intake adjusting screw at the top
of the ball valve for controlling the racte at which the
liquid enters the sampler. As the adjusting screw is
turned downward, the ball is restricted in its vertical
1ift and throttles the orifice opening. When the adjusting
screw is adjusted down against the ball, the valve is
closed and this is the reference point for all adjustments.
When the intake adjusting screw is opened one-half (1/2)
turn from the fully closed position it will take clean
water approximately 20 minutes to fill the 3 liter (.8
gallon) sampler and shut off the internal ball valve. When
the intake adjusting screw is fully open, the 3 liter (.8
gallon) sampler will £ill in approximately two (2) minutes.
The 21 liter (5.5 gallon) sampler will _fill in
approximately 10 minutes when the adjusting screw is fully
open and well over three and one-half hours (3% hrs) when
throttled down. The adjusting screw is a pregision
machined. screw with slight resistance so as not to slip
from its salected position. Because the effluent is site
specific, some experimenting might be required to obtain
the desired setting.

With the centerport valve closed, top orifice closed
by the ball and vent tube open, the sampler is ready to
collect samples. The upper ball valve will stay closed (B,
Fig.1l) keeping contaminants out of the sampler until liquid
causes the ball to lift and expose the orifice. This
allows liquid to enter the collection chamber (D, Fig.1).
Ag the chamber fills the lower ball valve (C, Fig.l) rises,
air is forced from the head space above the liquid and the
orifice is closed by the lower ball, preserving the sample.
If flow stops and only a partial sample is collected, the
upper ball returns to the closed position, preserving the
sample.

Transferring the sample

To transfer the sample to laboratory bottles (Fig.
6,7.8) simply acttach a flexible tube to the barbed outlet
at the end of the center port valve, (E Fig.l) place the
opposite end of the tube in the bottom of your laboratory
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After transferring the sample, the sampler can be
disassembled for clean up by turning the hex head of the
centerport valve (Fig. 1) clockwise. This disengages the
centerport valve from the double ball valve head and
geparates the sampler into three (3). components; valve,
collection chamber and the double ball valve head. These
parts can be placed in a container of hot water and non
phosphate detergent and scrubbed with a brush to remove any
heavy soils. Rinse with deionized water, dry and
reassemble. Before placing the sampler into service, blow
air through the vent tube to ensure free passage of air,
check that the centerport valve is closed and the intake
adjusting screw is positioned in the desired position.

i {aars

The 3 liter (.8 gallon) sampler can be suspended by
stainless steel cable beneath existing grates with a drop
box depth of approximately 406 mm (16 in). The cable is
laced through the openings in the grate and attached to the
eyebolts on the sampler. (The cable and eyebolts are
available as an option). As the grate is lowered into
place (Fig. 9) the sampler is located at the low point on
the grate, when in place. The sample is collected as sheet
flow moves across and through the grate into the top of the
sampler. Note: The 21 liter (5.5 gal) sampler cannot be
suspended due to the weight when full.

'/ Dudley

FIGURE 9
SUSPENDED 3 LITER (.8 GALLON) SAMPLER
IN EXISTING DROP BCOX WITH GRATE

’.

‘In situations where there are no existing drop boxes
(Fig,y 10), we have a kit approach in both the 3 liter (.8
gallgn) and 21 liter (5.5 gallon) sampler (Fig. 11) which
inclydes the sampler, sump housing and a traffic rated
grate for below grade installation. You simply dig or bore
a hole in the ground (508 mm) (20 inches) in diameter and
610 mm (24 inch) deep for the 3 liter (.8 gallon) sampler
or 559 mm (22 inch) in diameter and 838 mm (33 inch) deep
for the 21 liter (5.5 gallon) sampler to accommodate the
sump, The sump is placed in the hole and the grate rests
on the top flange of the sump. The top surface of the
grate should be at grade level or slightly below. The sump
and grate can be a permanent installation by pouring
concrate around them or they can be portable, as in stream
beds (Fig. 12) by using soil or gravel around the sump.
Field experience has shown these installations take a
little over one hour.

Once the sump housing and grate rim are in place, the
sampler drops inside the sump (Fig. 10) and locks in place
by aligning two (2) keyhole slots in the flange of the
sampler with welded studs located on the horizonal surface
of the sump collar. A slight turn of the sampler will
engage the stud and lock the sampler in place. Replace the
grate plate in the rim, securea with two (2) Allen screws
and you are ready to collect your sample.
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The "in-the-pipe" sampler was developed out of
requests from California municipalities to be able to
bypass a small base flow and catch samples at high or full
flow. We were asked to agccommodate pipe sizes from 305 mm
(12 inches) diameter to 914 mm (36 inches) diameter. The
concept we developed uses the same double ball valve,
intake adjusting screw and outlet valve (Fig. 8) packaged
in a 76 mm (3 inch) diameter stainless steel pipe. The
. device for anchoring the sampler (in-the-pipe) is an
FIGURE 10 : gxpandincilstaa;x;lei:i zgeel band wh’ijch islloc::g i;lio pl;;:‘e

" = e y an inflac e adder or a mechanical turnbuckle. e
ITER (.8 GALLCN) SAMPLER WITH SUMP AND GRATE expanding band can remain in-the-pipe and the sampler
simply disengages by sliding out the open end of the pipe.

Ny I

FIGURE 13

52 3 LITER (.8 GALLON) "IN-THE-PIPE SAMPLER
21 LITER (glgmiibiéq) SAMPLER What we have presented is a brief description of a
- — . ‘2 D & ” ; . .

WITH SUMP (IN THE GROUND) AND GRATE family of liquid samplers which offers a variety of

methodology for sampling. The equipment is gimple, durable,
100% mechanical and user friendly ac an affordable cost.
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HIGH-ACCURACY CSO AND STORMWATER FLOW MONITORING
Terrance L. Burch! and Joanna M. Phillips!

Abstract

i cemn over Combined Sewer Overflow (CSO) discharges has }ed to the
grgwg‘niucg:mml Protection Agency's new CSO O\(crf_lou{ Control Policy for
incorporation into the National Pollutant Discharge Elimination System (NPDES)
permit process. The policy creates a new emphasis on comprehensive CSO system
discharge monitoring and documentation programs. Acoustic transit-time flowmeters
can be used to meet these monitoring and documentation requirements by gmwdmg
high-accuracy and continuous flow data during dry- and wet-weather conditions in
conduits that flow partially full and/or surcharged. Transit-time flowmeters provide
bi-directional flow measurement capability and can be configured for multiple
acoustic paths, making them highly accurate over a wide range of changing water
Jevel and flow conditions, as well as in locations where other flow measuremetit |
methods cannot be used reliably. This paper provides an introduction to the acoustic
transit-time technique and its applicability to a wide range of difficult measurement
sites and includes descriptions of existing CSO flow monitoring installations. *

Introduction

S. Environmental Protection Agency (EPA) is‘ndo_pting a ncw.Combmed
g::vg ?)vcrﬂow (CSO) Control Policy for incorporation 1nto the National _Pouu!ant
Discharge Elimination System (NPDES) and Municipal Discharge permitting

_ This action is being taken in response to growing public concerns and
Clean Water Act requirements for attaining minimum water quality standards in the
receiving waters affected by CSO discharges. In many cases, the new CSO Policy
and permitting process will require municipalities to develop and implement CSO
system momtorng programs for planning, compliance, and reporung purposes.

atory focus on long-term CSO control programs increases the need for
:ch:;:x: ag:lmcrr’xl\casmmm and monitoring systems that may be deployed at
multiple locations within municipal networks. Flow monitoring data collected from
key locations over a range of CSO system {oadings frequently reveal significant

1 Accusonic Division, ORE International, Inc.
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differences in comparison to flow predictions resulting from computer models such as
the Stormwater Management Model (SWMM). Such data is valuable for verification
of the overall modeling approach and specific system features to be analyzed, and for
calibration of the CSO flow network response to inflow events. However, achieving
high accuracy with flow measurements is critical to meaningful systern modeling and
analysis since the propagation of uncertainties (errors) through flow networks can
rapidly grow to unmanageable proportions.

Ultrasonic transit-time flowmeters can be used to meet these CSO monitoring and
documentation requirements by providing highly accurate and continuous flowrate
measurement during dry- and wet-weather conditions. Transit-time flowmeters
include bi-directional (reverse flow) measurement capability and can be configured
for multiple acoustic paths, making them highly accurate over a wide range of
changing water level and flow conditions, as well as in locations where other
measurement methods cannot reliably function.

In addition to providing the data needed for system modeling and evaluation, accurate
flow information is valuable for:

. Regulatory reporting and compliance documentation
. Planning and evaluation of CSO control alternatives
. Alerting operators to CSO system malfunctions

. Optimizing operation of treatrnent facilities

. Allocating user costs and billings

«  Pacing chemical treatments for CSO discharges

Flowmeters for CSO monitoring typically are required to operate under both free-
flowing (i.c., in partially-filled conduits or open channels) and surcharged
(pressurized) conditions. Additional measurement requirements can arise at locations
subject to backflow, reverse flow, or tidally governed hydraulics. The need to
accurately determine flowrates over such a wide range of conditions places stringent
requirements on the methods and technology that can be successfully utilized in CSO
applications. Methods that derive flowrate from measurements of water level only
(using stage vs. flowrate relationships) are simply not capable of meeting these
requirements.

A more suitable approach is developed from consideration of the hydrodynamic
continuity equation, with a derived principle that applies to flow through any conduit
section; ic., flowrate is equivalent to multiplication of a true average current profile
velocity times the cross-sectional area of the conduit flow. Since flows in conduits
range from partially full through surcharged conditions, measurement of water level
is used to determine the cross-sectional flow area (based upon the geometry of the
conduit), and water velocities are measured to estimate the corresponding true
average flow velocity.
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Since flow velocity profiles in surcharged conduits are significantly different than
under free-flow conditions, 2 "compound” approach that automatically selects an
appropriate integrauon method for computing representative velocity profiles and
resultant averages will provide beter flowrate accuracy. Conduit secuons that are
well-removed from upstream bends, obstructions, or other flow disturbances will
exhibit "fully developed™ flow velocity profiles; as will be discussed below, the multi-
path transit-itme method can provide accurate flowrate information even at sites
where flow profiles are not well developed.

ul ic Transit-Time Flow M Principl

The Accusonic multi-path transit-time flowmeters discussed in this paper have been
installed worldwide for high-accuracy flow measurement in over 1000 large pipes,
open channels, and conduits that flow partially full to surcharged. The flowmeters,
which operate in clean or "dirty” water environments, have been used in hydroelectric
and water system applicadons since the 1960s. The flowmeters have been installed in
numerous large CSOs and wastewater treatment plant influent and effluent channels
for high accuracy and reliable flow measurement. Because the flowmeters use
relatively low-frequency, high-power ultrasonic pulses for flow measurement, they
are capable of operating in water with relatively high concentrations of suspended
sediments, as is common in CSO environments.

The transit-time acoustic technique is based on the principle that an acoustic pulse
traveling at an angle across a pipe will be accelerated in the'downstream direction by
the water flowing through the pipe and will amive at a receiving transducer in Jess
time than an acoustic pulse traveling in the upstream direction, which is decelerated.
By mounung transducers to define a path crossing the pipe or channel at an angie to
the flow axis (Figure 1) and measuring the difference in acoustic transit times in the
upstream and downstream directions, an average flow velocity at the level of the
acoustic path is calculated according to the following formula.

T-T) L
I,T, 2cos®

<
N

where: average fluid velociry at the level of the path,
acoustic transit time in the upstream direction,
acoustic transit time in the downstream direction,
acoustic path length between transducers, and
acoustic path angle relative to flow axis.

orNNN<
a8 8 00

In the multple-parallel-path method, average velocity is measured nearly
simultancously at more than one elevation in the flow. These simultaneous velocities
define a velocity profile throughout the flow cross-section for use in calculating an
integrated flowrate. This should be contrasted with the use of a single-point or
single-path velociry to estimate the average velocity throughout the cross-section.
The use of multiple simultancous velociues also makes the method responsive to
changing flow profiles associated with quickly changing CSO flow regimes, which
can go from completely dry to surcharged within minutes during a rain event.
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In addition to the multiple flow velocities, water level within the conduit is measured.
With the Accusonic multi-path acoustic technique, as the water level nises above
cach acoustic path, additional velocity informanon becomes available. The flowmeter
computer changes integration method as appropriate to the number of submerged
paths. The highest accuracy is available when the conduit becomes surcharged, and a
full-pipe integration techruque is applicable. Numerous independent field and
laboratory tests have shown that accuracies of + 0.5 o 1% of actual flowrate can be
achieved in surcharged conduits with a 4-path configuraton. These accuracies can be
maintained even at sites with poor hydraulic conditions by adding a second plane of
transducers in a cross-path configuration. The crossed-plane approach compensates
for any errors due to cross-flow through the measurement sectuon caused by upstream
disturbances.

Under free-flowing (non-surcharged) conditions, flowrate accuracies of +2.0 to 3.0%
of true flow are typically achicved with a 3-path systemn. The increased uncertainties
arc generally associated with determining the flow cross-section area and estimating
an average velocity for the region above the highest operating acoustic path. The
uncertainty can be minimized by adding acoustc paths (i.c., average velocities) at
additional clevations and by averaging redundant Jevel measurements.

For very Jow flows where the water level is below the lowest acoustic path, the meter
can automatically switch to the Manning method (where applicable) to compute

flo using level data only. Typically, however, an acoustc path is placed very
low in the conduit to ensure that velocity data becomes available early in a rain event.

An additional advantage of the acoustic transit-time technique is that the system is
"dry calibrated”, based on measurement of as-built path lengths and angles at the time
of transducer installation. Because the transducers are typically permanently
installed, once these path lengths and angles are known and are entered into the
flowmeter console as parameters, there is no need to recalibrate the system over time.
The multiple-path method also obviates the need for flow profile calibrations that are
required for single-point or single-path flowmeters.

Anothet feature of the multi-path transit-time technique is that it measures bi-
directional flow, which can be particularly important in tidally influenced CSOs. For
example, at New York City's Fresh Creek CSO, negative velocities occur on the
lowest path during the periods of incoming tide while velocities on the hi

indicate an outward flow. The meter determines the net flow through the CSO even
during these periods of bi-directional flow profiles. A singie-point, single-path, or
acoustic Doppler-type velocity flowmeter cannot resolve true net flowrates under
these conditions and can even indicate the wrong direction of flowage! This is of
critical concemn for control of tide gates or other CSO flow diversion mechanisms.

A general arrangement drawing showing a multiple-path flowmeter configuration
installed in the City of Philadelphia's Cottman Avenue CSO is shown in Figure 2.
Transducer Sclection for CSQ/Stormwater Applications

Important considerations in choosing flowmeter transducers for CSO applications are

cost. conduit shape, protrusion into the flow, ease of installation, and whether the
transducers need to be centified for use in a hazardous location. Any transducer
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selected for CSO monitoring use should be constructed of durable, non-corrosible
components for trouble-free, long-term operation.

A variety of ultrasonic transit-time transducers have been developed for use in a wide
range of measurernent applications, including buried and exposed steel pipes,
concrete pipes and trapezoidal channels, and open channels. Internal mount
transducers are often used in CSO and wastewater applications (Figure 3). Accusonic
has developed a dual-element, internal-mount transducer providing a completely
redundant back-up capability to the primary sensor. Low-cost, array-mount PVC
transducers and explosion-proof transducers are also available. Transducers for
mounting on the inside of pipes or channels have generally been designed to
minimize protrusion and to direct flow around the transducer. At sites where large
iterns of debris might be expected to damage anything mounted on the channel walls,
transducers have been recessed in blockouts in the channels walls, or protective
“deflectors” have been mounted upstream of the transducers to prevent damage.

Several different types of water level sensors can be used with the flowmeter—an
acoustic "downlooking” transducer, which is mounted above the flow and measures
level by the time it takes to receive an acoustic signal bounced off the water surface,
an acoustic uplooking transducer (mounted on the channel bottom and reflecting an
acoustic pulse off the water surface), or a submerged pressure sensor. Because of the
possibility that debris could settle on an acoustic uplooking transducer and obscure
the signal, a downlooking sensor is often recommended in CSO applications, with an
uplooker or pressure sensor used for redundancy. The downlooking transduoer is
often recessed in a manhole for continued operation during surcharged conditions.

Recent Flow Monitoring Installations

Massachusetts Water Resources Authorty

Accusonic flowmeters are currently operating for the Massachusetts Water Resources
Authority (MWRA) in the Somerville, Commercial Point, and Constitution Beach
CSOs. All three sites are instrumented with redundant internal mount transducers.
The Somerville and Commercial Point sites are large rectangular box condmu (15 x
7 and 15' x 15", respectively) configured with three or four acoustic paths, and both
are mstrumcmcd with an uplooking transducer for water level measurement. The
flowmeter at Constitution Beach CSO is located in a 36-inch-diameter buried
concrete pipe. Two acoustic aths and an uplooking level sensor are used here

because of space constraints The flowmeters at all three MWRA sites are used to
pace chemical metering pumps for treatment of CSO discharges.

New York City D f Envi | Proteci

An Accusonic flowmeter was installed in one of four 9' x 15’ rectangular outfalls at
the New York City DEP's Fresh Creek CSO Flow-balanced Storage project as part of
a flow study in the early 1990s. The multi-path transit-time method was ideally
suited to this site because of the capability to measure simultaneous bidirectional flow
at various levels. This site often experiences salt water flowing upstream on the
incoming tides near the bottom of the outfalls while fresh runoff flows downstream at
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higher elevations. In 1993 the remaining three outfalls were instrumented with 3-path
Accusonic flowrmeters using low-cost array-mount transducers and an uplooking level
sensor.

City of Philadelphi

A 3-path Accusonic flowmeter was installed in the City of Philadelphia's Cottman
Avenue CSO in mid-1993 as part of an extensive CSO flowmeter intercomparison
study. Low-cost array-mount transducérs were installed in this rectangular 9' x 6'9"
conduit. Four separate level sensors were included in the flowmeter configuration to
measure water level at various locations in the CSO regulator, influent, and
interceptor lines. Flow dam is logged on a diskette in the flowmeter computer and is
downloaded to the City's computers via dial-up modem. Data from several rain
events exhibit rapidly changing flow conditions and demonstrate the need for
simuitaneous multiple-path measurement throughout the channel to provide accurate
flow data (Figures 4, 5). Review of the velocity data simultaneously collected at the
different levels in the flow during these events has demonstrated the superior flowrate
accuracy and resolution provided by the multi-path technique. Flowrates derived
from single-path velocity measurements, via use of a "meter factor” to calculate an
average velocity representing the flow profile, are found to result in significandy
greater uncertainties for flowrates measured over the wide range of conduit flows
observed.

Summary and Conclusions

Multiple-path acoustic flowmeters provide capabilities for acquiring high-accuracy
flow dara in wide-ranging CSO system monitoring applications. New CSO control
policies and regulations are increasing the need for flow monitoring by municipalities
to meet the new regulatory requirements. Major features and advantages offered by

multiple-parallel-path, transit-time flowmeter systems for CSO monitoring
applications are summarized below.

¢ Capability to continuously measure, record, and transmit flow data

¢ Superior accuracy over complete range of changing flow and water levels
¢ Compound flow profile integration for free-flow or surcharge conditions
¢ No required "flow profile” calibration or recalibration over time

* Rugged, streamlined transducer design with minimal flow intrusion

e Multi-level, bi-directional flow measurement capability

¢ Remote system data access and control via telemodem

* Field-proven, long-term operating performance
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Flow

Flow Measurement
Flowmeter

Flow Modeling

Flow Monitoring
Flowrate

Flow velocity

Open Channel Flowmeter
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Transit-Time Flowmeter

Ultrasonic Flowmeter
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Methods and Procedures in Stormwater Data Collection

Thomas Brown, William Burd,
and George Chang, P. E.1

Abstract

This paper presents methods and procedures developed to ensure the quality
of stormwater monitoring data produced by the City of Austin's Stormwater
Monitoring Program. Since 1975, the City has monitored stormwater runoff to
produce data used in many studies, to develop structural-control design criteria, and
to develop watershed ordinances. These ordinances have minimized the impact of
urban development on water quality and resulted in effluent limitations. Given this
high visibility, the City has developed stormwater monitoring techniques and
experimental designs to improve the processes of flow measurement, sample
collection, data management, and daa analysis.

—— Gesleand Ozt

The goal of the City of Austin's (COA's) Stormwater Monitoring Program
(SWMP) is the collecion and analysis of water quality data to guide the
development of watershed ordinances, manage the City's waterways, and fulfill
federal requirements. Stormwater monitoring has been used to comply with U.S.
Environmental Protection Agency (EPA) National Pollutant Discharge Elimination
System (NPDES) permit application requirements, review and improve the City's
watershed ordinances and evaluate the pollutant removal efficiencies of structural
and non-structural Best Management Practices (BMPs). The SWMP has monitored
runoff from a spectrum of land uses ranging from pristine, undeveloped watersheds
in the Hill Country west of Austin to highly-developed urban watershéds in the
City's core. :

1Staff members of the Environmental and Conservation Services Department, The
City of Austin. P.O. Box 1088, Austin, Texas, 78767.

1 Brown et al.
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Stormwater monitoring can be considered as an expanded quality assurance-
~quality control (QA/QC) process (Figure 1). As in all integrated systems, errors
occurring anywhere in the stormwater monitoring process tend to be translated into
other components of the process—ultimately affecting the integrity of data.
Therefore, careful planning at all stages of the stormwater monitoring process is the
key element of the production of quality data (COA. 1993a: COA, 1993b).

a) Monitoring Plan

The monitoring plan defines the quantity and quality of data to be collected,
the water quality parameters to be measured. the land use types and BMPs to be
monitored, and the cost of data to be collected. The plan also specifies the type of
monitoring equipment and software to be installed. The SWMP uses remote-
controlled. automatic samplers that are operated from a central office (Figure 2).

[B)
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The number of storm events to be monitored at each site is determined mainly from I §m
the amount of rainfall and the number of dry days before storms. When the % i
frequency distribution of storm sizes (Figure 3) is grouped according to storm-size 5
class, the total average annual rainfall depths contributed by each storm-size class 1
are roughly equal (Figure 4). According to previous data (COA, 1990), the event } "
mean concentrations (EMCs) for all types of watersheds vary by storm size and the ) E P
number of dry days between storms. In Austin, a range of 18 to 24 storm events H
should be collected at each monitoring station (Soeur, et al., 1994). The range of " .
storm events to be sampled has been determined by experimental design factoring 19 5 1 Pieendl N, >76

three or four storm-size classes with two antecedent dry day classes (Figure 5). In
order to conduct statistical companisons, there must be at least three storm events

collected for each combination in the experimental design matnix. Fipire . Arscoge Ansus) m",",,[ _"' |m| et Slurm K rond iz

Sterm Evest Size Class (cm)

The SWMP anal.yzes 15 standard non-point source water quality parameters

represenung five categories of pollutants, such as. suspended solids, oxygen- Ssorm Event Sims Class (cm)

consuming constituents, nutnients, metals, and bacterial constituents. These """"';""‘ =19 >190<w=l8 >lBwels  >16 TOTAL
parameters are commonly used in other studics to characterize point and non-point <“: 3 5 : 3 5 Py
source pollutants (EPA, 1983).
>= 48 hours 3 ssormm 3 storms 3 storms 3 morms 12 sorme
b R fall M TOTAL 6 seorms 6 storms 6 storms 6 storms 24 storme
Rainfall data are used to relate rainfall amounts to the runoff volumes Figure 5. Recommended Number of Storms to Moaitor by Storm Event Size Class
recorded at a monitonng site.  All stormwater monitoring stations use lipping- And:Auiscedcas oas
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Each water quality parameter requires a certain sample volume for analysis
(EPA, 1992). Automatic samplers provide a limited number of sample bottles. The
number of water quality samples collected for any monitorable storm event range
between three and sixteen samples, depending upon the complexity and size of the
hvdrograph. To accommodate the need for more sample coverage of both the
hydrograph and sample volume for the analysis of 15 water quality paraméters, two
automatic samplers can be used at each site.

Automatic sampling has certain inherent advantages and drawbacks. An
automatic sampling system can be remotely controlled and programmed. reduce
human sampling error. and reduce the danger to field personnel during storm
conditions. Automatically-taken samples, however, may not be representative

6 Brown et al.
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bucket rain gauges, which automatically record both rainfall amounts and rainfall
intensities. The SWMP also uses rainfall data collected by the COA's Flood Early
Waming System (FEWS) automatic rain gauges to supplement and verify the
SWMP rainfall data. The high density of FEWS rain gauges (52 stations in Austin)
is especially imporant during the summer months when highly-localized, tropical
thunderstorms are common. Variations in rainfall within large watersheds are
common during storm events.

¢) Sampling Methodology

The SWMP uses the three standard sampling methods. Grab samples, when
chemically analyzed, indicate water quality at a single moment in a hydrograph and
are mandatory when manual or sterile sampling techniques are required. Flow-
weighted composite samples are composed of a number of equal-volume aliquots
collected at equal intervals of runoff volume throughout the hydrograph (Greenbery
etal, 1992). When flow-weighted composite samples are chemically analyzed, the
data directly yield an EMC for each water quality parameter. Discrete samples are
sets of samples taken in some systematic manner throughout the hydrograph.
Discrete samples show changes in pollutant concentrations throughout the
hydrograph, but can be mathematically combined to yield an EMC for each water
quality parameter (COA, 1983).

During runoff events, different watershed types have varying pollutograph
characteristics. For example, in small watersheds (< 162 hectares, 400 acres) with
medium to high impervious cover, the concentrations of TSS, total phosphorus
(TP), total Kjeldahl nitrogen (TKN), and total organic carbon (TOC) are greatest
during the first flush of nmoff, and then decrease over time (Figure 6)(Soeur, et al.,
1994).

In contrast, in large watersheds (> 162 hectares, 400 acres) with a high
degree of channel erosion, the concentrations of TSS, TP, TKN, and TOC correlate
with flow rate and are greatest at the peak of the hydrograph (Figure 7)(Soeur, et

al., 1994). In Austin, this example corresponds to larger urban creeks draining
mixed land uses.

A refined method for discrete sampling collects samples more frequently
when pollutant concentrations are changing most rapidly. In a small watershed,
sampling events should occur during the rising stage of the hydrograph while
retaining sample coverage of the tail on the falling stage of the hydrograph. In a
large watershed. sampling coverage should be concentrated around the peak of the
hydrograph while retaining coverage on the tails of the hydrograph. During flow-
weighted composite sampling, EMC's in a small watershed are best represented if
many aliquots of small volume are collected during smaller intervals of runoff
volume.

5 Brown et al.
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because of holding-time limitations of some parameters and sample contamination
by the equipment. True duplicate samples cannot be taken with standard automatic
sampling equipment. If the sample water is being transporied over a relatively long
distance (> 15 m. or 50 ft.) or up a steep gradient (approximately > 4.5 m. or 15 ft.),
TSS may settle in the line dunng transit. Automatc sampling may be inappropriate
for the collection of volatile organic compounds (VOCs)(which require zero head-
space sampling) and fecal coliform and fecal streptococci (which have a short
holding time and could be cross-contaminated by the Teflon sample lineEPA,
1992).

In contrast, manual sampling performed by trained staff does not require
expensive equipment, always results in representauve samples, allows duplicate
QA/QC sampling, adjusts sampling for changing conditions, and provides
information on flow conditions from field observations. Manual sampling is limited
by safety concerns, the ability of personnel to respond in a umely manner, and the
number of sites that can be handled in a given storm event (EPA, 1992).

d) Site Sclection and Watershed Documentation

Monitoring site selection requires much planning to achieve characteristic
water quality data for a given land use. Ideally, a watershed should be selected that
does not have significant point-source discharge (e.g., toxic waste dump, land fill,
problematic industrial source, etc.) and is largely covered by the targeted land use or
research objective. The selection of a monitoring site is also influenced by the
nature of the channel at the proposed monitoring location. To most accurately
characterize flow rate and calibrate the rating curve without a flow control
structure, a channel should be straight, have uniform cross-sectional shape, and have
amild slope (¢.g., slope < 0.02) over a relatively long streich. The site must be safe
for field personnel and secure for monitoring equipment. Ideally, the monitoring
station should be accessible for maintenance and sample collection during storms
and high water.

Once a prospective monitonng site has been identified. a watershed analysis
and documentation process defines hydrographs (or peak flow versus time) for
various types of storm events. This watershed information is determined largely by
field survey and map swudy. In general, the channel should have enough capacity so
that a two-year storm event can be monitored. The peak and average flow
conditions help determune which flow control structure and flow monitoring
procedure to use. Watershed documentation provides the quanutative information
necessary to run computer simulations, such as Stormwater Management Model
(SWMM) and Hydrologic Engineering Center models (HEC1 and HEC2), that
create synthetic hydrographs and calculate flowrates.

7 Brown et al.

¢) Elow Measurcment

Determining flow rate through an open channel is the most difficult aspect of
stormwater monitoring. The accurate measurement of stormwater discharges at a
monijtoring station is vital in calculating the EMC's for various water quality
parameters. The SWMP uses four basic methods for determining flow: (1)
appropriate flow control structures, such as weirs and flumes; (2) cross section
area-velocity measurements (o generate a flow-rating curve; (3) application of
Manning's equation: or (4) the runoff coefficient method for estimating runoff (EPA,
1992). During storm events, field observations and video supply additional
information on flow that might not be predicted by preliminary studies.

The SWMP uses flow control structures, such as weirs and flumes to give
accurate flow measurement. Flow rating curves are well-established for both weirs
and flumes (Bos. 1978; Grant, 1972), and the appropniate flow control structure can
be selected according to its sensitivity to a cenain range of flow. Flumes allow
water 1o pass freely, limiting sediment and trash (that can accumulate behind weirs),
but flumes also tend to be more expensive and difficult to construct than weirs.

. The SWMP uses the area-velocity measurement method in larger channels
and creeks where no flow-control structures exist. The COA contracts with United
States Geological Survey to generate flow rating curves in these cases (Intemnational
Organization of Standards, 1983). The average velocity of flow is measured by a
hand-held velocity meter.

. The Manning's equation can be applied to pipe and channel flow, but
accuracy depends on steady flow, straight channels, even and gentle slope, uniform
roughness, and uniform channel shape over a long length of channel (Grant, 1992).
Satisfaction of these conditions is rare in storm sewers. In a few cases when other
methods are not appropriate, the SWMP calculates flow rate using a two-point
measurement system based on the theory of gradually-vanied flow (Figure
8)XDalrymple, 1984; Chow, 1959). This method is subject to some error due to the
unsteady flow conditions of stormwater runoff.

The runoff coefficient method develops hydrographs on information based
on the watershed documentation. This method, used when no other option is
available, can also be used as a check against other flow volume calculations.

f) Eaui Tesii
The SWMP's flow meters were tested in a hydraulics laboratory flume to

investigale equipment performance under a vanety of controlled flow conditions.
Bubbler, submerged probe. and ultrasonic probe flow meters were tested.

8 Brown et al.
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Figure 8. Flow Measurement with Two Points

Preliminary test results revealed that all flow meters accurately recorded depth at
velocities lower than 1.5 m/sec (5 fusec). In the 1.5 to 2.1 m/sec (5 to 7 ft/sec)
velocity range, 5% errors in depth readings were seen, and in the 2.4 to 3.0 m/sec (8
to 10 ft/sec) range, errors in depth of up to 20% were seen. These systematic errors
are most likely produced by flow-induced pressure differentials around the exterior
of the submerged sensors. The submerged pressure probes and bubbler, lines must
be oriented parallel to flow to minimize errors in depth readings at higher velocities.
The bubbler sensor orifice must be pointed downstream for best accuracy. .

g) Site Implementation

Monitoring site implementation is the culmination of an extensive planning
process, which includes a sampling methodology, rainfall and flow measurement
techniques. site selection, and watershed documentation. The typical monitoring
installation consists of a modular equipment shelter, solar panel, rain gauge, buried
conduits for various support systems, flow control structures, a system alarm,
batteries, and phone lines or a cellular phone link (for isolated sites). All above-
ground structures are modular in design for easy installation and removal, since
most monitoring stations have an operational life span of three to five years.

Over the past two years, the SWMP's modular equipment shelters have been

redesigned to improve ergonomics and security. The shelters have large interiors so
that monitoring equipment is accessible for field operations and site maintenance. A

9 Brown et al.

rain guard can be deployed to keep personnel. water quality samples, and
monitoring equipment dry when access is necessary during storms.

Modular weir plates have been installed at several monitoring stations and
can be inexpensively modified if the actual runoff is found to be different from the
calculated runoff values used to size the original weir. Deviations in actual runoff
versus calculated runoff may result from watershed mapping errors or from other
complex phenomenon in the watershed. For example, a calculated runoff coefficient
may not reflect local hydrologic variations caused by a karst terrain. This condition
affects all monitoring sites located in the recharge zone of the Edwards Aquifer,
which underlies western Austin.

At one location, accurate flow measurement was not possible without
channel realignment because the storm sewer channel had a steep slope (slope >
0.043), and was curved. A SWMP field team straightened the pipe's existing
alignment, reduced a section of the pipe's slope (slope = 0.004), and installed a
rectangular weir near the location of the original outfall (Figure 10).

Data Collection
a) Storm Preparation

Weather conditions are closely watched by SWMP personnel when rain
threatens. The local National Oceanic and Atmospheric Administration (NOAA)
weather radar (shown continuously on local cable TV) is used to track storm
development and movement. With advanced warning the SWMP field personnel
cycle the equipment at the monitoring stations through a set of pre-storm
preparations. Typical sit¢ maintenance includes checking bottle labels, icing sample
bottles, checking system voltages, checking communication lines. cleaning rain
gauges, and down-loading data stored in flow meters. Monitoring stations are also
maintained on a weekly basis to accommodate surprise storms.

b) Data Collection and Verification

Rain and flow data are recorded at one minute intervals by a data logger
inside the flow meter. During a remotely controlled operation. the data are
transmitted from the flow meters to the office via telephone. The monitoring
equipment can collect data independently. The down-loaded data are checked for
errors by a computerized scanning program that detects outliers in rainfall data. and
manual scanning of graphical flow and sample event data to verify data integrity.
This verification process also identifies maintenance problems and double-checks
sample-event data before sample bottles are sent to the laboratory.

10 Brown et al.



Figure 9. Realignment Plan for a Monitoring Site

¢) Warer Quality Sample Collection ‘

When rain threatens, the automatic samplers at each monitoring station are
programmed (o automaucally sample storm flow. This feature is useful should a
storm hit without waming (e.g. in the hours before dawn). Even then, the
monutoring staff can still be mobilized after a storm has begun 1o collect a balanced
sample distribution across the hydrograph. A well-balanced sample distribution
throughout any hydrograph is as much art as science, since there is no way to
accuraiely anucipate runoff volume once a storm begins. The best way to achieve
good sampling distribution at all monitoring stations is to watch the changing flow
and ranfall conditions during a storm event and adjust the sample pacing
accordingly.

The SWMP Chain of Custody documentation process has been extensively
modified to facilitate sample documentation and communication between the field
and laboratory. SWMP siaff meet regularly with laboratory staff to coordinate
sample collecuon and analyucal QA/QC procedures.

& D s
The City's SWMP accumulates large amounts of flow, rainfall, and water
quality chemustry data from each monitonng station for each storm event monitored.

As addiuonal monitoning stations become: operational. the amount of data compiled
will grow proporuonally. Consequently, the data admimistration system must not
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oaly deal with the current information flow but also be capable of accommodating
twice as much information by 1996.

Automated data management and storage save Ume in processing and
reducing human error. Water quality and flow data are stored on disk in an
hierarchical file structure such that analogous data classes are stored at the same
levels. Data idenuty labels, such as monitoring site ID codes, facilitate automated
data processing. The goal of data management is to file data in a system that is
appropriate for the way the data is used during analyses. Qualitative and hard copy
data are filed in a restricted central location. Copies for general use are kept in an
accessible location, so that if a copy is lost or misplaced the archives are not
affected. .

Exiemal Resources

* The SWMP utilizes an external, independent group of engineers, that serve
as a professional review board to cover all aspects of the SWMP. The COA is also
a member of a group of regional water quality agencies called the Joint Water
Quality Monitoring Program which is establishing a regional water quality data base.

S

* During the COA's long term Stormwater Monitoring Program (SWMP), the
City has refined and standardized stormwater quality monitoring methods and
techniques. These practices have improved the accuracy of flow measurements and
led to the collection of representative stormwater quality samples. The complexity
of natural phenomena remains a large focus with the SWMP despite the fact that
emerging monitoring technology and less expensive information systems have
imprpved the ease of the stormwater monitoring process. The collection of
comprehensive hydrologic data ensures a more appropriate sample distribution.
Design utilizing principles of hydraulics is critical, especially to benefit from the use
of automated flow measurement equipment and flow control structures. From
carcful planning and implementation of a monitoring project to the field calibration
of each site, the SWMP endeavors to develop and utilize methods and techniques to
achieve data with consistent accuracy and significant statistical validity.
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The 1972, amendments to the Federal Water Pollution Control Act,
referred to as the Clean Water Act (CWA), prohibited the discharge of any
pollutant to navigable waters from point sources unless the discharge was
authorized by a National Pollutant Discharge Elimination System (NPDES)
permit. The principal focus of the NPDES program has traditionally been to
reduce pollutants in discharges of industrial process wastewater and discharges
from municipal sewage treatment plants. This program emphasis developed
because many industrial and municipal sources were not controlled or poorly
controlled at that time and were easily identified as contributing to water quality
impairment. Nonetheless, within the framework of the law, channelled storm
water was classified as a point source. The passage of the CWA led to a‘long
and intense debate over storm water regulations. The Water Quality Act of 1987
added section 402(p) to the Clean Water Act (CWA). Section 402(p) requiras the
Environmental Protection Agency (EPA) to establish phased and tiered
requirements for storm water discharges under the NPDES program (Fetleral
Register, 1992). . :

The application for NPDES permits for storm water discharges consists
of two parts. Part 1 of the permit application includes a description of legal
authority to address separate storm sewer systems; an inventory of outfalls and
details about drainage areas; a field screening program to detect illicit dischagges;
a plan for a representative sampling program to be implemented in Part 2 of the
application; and a description of existing storm water controls. Part 2 of the
storm water permit application includes a list of industrial dischargers to the
municipal separate storm sewer system; quantitative data from the representative
sampling program developed in Part 1; and a storm water management plan o be
implemented during the term of the permit. An assessment of the effectiveness
of the storm water management plan and a fiscal analysis of necessary capital and
operations and maintenance expenditures are also included in Part 2 (Oakley and
Forrest, 1991). -

As part of the response to the Part 2, NPDES storm water permit
application requirements, seven major cities in the Dallas-Fort Worth (DFW)
metroplex participated in a comprehensive storm water sampling program. Thirty
sampling sites representing different land uses (residential, commercial, industrial,
and highway) were sampled for seven storm cvents. Approximately 185

parameters including nutrients, metals, pesticides and organics were analyzed.

Results of the local storm water sampling program are being compared
with historical findings of the Nationwide Urban Runoff Program (NURP), as
well as historical local data. NURP was a five-year program during the period
1978-1983. NURP collected data for ten constituents at 81 sites in 22 cities for
over 2300 storm events at acceptable "lcading sites” where no devices modifying
runoff were upstream. Runoff was characterized by land use and for all urban
sites combined. NURP values included BOD, COD, total Kjeldahl nitrogen,
nitrite+nitrate, total phosphorus, TSS, total copper, total lead, and total zinc. In
addition to these "standard pollutants®, special priority pollutant and metals
studies were conducted at many of the sites.

One use of the data collected from the recent Phase 2 sampling program
carried out in the Dallas-Fort Worth metroplex is to determine the local event
mean concentration (EMC) values for the calculation of the pollutant loads for
local watersheds. An EMC value is defined as the flow-weighted mean pollutant
concentration for a given or typical storm event. Choosing the correct local EMC
value could result in different pollutant loadings than those predicted by the
national average NURP EMC values. The regional program is being coordinated
by the North Central Texas Council of Governments (NCTCOG) (Young, et al.,
1993) and had as its objectives:

1) Satisfy the. U.S. Environmental Protection Agency
requirements for Part 2 NPDES storm water permit
applications.

2) Determine the constituent loads from representative
watersheds in the area.

3) Characterize the land use impacts on water quality.

4) Provide basic information to develop management
alternatives for permit compliance.

Much of the data collected in storm water sampling programs have focused
on chemical constituents and loadings because of the emphasis on the reduction
of loadings characteristic of most Best Management Practice (BMP) goals, and
concemns over the realism of traditional toxicity tests when used to measure
episodic toxicity. Nonetheless, concerns exist about the toxicity of storm water,
and toxicity tests are the only adequate way of characterizing the toxicity. Pcor
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correlations between conventional contaminant measures and toxicity indicate that
toxicity should be measured directly to assess the biological impacts of storm
water runotf instead of inferring toxicity from chemical measurements. With
chemical specific measurements you only find what you are looking for; what you
do find is not always biologically available; the toxicity of all the chemicals that
can be measured is not always known; and our understanding of the interaction
of toxicants (synergism, antagonism, and/or addition) is poor at best. The need
for the use of toxicity tests to determine toxicity has been stated best by Cairns
and Mount (1990);

"No instrument has yet been devised that can
measure toxicity! Chemical concentratians can be
measured with an instrument but only living
material can be used to measure toxicity. "

As a supplement to their participation in the Phase 2 storm water study,
the City of Fort Worth applied for and received a 104(b)(3) grant from EPA to
test the practical use of biotoxicity tests as screening tools in storm water
programs. The City of Fort Worth contracted with the Aquatic Toxicology
Laboratory of the University of North Texas (UNT) to perform acute toxicity
tests on selected storm water samples collected in the Phase 2 storm water
program.  Acute toxicity tests using Ceriodaphnia: dubia and Pimephales
promelas were performed on these samples according.to EPA methods (EPA,
1991a). City of Fort Worth personnel performed Microtox ™, test methods on
some of the same samples. In addition, UNT tested selected samples for chronic
toxicity and some acutely toxic samples were characterized using Phase I,
Toxicity Identification Evaluation methodologies (EPA, 1991b).

Acute loxicity tests were performed on thirty-one storm water samples
collected from eighteen storm events. Sixteen stations representing industrial,
commercial, residential, and mixed landuses were included in the analysis. Of
the thirty-one acute toxicity tests performed on storm water samples from the
Phase 2 study there was no significant.mortality to P. promelas in any of the
tests. In 12 of the thirty-one tests the no observable effects level (NOEL) for C.
dubia was 50% or less. There were 23 tests for which both C. dubia and
Microtox™  tests were ormed. In eight of these tests C. dubia showed
toxicity when Microtox '™ did not, while there were three tests for which a 15
minute ECSO could be calculated for Microtox™ for which there was no
measurable C. dubia response. There were 11 tests for which neither C.
dubia, Microtox™, or P. promelas showed a significant response. In one
test both C. dubia and Microwox™ showed a significant response. These
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results suggest that C. dubia was the most sensitive indicator of toxicity tested,
although strictly speaking comparing Microtox™ ECS0’s with C. dubia
NOELSs 'is not a good comparison. A better comparison would have been a
comparison between percent light loss for Microtox™ and NOELs for C.
dubia. Not unexpectedly, the finding that C. dubia is more sensitive (0 a
broad range of toxicants is consistent with our findings for effluent tests and
ambient toxicity tests.

<The data from the Phase 2 study that will be focused on in this analysis
involves two different but important toxicants, diazinon and zinc. The chemical
specific data from all the samples collected during the Phase 2 study are not as
yet avgilable. The results for the chemical specific summaries reported in this
paper dre based on data from 19 stations represented by eight residenual sites,
seven Andustrial sites and four commercial sites. The data are not as yet
considered final and are subject to revision. Zinc and diazinon are concentrated
on because they were common to most of the samples collected in the Phase 2
study regardless of land use and they were identified through Phase I, Toxicity
Identification Evaluation (TIE) procedures as being the likely causative agents
responsible for acute toxicity to C. dubia, in some of the samples. Fifty-seven
percent’ of the parameters analyzed for, and reported in the Storm Water
Discharge Characterization Final Summary Report—Task 2.0 (1993) were not
found at the analytical detection limits employed in the Phase 2 study.

?Toxicity Reduction Evaluations (TRE), of which Phase [, Toxicity
Identification Evaluation methods are an integral part, are an important part of the
Water ‘Quality Based approach to toxics conurol (EPA, 1984). Facilities which
fail the toxicity portion of their NPDES permits are required to determine the
causes-of toxicity and develop methods to remove the toxicity. Phase I of the
TIE procedures involves the physical and chemical manipulation of a toxic
sample. The toxic sample is fractionated into seven fractions; pH adjustment,
filration, aeration, C,g solid phase extraction, oxidation reduction, EDTA
chelation and graduated pH. The filtration, aeration, and C 4 solid phase
extraction steps are all performed on the sample at its initial pH and after the pH
has been raised to pH 11 and reduced to pH 3. After the sample is fractionated,
each fraction is retumed to the initial pH, if necessary and tested for toxicity.
Those fractions which remove and/or reduce toxicity are further tested to
determine causative toxicants. The process of fractionation and toxicity testing
focuses the search for the toxic components by reducing the number and types of
chemicals one has to deal with by only. concentrating on those fractions which
reduce or remove toxicity. Phase II and III of the TIE procedures involve
verifying the causes of toxicity.




Diazinon is an important toxicant in the southern part of the US. Many
municipal wastewater treatment plants in the southern part of the country are
failing their NPDES permit requirements for toxicity and frequently the indicated
toxicant is diazinon. Diazinon is a very popular broad spectrum pesticide and is
used extensively in residential settings. It is also extremely toxic to aquatic
organisms. The 48-hour LCS0 of diazinon to C. dubia is 0.350 ug/L (Norberg-
King, er al., 1989). Arthur, et al. (1983) recommended that diazinon in
aquatic environments not exceed 0.080 ug/L. The 48-hour LC50 for the midge
Chironomus tentans has been reported as 0.100 ug/L and development of the
larvae of this midge have been inhibited by continuous exposure (80 days) to
concentrations as low as 0.0006 ug/L (Morgan, 1976). Diazinon is sold in a
variety formulations by numerous companies. One liquid formulation of diazinon
sold in quart containers contains 25% diazinon by weight. It would take 247
football field size containers, exclusive of the endzones, three feet deep to dilute
the amount of diazinon in a quart container of 25 diazinon to the 0.080 ug/L
concentration recommended by Arthur, et al. (1983).

Table | shows there is a widespread occurrence of diazinon in storm water
samples regardless of the landuse from which the samples were collected. The
percentage of events and concentrations of diazinon were highest from residential
sites and the median concentration in these samples was greater than the 48-hour
LCS0 for C. dubia.

Landuse Percentage of Percentage of Median -t
Sites with Events with Concentration of
Diazinon Diazinon Diazinon ug/L
Residental 100 97 0.55
Commercial 100 85 0.20
Industrial 83 39 0.00

Table 1. The relationship between diazinon and its occurrence in samples
collected during the Phase 2 study from residential, commercial and industrial
sites in the Dallas and Fort Worth metroplex.

Figure | shows the distribution of diazinon concentrations from the 31
samples from residendal sites for which diazinon concentrations were available.
While the concentrations found in different rainfall events were highly variable,
twenty of the values reported were in excess of the 0.350 ug/L LCS0 values for
C. dubia. The second most frequently measured pesticide

was total chlordane which was found at seven sites, five residendal and two
commercial.

Diazinon Concentrations from Residential Landuse
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Figure 1. Diazinon concentrations from residential landuse and their relationship
to the acute toxicity of diazinon to Certodaphnia dubia. Symbols associated
with rainfall events represent different sites.

A recent California Regional Water Quality Control Board memorandum
(March 17, 1994) reported diazinon concentrations found in storm water samples
collected in Stockton, California from residential and mixed landuse. Two
rainfall events were monitored at thirteen sites. The diazinon concentrations
measured in these samples ranged from 0.160 to 1,050 ug/L. Eleven of the 13
sites had diazinon concentrations greater than the acute LCSO0 value for C. dubia
(0.350 ug/L) and 100% C. dubia mortality was observed at most of the sites
which were sampled. Clearly, as far as pesticides are concerned, diazinon
is a widespread toxicant in storm water runoff and is especially prevalent in
samples from residential landuses. Two of the toxicity identification evaluaticns
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which were performed on acutely toxic samples from residential sites showed that
non-polar organic chemicals were the likely causes of the toxicity and while it
was not established without doubt that diazinon was the causative toxicant, all the
available information points in that direction.

Zinc is ubiquitous in its distribution, but was not included in the analysis
for that reason. Rather, zinc was included because of the manner in which the
collected data were treated in the Phase 2 study and because zinc is a significant
toxicant in aquatic systems. One of the uses of the data collected in the Phase 2
study is to calculate EMC concentrations and to compare these with those
observed in the NURP studies as well as other local studies. Therefore, it is
important that all data which are collected and represent real values be included
in the calculation of the EMC concentrations.

The percentage of sites, events and the median concentration of zinc
collected during the study showed, as one would expect, zinc was found at all
stations and every event (Table 2).

Landuse Percentage of Sites Percentage of Median
with Zinc Events with Zinc | Concentration
ug/L
Residential 100 100 65
Commercial 100 100 130
Industrial 100 100 110

Table 2. The distribution and median concentration of zinc amongst the
landuses studied.

The landuse with the highest median zinc concentration was commercial
(130 ug/L) followed by industrial (110 ug/L) and residenual (65 ug/L). Thirty-
six percent of the samples collected in the study contained zinc concentrations
greater than the acute water quality criterion of 112 ug/L calculated based on an
average water hardness of 28 mg/L as CaCOy (Figure 2). The concentrations
reported for the same rainfall event were, as was true for diazinon values, highly
vanable.

In the Storm Water Discharge Characterization Final Summary Report—
Task 2.0 (1993) from the Phase 2 study, the zinc concentraton collected from
one of the industrial sites was reported as 1,400 ug/L. In the report, this value

was marked as an outlier which was defined as a data value which is obviously
out of the expected range of the parameter being evaluated. In addition, in the
analysis of data collected in the study the following rule was applied o evaluaie
outliers. If the value of a parameter falls more than three standard deviations
away from the average for that parameter, the value is scrutinized more closely
and replaced with a blank if no other measured values are close. The 1,400 ug/L
value was not included in the calculation of EMC concentrations presented in the
report.

Zinc Concentrations in Storm Water
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Figure 2. Zinc concentrations from storm water runoff and their relationship to
the toxicity of zinc w Ceriodaphnia dubia. Symbols associated with
different rainfall events represent different sites.

Subsequent to the sample for which the 1,400 ug/L zinc value was
reported as an outlier another sample was collected from the same industrial site
but in this case, acute toxicity tests were performed on the sample. The sample
was determined to be acutely toxic to C. dubia with an NOEL of <50%. This
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was the single sample mentioned previously for which both a significant C.
dubia response and a significant 15 minute ECSO for Microtox™ was
calculated. A Phase [, TIE was performed on the sample. The EDTA chelation
fractionation step was the only fraction which removed toxicity. Further
independent analysis of the sample showed that the concentration of both zinc and
copper were present at acutely toxic levels and lead was present at chronically
toxic levels. The zinc concentration was 1,720 ug/L while the copper
concentration was 54 ug/L. An examination by City of Fort Worth personnel
revealed the presence of a galvanizing company in the area drained by the storm
drain. Working with the galvanizer the City should be able to remove the
toxicity associated with the facility. Organisms respond to cxt:rema. not
averages.

These examples show the usefulness of the toxicity and TIE methods in
sorting through toxicity. However, the toxicity methods which were employed
in this study are not without weaknesses when applied to the analysis of episodic
toxicity events. Foremost amongst these weaknesses are concemns about how
well, if at all, these methods mimic exposure of aquatic organisms during
episodic events. Collins et al. (1992) state that exposure is a function of several
factors including discharge volume, duration, frequency and mixing; receiving
stream flow; and pollutant concentration. In 1982, EPA recognized that water
quality criteria based on continuous exposure of organisms to constant
concentrations of toxicants were probably overprotective when applied to episodic
storm water samples. EPA (1982) published a procedure to adjust water quality
criteria for exposures which were more in line with those observed in storm water
runoff events. The Virginia Pollutant Discharge Elimination System permits for
storm water discharges contains a toxic management program which integrates
acute toxicity testing, chemical specific monitoring and a toxicity reduction
evaluation component. Virginia's toxic management plan uses EPA recommended
acute toxicity test methods for C. dubia, Daphnia pulex, and P. promelas
but recognizes that exposure is a problem with this methodology (Collins, et al.,
1992). If traditional toxicity methods do not mimic episodic toxicity nposure
what methods might be used to evaluate episodic toxicity?

Aquatic animals have been shown to induce bioelectric signals into
surrounding water which can be recorded as rhythmic analog signals
representative of specific movement activities (e.g., gill beats, heart rates, etc.).
In addition, gape measurements (the degree to which a bivalve is open or closed)
have been successtully used with clams and mussels as a means to determine the
status of this organism.  Utilizing appropriate statistical techniques and
accompanying electronics, changes in bioelectric action responses and gape can
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be detected, processed, and continuously recorded, and have been used in
detecting water quality induced stress in aquatic organisms.

The concept of using bioelectric action potentials to monitor the well being
of aquatic organisms is not new. In the early 1970's Caims et al. (1970, 1972,
and 1975) proposed a biological monitoring system for watershed drainage that
would provide an early waming of water pollution. In addition to stream
surveys, Caims and his co-workers described a unique system for automatically
recording fish breathing and swimming activities in response to developing
toxicity in effluents and ambient receiving waters. Since the early 1970's
numerous attempts have been made to use remotely sensed bioelectric action
potentials to detect adverse conditions (Morgan er al., 1981, 1986, 1987a,
1987b, 1988a, 1988b, 1989). Morgan er al. (1986) have used signals generated
by individually monitored trout to asses environmental conditions. The signals
from the trout were accumulated for a 15-minute interval each half-hour. The
data were held in memory of a data collection platform and transmitted to the
National Oceanographic and Atmospheric Administration, Geostationary
Operational Satellite System on six occasions each day. Broadcast data received
by satellite were transmitted to a direct-readout ground station at the Tennessee
Valley Authority. Ham and Peterson (1994) have evaluated the effect of low
level chlorine concentrations on the valve movement of the Asiatic clam
(Corbicula fluminea).

Europeans have also been involved in the use of remotely sensed
bioelectric action potentials as a means of detecting adverse environmental
conditions for aquatic organisms (Caspers, 1988; Matthias and Puzicha, 1990;
Slooff, et al., 1983). Specific biomonitors evaluated include the rheotaxis of
fish (Juhnke and Besch, 1971) the respiration of rainbow trout (Slootf, 1979) and
the electric field alteration of the tropical fish Gnathonemus petersi among
others (Geller, 1984). A more recent European study used the mussel
Dreissena polymorpha as a biological monitor (Borcherding, 1992).

Managing aquatic ecosystems at the watershed/drainage basin level has
long been an objective of environmental managers. Watershed management by
its very nature dictates that loadings to an aquatic ecosystem and their sources be
understood. The storm water studies which have been and are being undertaken
as part of the NPDES permitting process are making significant contributions to
our understanding of loading. It is equally important that the impact of these
loadings on the system be understood. The rapid evolution of computers,
communications links, geographical information systems, remote sensing, and the
information highway have, or will contribute toward advancing the tools
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necessary to achieve this objective.

The biomonitoring system we are developing and testing is concentrating
initially on clam gape to continuously monitor, in near real time, the status of
clams (Corbicula fluminea) at remote sites. Physically, the non-invasive
system uses industrial proximity sensors aimed at foil targets located on the clams
to record the gape of the animals. The prototype systems we have built and are
testing monitor the gape of ten clams simultaneously.

Conceptually the system we are developing and testing includes the
following components and approaches and is part of an overall strategy to manage
watersheds:

1¢ The biomonitoring system which consists of the continuous
monitoring of clam gape at each site within the drainage basin
being monitored.

&% A means to telemeter the data collected on the stams of the clams
back to a central receiving station.

3 An alarm system which is activated by the behavior of the clams.
When the behavior of the clams is determined by a resident
computer program to be out of range of normal a series of
samplers will be notified to begin taking samples and an event
signal will be sent to the receiving station notifying the operator of
an event.

4. The samples are retrieved from the samplers and toxicity is
verified using C. dubia as the test organism. If the samples are
verified as toxic a Phase [, TIE procedure is initiated using C.
dubia as the test organism. The data from the complete TIE
process should be sufficient to idenufy the causative toxicants.
Based on information from the TIE the likely sources of toxicity
can be identfied and management actions can be undertaken.

Clearly for this menitoring system, or one with similar components, to be
effective several important operauonal conditions must be established. The most
imporant condition is the reliability of the monitor. One consistent problem we
have encountered with the monitors we have used in the past is that the volume
of information and the complexity of the bioelectric signals being monitored (fish
EKG's, breathing, etc.) have been so great as to be nearly overwhelming. This
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does not mean they have not functioned well for the purposes they were intended,
only that it would be advantageous to simplify the signals for this application.
The signals we are monitoring from the clams are greatly simplified. However,
we must still establish the frequency of false positives and false negatives before
the sysiem can be considered useful. We are in the process of doing this now.

The monitoring system must be sensitive to the presence of toxicants but
not so sensitive as to falsely indicate damage to the system one is trying to
protect. We have been using C. fluminea as an in siru biomonitor for some
time. In this application caged young C. fluminea for which initial length and
weight measurements had been taken were used. After an incubation time of
approximately a month the cages were retrieved and length and weight
ddcmunanons were made. Figure 3 shows the relationship between the growth

Compamon of Ceriodaphnia dubia & Corbicula fluminea
Dechlorination

»
- Ilca.u.lc.n-—-l ]
2 ;// s %, ¢ i
i1 B2 Z
155 y 2 ¥ 4g
1 K 1 K a
w4 B 1 B q
. 1 B 1 B 3
’ R4 7B Y 5

Figure 3. Relationship between C. dubia productivity and C.
fluminea growth.

of C. fluminea and the productivity of C. dubia collected from the Trinity
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River in the DFW metroplex above and below a municipal WWTP.

C. dubia productivity is based on grab samples collected from the Trinity River
at the same sites the C. fluminea were incubated. In this example the
exposure of the organisms were different, but the responses were similar. The
suspected toxicant causing depressed C. dubia productivity and the reduced C.
fluminea growth was diazinon. These data support the use of C. fluminea
as a reasonably sensitive organism. Additional data collected during this and
related studies suggest that the Trinity River was impacted beyond that observed
for C. dubia and C. fluminea. The responses of C. dubia have been
shown to be predictive of in-stream impact (Dickson, ef al., 1992).

The data on clam behavior can be telemetered back to a central receiving
station from remote sites. We have done this in the past by collecting and
transmitting fish breathing rates to an over-passing N.O.A.A. GOES satellite and
then to ground stations. We envision coupling the biological monitors with the
network of continuous monitoring gauging stations which record stage height,
flow, and selected physical chemical factors which already exist (USGS,
ORSANCO, TVA, etc.). While the system we are evaluating does not prevent
toxicity from occurring it should distinguish between toxic events and non-toxic
events thereby reducing the time and effort spent on non-toxic events (35% of the
samples tested for toxicity by UNT for the City of Fort Worth in this study
showed no toxicity to any of the test organisms used). Since the organisms are
continuously exposed in siru the exposure regimes should be more realistic
than those based on traditional toxicity methods. The exception to this will be the
exposure for those organisms that might be entrained and move with the storm
water as it travels down the receiving system. Coupling the biomonitors with TIE
methodologies should permit the identification of causative toxics and provide the
basis for reductions in those toxics. These methods plus the advances in refote
sensing, GIS. computer technology, the information highway, file transfer
protocol (FTP) sites and the internet should provide the technical basi§ for
managing watersheds. ‘
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Experiences from the Blackstone River
Wet Weather Initiative

Wright, R. M., M. ASCE: Roy Chaudhury, R.?, A.M., ASCE and Makam, S.’

Awommnndbymcus EPA, to study the Blackstone River under dry and wet
was conducted to pinpoint and rank major sources degrading water quality. The
ﬁvamm:wed.l!bamdang‘lmk: in addition to, six tributanies and five point
sources. Mmmmﬁwﬁfmumﬁmnmmmnaﬁdm
i Methods of interp lh:mthzydnnd\nlnmuhemmayndvu
b are p d Th:wu h is studied to establish loadings from

point sources, mmmm(moﬂrdnnd)ndddmmmmoummw) A
procedure to estimate annual loading rates is presented.

Introduction
Pollutants enter coastal waters either through direct discharge or via a tributary as =n

integrated watersbed load. Water quality studies are rypically done under dry weather, steady state

conditions. In general, those types of studies are ful and pollution is readily d and

modeled. On the other hand, wet weather sources are more difficult to characterize and predict.

Wetweather sources include storm water runoff, bottom sedi i and hined sewag:

1 Professor, Dept. of Civil and Environmental Engincering, University of Rbode lsland, Kingston,
RI 02881 .

2 Post Doctoral Associate, Dept. of Civil and Environmental Engineering, University of Rbode
Island, Kingsion, RI 02881

3 Graduate Assistant, Dept. of Civil and Environmental Engineering, University of Rhode Island,
Kingston, RI 02881

=)=

overflows.

The Narmagansen Bay (Bay) is one of the most important namral resources in Rhode Island
(Figure 1). Mmmy.memhmmm;mhrmmkmndlm)m
fisheries and recreational water course, and yet, it is continually under pressure to assimilate
significant additions of pollutants. ln 1989-90, a study was completed which identified and ranked
the sources to the Bay (Wright et al. 1991).  The stody concluded that the Blackstone River
watershed was the major source of both putrients and trace metals.

mnw:.mu.s.&mumAmmA)mmwmm

quality data pertaining to the Black River. As a recommendation of this report, a program was

proposed to conduct i steady state and wet westher water quality monitoring surveys, to

identify and characterize the major water quality problems in the watershed and to calibrate and

validate steady state water quality models for application in developing waste load all

Following this recommendation EPA, along with the Massachusetts Department of
Environmental Protection (MADEP) and the Rhode Island Department of Environmental M anagement
(RIDEM), developed the Blackstone River Lnitiative (BRI).

Blackstone River Initistive

Phase | of the BRI was conducted jointly by the EPA, MADEP and RIDEM 1nd included a

mprehensive dry weather water quality sampling program on the river, tributaries and discharges.
The results of the three surveys are summarized in Hartman et al. (1992).

The water quality data were used by the Civil and Environmental Engineering Department st
the University of Rhode Island (URI) (Wright et al. 1993: 1994) to calibrate and validate both
QUALZE (Brown and Barnwell 1985), a dissolved oxygen model, and Pawtoxic (Wright and
McCarthy 1985), a trace metals model . These models are being used by both MADEP and RIDEM
in their waste load allocations.

Phase 2 was a joint program by the EPA, MADEP, RIDEM, URI and the U.S. Geological

Survey (USGS). The summary of the field program is reported in this paper. The program inciuded

o,
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the monitonng of the river under wet h ditions for se p ing

trace metals, microbiological indicators and toxicity. The specific objectives of this study include the
following:

1. To determine the spatial and temporal changes 10 waser quality due 10 wet weather:

2. To identify aod rank river reach istive 10 wet ther loads and ideatify major wet

weather pollutant sources;
3. Todﬂnmulﬂmwmmwmndmmhdiw:nd

4. To forecast annual wet weather loading rates.

Sysiem Description
The Blackstone River is an interstate watcrway with its headwaters in Worcester, MA. I

CONNECTICUT flows south through Pawnucket, Rl into the Providence River and finally, Upper Narragansext Bay.
The watershed area covers 1230 k' (480 mi’) and s leagth is approximacely 76.8 km (48 mi). The
m‘MbhmmMWMM.WQ.MMNNM'I
Rivers.

The sampling sutions are indicased 0n Figure 2 and lisied in Table 1 for boch Phase | sod
Phase 2 of the BRI. River mile points are listed from the mouth of the river starting with mile pomt

0. Ounly minor station modificaions occurred berween the dry and wet surveys.

Worcester is the second largest city in M h and historically has been identified as a

major pollutant source 1o the river (Tenant 1973). The ciry's wasiewater is treated af the Upper

Blacksiooe Water Pollution Ab M'smww)mmmmm
m&nyh:‘li:yvilhwﬂomo{ 1.6 mYs (36.6 MGD) providing scasonal advanced wasie
treatment in the form of nitrification. W also has 3 bined age overflow (CSO) facility
which provides seniling and disinfection. The CSO facility discharges berween BWWO00 and BWWO1

while the UBWPAD discharges between BWWO! and BWWUO2.

e ——t —— e

\

\.,_.-\

The other significant urban areas along the river are the cities of Wooasocket, Pawtucket and

~

MLES Central Falls in RI. Woonsocket is serviced by a secondary wastewater plant, with a design flow of

Figure 1. Blackstone River Waterahed
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Statlon 1D _ ] Location | Drainage Area 1 River Mils
Dry Weather| Wet Weather | | sq.km I sq.miles | km | miles
Blacksione River
BWWO0O |Worcaster, MA
BLKOY BWWO1 Worcester, MA 1043 759 731 45.7
BLKO02 BWWO02 |Millbury, MA 2102 821 70.2 49
BLKO3 Millbury, MA 2330 o 88.1 M3
BLKO4 BWWO4 | Sutton, MA, 252.9 988 63.7 398
BLKOS BWWO08 |Grafion, MA 3827 1495 58.1 383
BLKO7 BWW07 |Northbridge, MA 398.1 155.5 51.0 39
BLKOS BWWO08 [Uxbridge, MA 413.7 161.8 445 278
BLK11 BWWI11 |Uxbridge, MA 680.7 269.8 a7 232
BLK12 Millville, MA 709.1 2717 3086 19.1
BLK13 BWW13 |Blackstone, MA 963.3 376.3 208 166
BLK17 BWW17 |Woonsocket, Rl 1103.1 4309 205 128
BLK18 BWWI18 |Cumberand, RI 11343 4431 158 99
BLK19 Cumberand, Rl 11438 4467 13.0 81
BLK20 BWW20 [Lonsdale, RI 1169.2 458.7 59 37
BLK21 BWW21 |Pawtucket, RI 12288 480 0.0 0
Tributaries
BLKOS BWWOS |Quinsigamond River, Grafton, MA 878 342 58.7 387
BLKO9 BWWO09 |Mumford River, Uxbridge, MA 175.4 ess 408 255
BLK10 BWW10 |West River, Uxbridge, MA 05.7 374 387 242
BLK14 BWW14 Branch River, Slatersville, Rl 238.3 031 278 174
BLK15 BWW15 |Mill River, Woonsocket, RI 589 23 213 13.3
BLK18 BWW18 |Peter's River, Woonsocket, Rl 20.7 11.6 21.0 13.1
Point Sources
WORCSO |CSO Facllity, Worcester, MA 755 472
UBWPAD UBWWTF |UBWPAD Facllity, Worcester, MA 748 46808
Woonsocket| WNWWTF |Woonsockel WWTF, Woonsocket, RI 19.8 124
BUCWTF |[NBC BP, East Providence, RI -32 -2
BUCBYP__|NBC BP Byp, East Providencs, RI -32 -2
CSO - Combined Sewer Overflow; UBWPAD - Upper Blackstons Water Pollution Abatement District; WWTF -
Wastewalter Treatment Facility; NBC BP - Narragansett Bay Commission’s Bucklin Point Facliity; NBC BP Byp -
Narragansett Bay Commisslon's Bucklin Point Bypass
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0.70 m*s (16 MGD), tha discharges directly (0 the Blacksione River berween BWWI17 and BWW18.
WmmhmdeWFdhmumwamlmm
and discharge &t mile pt. -2. MWMMFWMBO'JMM:W&:
Blacksione River berween BWW I8 and BWW20,

mBl:mRimvahuulmﬁm(Mndmhmﬂuhmmy. Asa
mﬂLmenwWMywthv&mn«W.
Mmmmmwpnuyw-wmou.m!w.udmhuahm Three of
mmgimmlMIeMMBm.WDﬂleuh
vRiczCllyPondlhovc!W\VOl.

Rainfall Criteria
mxmmwm“m»wmotmmmmm
interpretation of the data. The goal was 10 isolate the effect of a discrete evest 1o permit the
mmmmornmnmmmormmdmmmmm. Rainfall
aﬁanmwmdvmoflhﬁcummmon}mdwunuormm.u
mmmolo.sMo(mm.nwmm(mnoramm-mm
penod of three days. Mmuundsipdmuwlemmwmhmulmm
provide uniform ninfall over the waiersbed. Siorm development znd movemens were tracked by
mmlo;iuwilhlheﬁmldedumbrlhcﬂuohkmwwum.

- hlished

A fi g was

10 cover the study area, consisting of six gages
WWNNIMW“M‘UMmMIWuWWW
wasicwaler treatment facilities (Figure 2). Three storms were successfully moaitored on 9/22/92,
1172/92 and 10/14/93, meeting all rainfall critena with total rainfalls of 14 mm (0.55 inches), 23 mm
(0.92 inches) and 20.3 mm (0.8 inches), respectively. The rainfall coverage for storms I and I
were relatvely uniform. mmmmslm(x.ammmm-%m.m

W 14 mm ( 0.55 inches) in the south.

=,

Sampling Protocol and Frequency
Auﬂofhmmqﬂiynﬂumnqﬂddmmmmm.-“ﬂu
8ix tributanes and five point sources discharges. Stations were selocted 10 isolate wet weather

problem areas such as point impoundments, bined sewer overflows and junk yards and to

provide sufficient spatial detail in the system. The stations were compatible with previous water
quality studies along the river.

A presiorm sample was collected 34 bours in advance of the storm 1o define the baseline dry
weattier loads. Initially, sampling was set at a higher frequency to ideatify the local stormwater and
ﬁmm;shmm-ommm. A wal of 15 samples were taken for each location
m-:mwmmwwnmmumumauma
m‘),blbm:mydhmt«&enm“mﬂmhwhmmﬁmmm
m@émmuotmmmuwmawwwwhuw
brw‘vmuﬂdm The list of constituents analyzed is given in Table 2.

Three permancat USGS gaging siations located & BWWES, BWW14 sod BWW17 provided
ominiknuﬂovinlomlﬁmhlhem:hd(ﬁm!). Additonal information was derived from
two siastions maintained by the Army Corps of Engincers and stage measurements taken a each
station during each sampling interval. Mummmm.zmloﬂmm:m;
MMWUSOS@UH.

Hm:ﬂwhuﬂdmmh&amﬂthm.wﬂAu

i ing in magnitude as it progr south 0 point D. Major increases in flow associated with

tributaries are seen & points B and C.

Spatial and Temporal Changes

The concentration profiles for cach event are evalusied by station. Some pollutant

d indicating signifs of wet weather loads (ic. TSS, copper and bead)




Table 2. List of Constiiuents for the Wet Weather Program

Parameter Units Detection Methodology Reference
Umit
Dissolved Oxygen mg/L 0.1 DO Probe 1
Temperature deg C 1 DO Probe 1
Condudtivity umhos/cm 10  |Conductivity Meter 1
pH 0.1 pH meter 1
Total Suspended Solids mg/L 0.5 Gravimetric 1
Volatile Suspended Solids mg/L 0.5 |Gravimetric 1
Blochemical Oxygen Demand |mg/L 1 DO Probe 1
Chlonde mg/L § Ornion Probe 1
Dissotved Ammonia v/l 5 Spectrophotometer 1
Dissolved Nitrate ug/L 20 Auto Anatyzer 2
Dissotved Phosphate uglL 20 Auto Analyzer 2
Sodium mg/L 5 Flame AA 3
Calcium mg/L 0.05 |Flame AA 3
Magnesium mg/L 0.05 |Flame AA 3
Zinc ug/l 10 Flame AA 3
Cadmium uglL 0.05 |Graphite AA 3
Chromium ug/ll 02 |Graphite AA 3
Copper ug/L 0.5 Graphite AA 3
Lead ug/l 0.5 Graphite AA 3
Nickel uglL 0.5 |Graphite AA 3
Fecal Coliforms md/100 mL 1 mTEC 4
Enterococci md/100 mL 1 mE 4

AA - Atomic Absorption Spectrophotmeter; 1- APHA, AWWA and WPCF (1989);

2 - MERL (1885); 3 - USEPA (1979); and 4 - APHA AWWA and WPCF (1892)

'

BLACKSTONE RIVER INITIATIVE

—p

woonsocket

<4— MA | RI

STORM Il - Flow (cfs)

WwWTP

Rice City Pond

B3 0100
e | ) 00200

Fisherville Pond

UBWPAD

].um-mu

l" }sm 600
Y o

Jvm() 400
# (00-700

-2()() 300
[

NONOVLONWO T DN ©
——AaNNOO
= - Z W =

mwo-xoo

I 300-900

21

07 08 11 13 17 18 20

06

02

01

Worcester, MA

Pawtucket, RI

WATER QUALITY STATIONS

Figure 3.




while ower poll d d, a result of dilutoa (ic. Ca and Mg). 100 ; T —T—r—r—T . T T ——
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20 F 3
coables the identification of the major wet weather sources. For example, copper concentrations in L 3
10 F 4
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BWWOI and BWWO2 are coatributors and were moaitored. However, no major source was Pigure 4. &:'l:"\t.r.uon Profile at BWWO4 - Lead

identified berween BWWO2 and BWWO4, yet sharp increases of trace metals were observed. The . . y
concentrations transiating further downstream. nhmhnmuotud‘nnmm

mmmmmmmum.motmumhm
mmmm As the river carves channels through the soft sedimeats of the

hnduum»&utuﬁmﬁvmnhnhnmmﬂ.muvﬂmmolmﬂw
trace metal mputs.
It that the wet her observations are supporied by the results of the dry weather

iy

impound. even mod flows cause resuspension.

surveys. Earlier observations related 10 the dry weather data (Phase I), indi d significant i

in metal concentrations due to UBWPAD inputs at BWW02. This was followed by a rapid loss of
Wet Weather Loadings

metals berween BWWO2 and BWWO4. Thcmolmvdilnadarb\nmwbe
Tkv-«quﬂkydnwmmﬂondbvhtmm.n-olmw

either a result of seuling or biological uptake. The reappearance of metals in this reach under wet

vennaumnlikdyamuloldlhamhwwmolbbbgmw. The

curves. Theae have been interpreted 1o define dry ber baseline loads as p ditions and,

for companson, wet weather loads from the integration of the mass curves (Figure 6).
importance of evaluating the system under both dry and wet weather conditions is evident. Clearty,
T’hewavmhamludllorm.ldndcwamwwdhﬁml The net gain
the results of the dry weather survey suggesis UBWPAD is the onginal source. §
or loss of mass by reach can be observed in Figure 8. These fi ures provide a spatial view of the
Additonally, the concentrations decrease at BWWO06 and BWWO7 (Point B). This is due to o .

) river under wet h dits L like that occurring between BWWO! and BWWO4 are
the of poll in the impound above these stations. Below BWWO7, the river enters

. obvious while redy in wet ber mass loadings are d b BWWO4 and BWWUO7.
RnCirwad.SbupminooppambemnBW\VOﬂ(PmmC)ulhePond‘luﬂum
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Wet Weather Loads by Station

Figure 7.




. : \

Poll 1ated weather from ei i
utants 2530C with wet may come from either new sources (runoff induced) or BLACKSTONE RIVER
old sources (river sediments). It is important to note that the former may be easier to coatrol and WET WEATHER INITIATIVE
75
regulate than the lanter. The wet b mp was sep d tmo its new and old sources by ° ' : ) "\;l : b
o - 0.1 ~ y
g the P P with the trace metal mode!, Pawtoxic (Roy Chaudhury 1991; <. L =
50 + = 2|
Roy Chaudhury et al. 1993). Through application of the model for a range of flows, relationships : Mo 0.0 4
s L
were developed for each reach berween net mass transported and flows. Resuspension is then 2 'v_
n N .
estimated from these relationships for the observed flows during each of the wet weather sampling < 25 ]
VL =¥ B o
runs. The gain in the resuspension load b ioas can be deducted from the wet weather load ) ’\’"'7"‘;’4‘\ Y ]
0 ’ . 4 o %.
SR - W SN AN T SR

for an estimation of the new source. Figure 9 illustrates this application for the reach between

BWWO7 and BWWOS. The results of this analysis for TSS, copper and lead Is summarized in Table
75 = T T

-
—

3. With this method, the wet weather loads of Figure 7 may be refined further to provide an estimate

r 4
~ r 4
of the resuspended and runoff loads as shown in Figure 10. Since the relationships are based o net ) [ N.ovember 2-5, 1993 ]
. { s0 |- T Time Zero = 2230, Nov. 2 ]
mass transported, if net setiling occurs within a given reach, a similar procedure can be followed to 3 o Y - 4
the runoff comp = + 4
& - ]
Figure 11 Wustrates the movement of the mass loading of copper 23 a result of the wet weather a 25_' 7
. a [ ]
event. The sharp increases in the Upper Blackstone at BWWO2 aod BWW04 (Point A) occur for © L ]
samples taken between 6 and 36 bours with the peak at hour 6, while at BWW21 (Point B), the 0 L
: -12 0 12 24 36 48 60 72
i are poted b bours 20 and 72, with a peak at hour 20. The progression of the storms 75 . : .
T T T 1 T
impact downstream can be clearly tracked through the hydrograph (Figure 3) and pollutant (Figure 5) L e BWWO?
and the mass loading (Figure 11) curves. o 1 v BWWO7 + Resuspension
8 S0F v BWWO08 5
Figure 11 also supports the partial removal of materials by BWWO7 (See also Figure 8) with } L
s L
increases at BWWOS and BWW11. Further downstream it is evident that partial sertling occurs by < 25L 1
7 o
BWWI3 and BWW17. The 3-dimensional plots also provided the opportunity to view small o E
imaasliktloallnﬁimﬂso{lh:CSOlinWGWWEMBWWII)MIMJ.G [
0 1
and 9. Unlike the impacts on system flows, the tributary contribution to the mass loading appears =12 72
minimum (Figure 7). . HOUR

5 iy Figure 9. PEstimation of Runoff and Resuspension

-18-




- - d N -

Tabie 3. Runoff and Resuspension Loads B BWWU7 and BWWOS.

Consttuent [ BWWO7 [ BWWO8 Loading Between Resuspension Runoff Pollutanis associaied with wet weather may come from either new sources (runoff induced) or
Ibs Ibs BWW07 and BWWO08 Ibs % bs % )
TSS | 21800 | 38300 16700 800 | 617 | 103 | 383 il (e ety 3 ot 0 s 1 A Yoy 5 wesle i commrlmd
Cu a2 | 122 25 15 60 10 40 Sniar:ie conzot
Pb 267 | 49 23 126 | 85 9.7 45 pmpuling i e L, “Thi il ot GOt o saperaiod el maw i ol -

the

o L g y

Roy Chandhury et al. 1993). Through application of the mode! for a range of flows, relaticaships

BLACKSTONE RIVER INITIATIVE were developed for each reach between net mass transported and flows. Resuspension is then
STORM 2 - 11/2/92

with the trace metal model, Pawtoxic (Roy Chaudhury 1991;

estimaied from these relacionships for the observed flows during each of the wet weather sampling

S0 T T .
Wet Weather Loading Between nm.';l'hepininxhe peasion load b ions can be deducied from the wet weather load
15 BWWO7 and BWW08 . y
for an estimation of the pew source. Figure 9 illustrates this application for the reach between
40 | [IT] RUNOFF . .

= RESUSPENSION BWWU(7 and BWWOS. The results of this analysis for TSS, copper and lead is summarized in Table

é 3Sr 7 3 wﬁhmm.m“mmuﬁm7mumm»mnm

Q s

é 30 = ollh;mwuﬂmﬂlodxuminﬁmw. Since the relationships are besed om met

-l

% 25 | N mWUummmnﬁmmﬁ.nmmman

o= S

= estimate the runoff component.

LfJ 20 B A 3

= . Figure 11 illustrazes the movement of the mass loading of copper as a result of the wet weather

5 15k g .

li‘ ) event. The sharp increases in the Upper Blacksione at BWWO02 and BWWO4 (Point A) occur for
10 T samples taken between 6 and 36 bours with the peak at bour 6, while st BWW?2I, the increases are
S ~ poted between hours 20 and 72, with a peak at bour 32. The progression of the storms impact
0 downgream can be clearly tracked through the hydrograph (Figure 3) and pollutant (Figure 5) and the

TSSx1000 COPPER LEAD mass loading (Figure 11) curves.

- Figure 11 also suppors the partial removal of materials by BWWO7 (See also Figure 8) with
Figure 10. :
g increases & BWWO8 and BWWI11. Further downstream it is evident that partial settling occurs by

BWW13 and BWW17. The 3-dimensional plots also provided the opp y 10 view

like localized i of the CSOs in Pawtucket (BWW20 and BWW21) seen at bours 3, 6

sy s

and 9. Udikemcmusoulyumﬂam.lh:mhmymﬁhuionwmcmhdingm

minimum (Figure 7).

=20~




drysuoraeray TTRuUTHY
TRI0) pue sEeN Jeylweyy I9W 7| 2anhid

BLACKSTONE RIVER INITIATIVE
STORM Il - Copper (Ibs/day)

<— MA |RI —p

Rice City Pond Woonsocket
UBWPAD  Fisherville Pond nwie - b
v * + ¢ Iy 020
T s ‘B -:0-30
| g ' [‘_j_mm
M - [ J40-50
[ ié o <l [Zg 5060
| % — B o070
h 32
, 2 b 70 0
s 35 !-80-90
0 oF 02 o4 06 07 .08 .11. .03 17 18 20 21
Worcester, MA Pawtucket, RI
WATER QUALITY STATIONS
Pigure 11.
- 8 F [ § % !
Wel Weather Moss (Ibsx1000) ; E % 4 é g i ,g i 3 E’
oéé‘ééé%érgésl:ifggéi
g T T . i : ¢ i ! - E
! | H (NN
o 1e0 E 1 E : g 2 g é R
B2i e s E Lyt
s 5 2245 Ptsitetle
3 22 | £ Fiee: ; i
* FELE § s E - E 3 i
: BE L pRp PIEERG,
i~ s 5 fog Pl
L& o a E E
“ 8 e g E - E E
& K T 5 g 3 s E
> 1 SRR RS
i 2 g £ g §E 5 @ £
5 S 3 78 E
) SEEERERE
s it IR ERE
SRR NN
L3 k

sy Jujpeor] enowy




A comp ive wet b ing program of an & niver has been successfully

pleted. The progr of sampling a along the river, point sources and
tributaries for three storm events 10 identify and rank sources.
Qn;umm:nvummlorimpmﬁompomm.mmﬂmdmof

bottom sediments 10 water qualiry and water quality based toxic criteria For mitiating and focussing

g | ves, wet ber loadings are d d 10 identify and rank the various
sources. River reaches may also be ranked 1o isolate locations for optimizing the instinution of best
g p for noapot Metbods of determining annual wet weather loadings

In systems such as the Blacksione River, gains and losses of wet weather materials due to

resuspension and seuling are a fu of the existing phrysical artributes of the channel, baseflow and

rainfall ch istics. Design sol w0 dy ad wu ther impacts need to account for
mmuwwhmhs(mm).m_wmmdw

changes 10 the channel. Lmp instituted by waste load allocaricas for dry weather conditions

mmuwummmwmm
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STORMWATER PERMIT PROGRAM
AN INDUSTRIAL EXPERIENCE

P. Charles Beck'
ABSTRACT

The impact of the NPDES stormwater permit program on a Fortune 500
company located in the semi-arid west is discussed. The results of a stormwater
outfall sampling program are presented. Modifications to the facility were made
as a result of the sampling and site inspection program. The problems and
successes of the stormwater permit program from an industrial environmental
manager's perspective are presented. Concerns about the future direction of the
program and economic impact on industry are raised. A balanced cost-versus-
benefit analysis of the program before the enactment of additional regulatory
requirements within the stormwater program is needed. An understanding of the
basin-wide impacts of non-point discharges is needed. Industry must be an active
participant in the development of future stormwater regulations.

INTRODUCTION

The following paper will offer the perspective of a heavily regulated
fortune 500 company located in the semi-arid west. It will address a company's
experiences with the stormwater permit program and briefly discuss some positive
and negative aspects of the current stormwater program. It will also offer
thoughts about the future of the program. The views are those of the author and
do not necessarily represent the those of Coors Brewing Company. i

First some background information for those not familiar with the Coors
Brewing Company. Coors Brewing Company, America's third largest brewer, is
located in the foothills of the Rocky Mountains just west of Denver, Colorado.
The company also has operations in Memphis, TN and Shenandoah Valley, VA.

! Manager, Environmental Engineering, ‘Coors Brewing Company, CE 200,
Golden, Colorado 80401

The Golden plant is the largest single brewery in the world with a plant
brewing capacity of over 20 million barrels of beer per year. To put this in Civil
Engineering terms, this is the equivalent of around 0.0745 cms (2.63 cfs) or 74.5
liters per minute (1,180 gallons per minute)...24 hours per day, 365 days per
year.

The physical plant straddles a river known as Clear Creek, a major
tributary of the South Plante River. Clear Creek is a heavily allocated river
supplying seven major water supply and irrigation canals. The Clear Creek
headwaters are located within the historic mining districts of Central City and
Blackhawk and the Eisenhower Tunnel-Loveland Pass region near [-70. The old
mining districts have been identified as potential CERCLA Superfund sites due to
the extensive mineral production and processing actvities. The area is literally
dotted with old wilings piles, mine shafts and mills. As a result, Clear Creek
suffers from acid mine drainage problems plus other water quality problems
associated with the boom town growth from the revitalization of gambling in the
Central City area.

Water flow in the river is highly seasonal and dependent upon winter
snowpack and rainfall. During a normal year, flow can range from 22.7 cms to
28.3 cms (800 to 1,000 cfs) to less than 1.42 (50 cfs) in parts of the river. This
year the peak flow at the mouth of Clear Creek Canyon was 23.2 cms (820 cfs).
mwmgemuﬂmﬁUmmeGoldmmuamnnnmlyJBOmJSG mm
(13 to 14 inches). z

The brewery has been located in the same area for its entire 120 year
existence. Besides the brewing and packaging facilities, Coors' operations in the
area include three coal-fired power boilers, two waste water treatment plants, a
can manufacturing facility (5 billion cans per year), a can lid or end
manufacturing facility and a glass bottle plant.

Coors' has additional property holdings that include an abandoned landfill
and an operating gravel mine and asphalt batch plant. The gravel mining and
asphalt plant is operated by others.

CURRENT PERMIT STATUS

The NPDES stormwater permit program is a delegated program
administered by the Colorado Department of Health, Water Quality Control
Division. Coors has been issued six general stormwater permits for both Light
and Heavy Industry General Stormwater Discharge activities, The permits cover
approximately 180 outfalls to either Clear Creek or tributary irrigation canals.
Currently the NPDES discharge permit for the waste water treatment plants is a
renewal process with a final draft expected by mid July 1994. The new NPDES
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permit incorporates a complete section on stormwater for the brewing and can
manufacturing plant operations. Coors' will then operate under four general
stormwater permits and the NPDES discharge permit.

SAMPLING PROGRAM
1991 Program.

Along with other major industrial concerns Coors' was caught up in the
initial permitting frenzy in 1991. Coors, by virtue of having one of the largest
ammonia based refrigeration systems in the world, was and still is a 313"
industry or heavy industry. The decision was made to pursue an individual
industrial permit using the *Form F* application.

Coors was well into completing the *Form F* when the decision to issue
general permits was made just weeks before the individual applications were due.
Considenable effort and resources were spent assembling the maps and da
required for the Form F.

Maps and Surface Areas.

Some twenty-five five-size maps have been assembled on CAD using field
data that required some 16 person-weeks to gather. The totl area surveyed
included approximately 300 hectares (742 acres). Two'hundred three (203)
bectares (501 acres) are pervious land which includes railroad staging yards and
equipment staging areas and undeveloped land. There are 72 impervious hectares
(178) acres that includes parking lots, truck aprons and roads. Twenty Five
hectares (63 acres) are under roof. At the time of mapping in 1991 the total
number of outfalls was 182.

Sampling Data.

Form F required sampling all outfalls unless a case could be made to
group essenually idenucal outfalls together under the provision of similar
acuvities and pnysical characteristics. This was done as the cost to sample and
analyze 182 outralls for up to 25 chemical analysis methods was prohibitive. The
182 outfalls were grouped into five major categories and the number of samples
was reduced to twenty-two. The twenty-two outfalls were selected based on
access saiety and on their being represenanve of the industrial actvity in the
area. Both manual sampling and “automatic® sampling techniques were tried.
Manual sampling was the most effective. The automatic samplers did not work
sanisfactorily particularly in collecting composite samples during storms of short
duration. A team of six people was formed to manually sample assigned outfalls.

Sixteen of the twenty-two outfalls were sampled during the summer and
fall of 1991. Both grab and composite samples were obrained and analyzed for up
1o twenty-seven different parameters.

Rainfall was, and still is, measured using a standard tipping bucket rain
gauge connected to a Campbell Scientific daalogger. During the sampling period
of June to October the Golden site received 198 mm (7.8 inches) of rain in S0
storms, Of the 50 storms 28 were greater than the 2.54 mm (0.1 inches) required
for sampling. The maximum storm occurred in August and produced 41.7 mm
(1.64 inches of rain). The maximum rain rate was in June and was 69.3 mm/hr
(2.73 inches/hour).

- The parameters measured included the standard nutrient suite (pH, TSS,
Oﬂ&Gmsc BODS, COD, TKN, Toal P, etc), mesals (Cu, Cd, Pb, Ag, Cr
Zn, Fe) and special organics (600 series).

<;Figures 1 and 2 summarize the results for the grab samples for selected
nutrients and metals during the 1991 sampling. The results for the composite
samples were similar but slightly lower in values. Note that the value scale (y-
axis) for both figures is logarithmic. The value scale for the nutrients is in parts-
per-million (ppm) or mg/l and the value scale for the metals is in parts-per-billion
(ppb):or ug/l. The averages shown are skewed by the maximum values.
Typically the maximum values are for one or two outfalls. For example, the
avengeforBODSxsreducedtoamg/lwhmt\vom;hvaluumnotmduded.

Mezls Di z

 To give some perspective to the numbers for the metals please consider
the following chart (Table I) which compares the numbers with some existing
waten standards. The average stormwater values fall within the requirements for
both bottled and/or drinking water and RCRA Health Based Standards. The
metals values are in some cases above the Warm Class II stream standards as
established by the Colorado Department of Health (CDH).  Given that the data
are for single point samples from different outfalls under different storm
conditions it would not be good practice to draw too many conclusions from this
daa comparison. The data do suggest that additional work would be needed to
fully assess the normal distribution of the data for any given outfall for any given
parameter.
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The review of the sampling data resulted in modifications of several other
METAL Health Based Botiied s Grab Sample | CDM Sweem potential problem areas within the plant. Roof drains on fermenting buildings ere
Std RCRA Water Max Averigy Saadend rerouted from a Clear Creek discharge to the process waste water collection
40CFR260.2 | 21CFR103.3 (WermD @ system. Storm drains in high traffic garage areas were modified to collect up to 2
ug/l 5 vl gl — five year storm event into the sanitary sewer system. Lean-to roof structures
ue! have been installed over waste material collection bins and over above ground
TRON (Fe) NA NA 13.000 2.30 NA fuel storage facilities. Manual valves have been installed on outfalls with a high
CADMIUM s 10+ 1 2 13 pocendial for substance spills.
(Cd)
+ Coors has been under no direct order from a regulatory agency to correct
SOtRcn | NA L m | e s any of the problem outfalls other than the guidance in the general permit. The
CHROMIUM 100 50« 110 3 B4 installation of corrections and modifications have been voluntary and done
(Cn : willingly in the spirit of good corporate citizenship. Coors will continue to make
LEAD (Pb) 15 50 = 40 19 43 minor improvements in the physical plant which will directionally improve the
ZINC (Zn) 7000 5000 6900 920 120 qualiey of socmwaser.
SILVER (Ag) 50 50 = 4.9 33 4 .~ The current sampling program for Coors calls for sampling of ten outfalls
a single time for four parameters (pH, Oil and Grease, TOC and BODS) and for
® —AIlso a drinking water sandard per CDH SCCR1003-1. sampling three additional outfalls twice for the four parameters plus seiected
menals. An estimate of the discharge volume is aiso requested. The requirements
Table 1. Stormwater Mezals Values are for 1994 and 1995 only. This sampling program does not place an undue
) . . burden on Coors. However, it is not clear how this stormwater sampling
Nurrents Discussion, program will address measurable changes in stream quality.
The nutrients show 2 wide range in variation in Figure 2. is typically . The sampling dam is to be included in an annual report to the regulatory
skewed by one or two outfalls with very high values i comparison to the other

4 agency. It has not yet been stated by the regulatory agency how this data is going
dara. For example the average BODS drops from 336 mg/1 to 42 mg/l with to be used in the future. Will the data form a basis for numeric limits or
exclusion of the maximum value of 3190 mg/l. The 42 mg/l value is within the mandatory BMP installation and performance standards. Based on previous
NPDES discharge 7-day average limittion of 45 mg/l. Likewise, the average mm. industry becomes concerned when reporting numbers to a regulatory
suspended solids value drops from 113 mg/l to 41 mg/l which is within the agency about how the data will be used and what future culpability may exist
NPDES 7-day average of 45 mg/l. The oil and grease values are nearly within

from the data.
the NPDES discharge limitaton of 10 mg/l.
Additional C
) Other topics besides sampling within the stormwater permitting program
The outfalls which had unusually high parameter values were examined

are of interest to the industrial community. The current stormwater permit
and modified to reduce the source or sources of the problem. For example, the program is, overall, a reasonable program. There are, however, some other
outfall with the 3190 mg/l BOD5 was near a spent yeast drying facility and issues o be considered about the NPDES Industrial Stormwater Program now
spilled yeast was responsible for the high value. This prompted a review of the that the first phase has been implemented for industry.
storm drains around the yeast drying facility. Modifications were
made to reroute the storm drains to a process waste water drain in the high risk Regulation Burden.
areas around the yeast plant.
Amencan industry, particularly manufacturers, is surrounded by
environmental regulatons. The flow of all significant materials into and out of

8 Beck
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any manufacturing/industrial complex is now controlled in one fashion or
another. Under the Community Right to Know 312/313 program, industry is
required to maintain a mass balance for the listed chemicals at all times.

The stormwater program and its permit requirements are considered to be
either redundant and of a relanvely minor consequence within the industrial
environmental regulaion arena. From the regulatory manager's perspecuve it
overlaps the RCRA, Community Right to Know and the Spill Preventon and
Emergency Response Planning and other programs. This redundancy does create
some unnecessary costs for industry. This cost is carried by industry and
ulumately by the public through higher product prices.

Program Cost.

The cost to prepare either the individual permit application or the
Stormwater Management Plans was much higher than originally estimated by the
EPA. This was aggravated by the switch from the EPA Individual Permit
program to the State General Permit Program. Coors has spent over $250,000 in
the mapping, sampling and administration effort over the last three years. The
EPA esumated cost of $15,000 to $20,000 to complete the individual industrial
permit application was off by a factor of ten. It is not known if the EPA has
developed any figures relatng o the on-going costs of the program in terms of
annual report preparation, sampling and BMP installation. The Coors expgrience
is not unique. In comparing notes with other major industries in the Denver front
range area, Coors' cost was not unusual or out-of-line. Cities may have
experienced similar discrepancies between the EPA cost estimates and the actual
cost of the application and plan preparation.

Poorly Defined Program Goals

The understanding of the Stormwater problem and the long term goals of
the program is limited. The specific lasting effects on the river system from non-
point source runoff have not been widely discussed in the trade literature. - The
benefits of the stormwater program have not been effectively communicated to
industry and the true costs appear to be much higher than original esumates.

The NURP study demonstrated that there were elevated levels of
conaminates in the stormwater over and above stream standards. The study did
not address, in depth, the acute or chronic effects on the receiving waters from
the conaminates onginanng from the urban and industnal environment versus
background levels from non-agricultural land sources.

Because of the lack of a clearly defined problem, the industrial
environmental manager tends to be less than enthusiastic about committing

9 Beck
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resources toward an equally poorly defined solution. Particularly when the
NPDES point source, RCRA waste handling and CAA air emissions programs
are better defined, more visible and supported with very active regulatory staffs.

Lastly the general permits contain inconsistencies in the application of
industrial activity restricions. For example, in the Colorado General Permits
irmgarion reeurn flows are allowed but air conditioning condensate flows are not
allowed. Irrigation flows are often cited as being major sources of suspended
solids, pesticides and phosphates. Fire fighting actvity water is allowed, but
water from the code required hydrant testing is not allowed. The reasons cited
being chiorine levels in the testing water. Building foundation water can be
discharged if it is not conaminated, but no standard is cited for defining
conminaton...is it stream standards, drinking water standards or existing point
source standards.

Successes,

The NPDES Stormwater Program is also successful on several counts.
Although the improvements 1o water quality resulting from the program will not
often be as dramaric as the point source program, but should be positive for
receiving water quality. ' The permit program is raising the awareness of the
effects of outdoor industrial activities on water quality within the industrial
community. i
System Undersianding.

The prepanation of the Stormwater pollution prevention plans required by
both the light and heavy industrial permits have caused the industry to closely
examine its external work activities and the relatonship of those activities with
the physical layout of the facility.

The initial mapping and site inspection activities revealed areas where
simple, inexpensive changes could be made nght away. These areas were
prorinzed and included in the Pollution Prevenuon Plan and in the budget
planning process for the company. If more complex and costly changes are
required in the future then the planning and design process will be facilitated by
the mapping program.

Both the inial and on-going inspection and mapping programs have
identified illicit connections and discharges that were previously either ignored or
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forgouen. For the Coors facility, the most common illicit connections were
groundwater collection systems under and around production buildings and
HVAC condensate drains. The ground water drains were repiped to the waste
water system. As HVAC condensate drains are identified they are rerouted to
the waste water collection system.

Sgill F .

The three-year spill history review called for in the Pollution Prevention
Plan (called the Swamp Plan in our state) placed emphasis on the correction and
modification of areas that had a history of repeated spill events. Coors had
experienced repeated discharges from process roof vents in the beer fermenting
area and periodic spills from the loadout system for waste beer and related
byproducts. In each case the system was modified to reroute the discharges to the
waste water collection system.

In other cases, where the spills are more random and much less frequent
but the activity concentration was high, the drains were equipped with some sort
of valving to control the discharges o the local waters.

Improved Storage Practices,

Material handling and storage practices have been inexpensively modified
to reduce exposure to stormwater. Simple roof structures over material storage
areas and material handling areas have reduced stormwater contact with these
operations.

Scrap material hoppers used to collect segregated construction debris, such
as wood, mild steel, etc., have been either relocated under roof or have had
simple covers installed.

Outdoor housekeeping practices have received renewed interest from the
Environmental Specialists in each operating area thanks to the semi-annual
inspection program. Housekeeping activities as simple as street sweeping are
monitored more closely.

The annual inspection program focuses attention on the activities and site
conditions which would affect the quality of stormwater leaving the property.

Employee Awareness,
The Stormwater program requires employee training. At Coors the

stormwater training program has been incorporated into an existing mandatory
OSHA program. This is given once a year to all Coors Brewing Company
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employees and contract employees working on site. The impact for the
stormwater program from training program is an increased awareness that spills
and careless matenial handling can affect more than just the immediate area. An
unrealized side benefit might be the employee thinking twice before dumping
pesticide wastes or radiator fluid on the street at home and finding an alternate
means of disposal. This is an area where the local municipalities and industry
could work together.

Constructive Regulators,

A final success is the approach taken by the regulators within our state.
They have recognized the inherent limitations and pitfalls that exist within the
regulation. But, more importandy, they have recognized the intent of the current
regulation is pollution prevention. As a result, they have provided a constructive
and positive framework for most industry to work in. The enforcement focus has
been on the recalcitrant industries which make no positive effort to correct overt
problems or industries that could pose a significant risk to the public or are
politically sensitive and highly visible.

FUTURE DIRECTIONS

i ‘What is the future for the Industrial Stormwater Program? The Clean
Water Act Reauthonzaton, which will dictate the future, is in process and the
stanis the stormwater portion of the act is not defined at this point.

Historically, new regulations demand an improvement in the quality of the
regulated media, be it air, water or solid waste controls. It is reasonable to
expect that the new CWA will require improvements in stormwater quality from
both the municipal and industrial sectors of our economy. The timing and level of
improvement is still an open question.

It should be recognized that industry has made significant strides in
improving the overall quality of the environment in this country. The costs for
the improvements have been distributed relatively painlessly throughout the
economy in terms of a2 modest increase in the cost of goods. There is a desire
on the part of many for industry to bear yet a greater portion of the burden of
envirc 1 improv in the foreseeable future....but at what cost?

In the author's view, a point of diminishing returns for the environmental
dollar for industry is very close. The benefit versus the cost ratio is shrinking
rapidly as major pollution problems are solved and ievel of control is ratcheted
down ever tighter.
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The current stormwater regulation is primarily a pollution prevention
program and does not, generally, mandate the installation of major (and
expensive) structural controls for existing industrial facilides. Will the new
stormwater regulations mandate numeric standards to control the quality of
stormwater discharges? Will the new stormwater regulations mandate major
structural changes 10 control the quality of stormwater discharges?

Either case is likely given the current stormwater quality monitoring
requirement for the heavy industry category. The current approach to monitoring
ﬁommemguhmnismni!ixforinfmmnmauymmmemofthe
industry to correct obvious problems under the provisions of the Stormwater
Polluton Prevenuon Plan.

Itisleftmﬂwbwjudgmtofﬂ\emdusuyandreguhmrumwbu.ix
acceptable and what is not accepable. This is a reasonable approach providing
industry is proactive and takes visible action to correct problems.

As the spill control, material handling and housekeeping practices are
implemented within a facility under the current program the major pollutant
components will be reduced and controlled for a relatively small cost. The next
increment of control could involve major modifications to the infrastructure ofa
facility. The resultant incremental cost per kilogram of polluzant controlled could
be quite high.

Basi o

The air pollution arena provides some insight to 2 possible future
program. The artainment or non-artainment status of a regional air basin
determines the level of control required for a discharging indusry. The RACT
(Reasonably Available Control Technology) and LAER (Lowest Achievable
Emission Rate) criteria are used for determining a "reasonable” cost per ton of
pollurant controlled against the local pollutant reduction requirements for the air
basin.

A similar program could be used for stormwater discharges. The
RACf/I.AERapprmchwmddbeusedihmeuvingwnawunonchicvingz
given stream quality criteria within a drainage basin. Based on the quantity and
qmﬁqmmammemmwmmmxmmmm _
requimdihncxjstingfncilityismodiﬁedonnewfacilityisbumwiminapvm
atminment or non-attainment drainage basin.

Ifzfonnofmeairpumitpandjgm'uusedthmavalidandenfqmabl:

algorithm which balances area of the country, individual stream flowand
recovery factors, rain event factors, discharge flow and pollutant concentrations
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against a new stormwater stream standard would be required. All sources,
municipal, industnal and agricultural, contributing to the basin must be included
and the control burden should be prorated on 2 mass/volume basis. This is an
extremely complex problem. Creanve and innovanve solutions will be required.
Water polluant trading between industry, sanitation districts and non-point
dischargers could play an important role in resolving the problem.

The cost and time to then establish and implement an equitable and
enforceable program nation wide will be remendous.  The subsequent
monitoring and enforcement costs o both regulated community and regulators
will also be very high. These costs must be balanced against the economic and
qualiry of life benefits of the program.

Pressure and inflammatory rhetoric could be generated by others to force
a rapid impiementation of numeric standards. Partcularly, if the monitoring data
is taken out of context and used, without a sound scientfic base o develop
unreasonable numerc standards for stormwater. The direction and intentions of
the program could be become lost in a fog of chemophobic emodonalism.

The economic impact of a rapidly implemented program that had a
minimal rational base would be more severe than a thoughtful and well
considered program. It would prove to be extremely costly for industry, the
regulatory community and the country as a whole. A recent editorial (6/13/94)in
the Washington Post called for ®..a careful balancing of costs and benefits..* for
environmental programs.

Industry, through trade organizarions and professional societies, must be
an active parucipant in the development of any future stormwater discharge
smandards. For industry, the creator of value added hard goods and the engine of
the national economy, the costs associated with government regulations and
mandated programs are increasing daily.

The current stormwater program being an integral part of a general
pollution prevention program is successfully reducing the pollutant loading to the
nations rivers and streams. If the United States is to maintin its competitive
position in the world market then a very hard look must be given to the cost
versus the true economic benefit for all new and reauthonzed environmental
programs. Industry must work ciiigently within our political framework toward
the esmblishment of a rational and economically feasible stormwater program for
the country in the future.
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Under the industrial storm water group application monitoring effort,
approximately 3,500 industrial facilines conducted monitoring of their storm
water discharges and submitted this data to EPA Headquaners. This database
represents the most comprehensive collection of industrial storm water data
assembled to date. EPA used the data w0 develop a proposed multi-sector
industrial storm water permit to cover 44,000 industrial facilides. In developing
the permit, EPA used the dama to identify pollutants of coacem for each industnal
sector, to help identify high priority industries for future monitoning under the
terms of the permit, and for selecting the most appropnate pollution prevention
measures and BMPs. Monitoring under the proposed permit is designed as an
incentive for industry to implement more effective storm water pollution
William F. Swietlik', William D. Tate’, Robert Goo’, Eric Burneson* prevention plans.

STRATEGIES FOR USING STORM WATER MONITORING DATA

ABSTRACT: In conclusion, possible future directions for storm water monitoring for
municipal and industrial NPDES storm water discharges are discussed.
This paper discusses monitoring requirements in the National Pollutant
Discharge Elimination System (NPDES) storm water permitting program and INTRODUCTION:
reflects upon what has been learned since November 16, 1990, when the NPDES
storm water program regulations were promulgated. The 1987 amendments to the Clean Water Act added Section 402(p) to the
Act which directed EPA to establish and implement a two phase Nanonal
Pollutant Discharge Elimination System (NPDES) storm water point source
permitting program. To initiate this permitting effort, EPA published regulations
on November 16, 1990 which defined the types of municipal and industrial storm
water discharges that would be regulated under the first phase of the program,
and which laid out specific permit application requirements. Storm water
discharge monitoring requirements were an important part of the permit
In general, for municipalities, the illicit discharge monitoring and outfall application process and will be an important component of NPDES storm water
characterization conducted during the NPDES permit applications have generated permits.
useful data for some municipalities, but in other cases there are clearly ways o
improve upon the purposes for storm water monitoring and the methodologics
employed. The flexibility afforded municipalities and regulatory authorities in
establishing storm water moaitoring requirements under the terms of an NPDES discharges associated with industrial activity. In general, the moaitoring efforts
permit, on a case-by-case basis, ﬂmldmmnuodmmeueﬁnmdeﬂ’ecuve yielded important information for NPDES storm water permit writers as well as
moaitoring efforts in the future, for the permittees.

The monitoring required of regulated municipal separate storm sewer
systems (MS4) and of storm water discharges associated with industrial activity
are summarized. Examples of municipal separate storm sewer system moaitoring
mhumuhmdnlm;mmEPA'swmthmcmmmm;
data reported by industries for the group application process.

Dunngmepamtapphunmmmnnwwnmwnngmmquued
for regulated municipal separate storm sewer systems (MS4s) and storm water

As a result of the monitoring efforts, EPA and the NPDES authorized
States will be able to write tailored storm water discharge permits. Such
information will also enhance dischargers’ ability to target pollutant sources when

'U.S. EPA, Office of Wastewater Management (4203), Storm Water Section, 401

M Street, S.W., Washingtoa, D.C. 20460

7U.S. EPA, Office of Wastewater Management (4203), Storm Water Section, 401

M Street, S.W., Washington, D.C. 20460

*U.S. EPA, Office of Wetlands, Oceans and Watersheds, Non-point Source

Program, 401 M Street, S.W., Washington, D.C. 20460

“Science Applications International Corporation, 7600-A Leesburg Pike, Falls

Church, VA 22043

designing storm waler management programs and pollution preventon plans.
However, a number of other important lessons have also been leamed that should
allow permitting authorities and the regulated community to simplify and
strengthen storm water monitoring in the future.

For example, many of the monitoring efforts conducted during the permit
application process may not provide cost-effective feedback to adjust management
strategies. EPA is looking at ways to improve municipal storm water momtoring
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to be more efficient and to derive the greatest benefits, especially under the terms
of NPDES permits.

In addition, such improvements can be incorporated when the second phase
of the NPDES storm water program is implemented. For storm water permits
issued 10 MS4s, storm water monitoning needs to be carefully planned and
designed to accomplish useful purposes both in the short-term and in the long-
term for the regulated municipality, its citizenry, as well as for the permitting
authority and for national trends monitoring purposes.

On the industrial side, storm water monitoring must be emphasized as a
valuable tool for assessing the effectiveness of an industry’s storm water pollution
prevention plan and for examining possible receiving water impacts. With
reliable storm water dam, an industrial operator should be able to determine if
current pollunon prevention measures are adequate, or if additional measures,
and possibly treatment controls, will be necessary.

BACKGROUND:

The NPDES program provides three major tools for requiring and
collecting monitoring data: permit applications; permit requirements; and
information requests made pursuant to Section 308 of the Clean Water Act.
Pexmnapphanommgmﬂymmﬂmmmnwmhmpmwdel
snapshot of the discharger once every five years. (NPDES storm water permits
are usually issued with a five year term.) Moaitoring data in permit applications
is generally used for the purpose of supporting the issyance of the permit.

Although some monitoring requirements for NPDES permits are established
in national regulations, such as the effluent guidelines, most permit monitoring
requirements are established by permit writers on a permit-by-permit basis. This
provides a great deal of flexibility to tilor monitoring requirements to each
individual discharger. In addition, since permits are written for a five-year term,
they can be used 10 require comprehensive monitoring programs that have the
potential to evaluate discharge trends. Requests for information under Section
308 of the CWA are usually done more on an as necessary basis, and can
provide a mechanism to fill some of the gaps associated with applications and
MOoNiloTing requirements in permits or 1o answer other necessary permitting
questions.

The NPDES program takes two very different approaches to controlling
polluants in storm water discharges. Under one approach, storm water
requirements for industrial facilities are established in permits issued by EPA or
by an authorized NPDES State. The second approach to storm water coatrols is
through the involvement of municipal governments. Under this second approach,
EPA or authorized NPDES States issue permits for discharges from municipal
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separate storm sewer systems which require the municipal permittee to develop
and implement municipal Siorm water management programs.

One of the major differences between the industrial and municipal
approaches is the programmatic flexibility available to develop monitoring
programs. As discussed below, the NPDES program relies heavily on the use of
general permits to authorize storm water discharges associated with industrial
acuvity. In addition, industrial sites may be one of many sites in a watershed, or
within 2 State, that discharges storm water. These factors tend to limit
monitoring efforts to evaluating the nature of storm water discharged from a site
and evaluating the effectiveness of the poliution prevention measures
implemented at the site.

On the other hand, permits for municipal separate storm sewer systems
have a much broader scope which allows consideration of more comprehensive
monitoring approaches. As originally intended, storm water moaitoring during
the term of the NPDES permit for regulated municipal separate storm sewer
systems was (0 be a flexible plan developed by the municipality, and approved by
the permitting authority, to meet-and support the purposes for the monitoring that
the municipality itself identifies as important.

Moaiforing for Municipal Separate Storm Sewer Systams (MS4s):

For municipal separate storm sewer systems (MS4) serving a population
greater than 100,000, monitoring requirements were established as part of a two-
part permit application. For the part 1 permit application, MS4s were required
to report the results of field screening efforts to detect the presence of dry-
weather discharges, e.g., illicit connections or illegal dumping. Visual
observations, including simple colormetric tests, of dry weather flows were used
to assist in identifying illicit connections. These were conducted at up to 500
major storm sewer System outfalls, depending on the size of the municipality.
The part 2 permit application focused on reporting the results of wet-weather
monitoring from representative municipal storm sewer outfalls in a plan approved
by the appropriate permitting authority.

Wet-weather monitoring requirements for the part 2 permit application
included submittal of quantitative data on physical and chemical characteristics of
the discharge tken from at least S to 10 represennatve outfalls during 3 storm
events; estimates of the annual pollutant load and event mean concentration of the
cumulative discharges from all known municipal outfalls, and proposal of a
schedule to provide seasonal loading and event mean concentration estimates for
constituents detected during sampling for each major outfall.

Permits for discharges from municipal separate storm sewer systems will
require the municipal permittee to develop and implement municipal storm water
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management programs which focus on implementing non-traditional coatrol
measures for priority sites and areas. The nature of these programs presents a
number of opportunities that well-designed monitoring programs can support.

Monitoring for Storm Water Discharges Associated with Industrial Activity:

The NPDES regulations provided three different options for industrial
facilities with storm water discharges to apply for permit coverage: individual
applications; group applications; and submirtal of a notice of intent (NOI) to be
covered by a storm water general permit. Each option represents a distinct
approach to collecting monitoring data.

Individual applications for most types of storm water discharges associated
with industrial activity require site-specific narrative information, as well as
- monitoring data from a representative storm event. lnd:vxdualmdustmlpamn
applications required monitoring for;

L] Any pollutant limited in an effluent guideline to which the facility
is subject

L] Any pollutant listed in the facility’s NPDES permit for its process
wastewater (if the facility has an existing NPDES permit)

L] 0&G, pH, BOD,, COD, TSS, total phosphorus, TKN, and nitrate
plus nitrite nitrogen .

L] Any pollutant known or believed to be present [as required in 40
CFR 122.21(g)(7)]

L] Flow measurements or estimates of the flow rate, the total amount

of discharge for the storm events sampled, and the method of
flow measurement or estimation

o The date and duration (in hours) of the storm events sampled,
rainfall measurements or estimates of the storm event (in inches)
which generated the sampled runoff, and the time between the
storm event sampled and the end of the previous measurable
(greater than 0.1 inch rainfall) storm event (in hours). In
addition, individual applications must contain a certification that
all storm water outfalls have been tested or evaluated for the
presence of non-storm water discharges.

The Agency developed the group application process to lessen the
monitoring burden on industrial facilities and to provide a large, nationally
consolidated database of monitoring data from classes of industrial facilities. The
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group application process was intended to encourage similar types of industrial
facilities to participate in one data collection effort, thereby compiling
information on the class of facilities. EPA provided an incenuve for industrial
facilities to participate in a group applicanion by only requiring a small
percentage of the facilities in the group to monitor, provided the facilities were
represcnmative of the members in the group.

® Designated samplers in group applications were required to moaitor for;

- QOil and grease

- Biochemical oxygen demand, S5-day (BODS)

- Chemical oxygen demand (COD)

- Total suspended solids (TSS)

- Total kjeldahl nitrogen (TKN)

- Nitrate plus nitrite nitrogen

- Total phosphorus

- pH

- Any pollutant listed in an effluent guideline to which a facility is
subject

- Any pollutant listed in a process wastewater permit to which the
facility is subject

- Any pollurant from a list of conventional, toxic and hazardous
pollutants that the operator of the facility had reason to believe
would be present in the discharge from the facility.

@ Separate analyses were required for both a grab sample and a flow-
wa;hmdeompomnnmplc. Grab samples, only, were required for oil and
grease and pH.

Over 65,000 industrial facilities representing 1250 groups initially
participated in the group application process. Approximately 3,500 of these
represents the most comprehensive collection of storm water data from industrial
facilities assembled to date.

The Agency is in the process of finalizing an innovative monitoring
approach proposed in the multi-sector industrial storm water general permit based
on the dam received during the group application process. EPA used the data o
identify pollutants of concern for each industrial sector, to help identify high
priority industries for future monitoring under the permit, and for selectng the
most appropriate pollution prevention measures and BMPs. Under the proposed
multi-sector industrial permit, monitoring for the high priority sectors is designed
as an incentive for industry to implement more effective storm water pollution
prevention plans. Under this incentive, if storm water monitoring shows that
pollutant concentrations are below specified levels, the industrial facility no
longes is required to monitor under the permit.
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Most storm water general permits for industry do not require monitoring
dana to be submitted during application for coverage. General permits for storm
water may identify targeted classes of facilities to conduct monitoring as a
condition of the permit. Several factors have helped shape the approaches w0
developing monitoring requirements in permits for storm water discharges
associated with industrial activity, including the large number of facilities that
need to be covered by permits, difficultes in sample collecuon, and variability of
daa.

The NPDES regulations provide that permits for most types of storm water
discharges associated with industrial activity must, at a minimum, require
dischargers to conduct annual site inspections to identify sources of pollutants to
storm water and evaluate pollution prevention measures. This requirement does
not preclude the establishment of additional monitonng requirements on a case-
by-case basis by the permit writer.

The baseline storm water general permit issued by EPA for industrial
activities provide that most types of facilities do not have to conduct monitoring,
but must conduct the annual compliance site evaluation. Under this permit,
priority facilities that are thought to present higher risks have been required to
conduct chemical monitoring of their storm water discharges in additioa to
conducting the annual inspections.

EPA has initially targeted classes of industrial fatilities that need to conduct
storm water monitoring oa the basis of available information and best
professional judgement. Monitoring requirements are intended to belp regulators
and permitiees identify sources of pollution at facilities, evaluate the risk posed
by the storm water discharges, evaluate the effectiveness of control measures and
establish a database to support more applicable and effective permit requirements
in the future.

For any NPDES permittee monitoring their storm water discharge, data
collection procedures described in 40 CFR §122.21(g)(7) are required to be
followed. Analytical methods are required to be conducted in accordance with
40 CFR Part 136.

Under 40 CFR §122.21(g)(7), specific storm event criteria were defined
within which storm water sampling was required to be conducted:

L] The depth of the storm must be greater than 0.1 inch
accumulation
® The storm must be preceded by at least 72 hours of dry weather
7 Swietlik

® ‘Where feasible, the depth of rain and duration of the event should

not vary by more than 50 percent from the average depth and
duration.

These additional technical criteria were esablished to: (1) ensure that
adequate flow would be discharged; (2) allow some build-up of pollutants during
the dry weather intervals; and (3) ensure that the storm would be
*representative,” (i.c., typical for the area in terms of intensity, depth, and
duration).

Collection of samples during a storm event meeting these criteria also
mmuthnthcmﬂnn;dannﬂpwmymmwwdxmuuch
site. . However, the permitting authority was authotized to approve modifications
of this definition, especially for applicants in arid areas where there are few
representative events.

"To support storm water monitoring requirements, EPA published 2 storm
mmmgmmmtmmmwmmwfu
storm water discharge monitoring ().

MUﬁ'ICIPAL STORM WATER MONITORING RESULTS:

:To illustrate potential uses of wet-weather monitoring data in support of
municipal storm water management programs, highlights from the cities of
Austin, TX, and Chariotte, NC and the counties of Santa Clara Valley, CA and
Monigomery County, MD are discussed below. In addition, a brief discussion is
prvwdedoumeuxofmommn;dmmsupponwmnhedphnmngamwmm
the State of Wisconsin. These examples illustrate how storm water moaitoring
hubemputmmmzunmulcvdx. It should be emphasized that these
are not the only approaches that may be adopted. Recent studies using biological
and habimt assessments suggest that there a number of cost-effective techniques
to accurately assess the extent of impacts associated with storm water discharges
(19, 20, 23, 25, 27, 28).

Storm Water Monitoring in Austin, TX:

Austin, TX has maintained a storm water moaitoring program for over 10
years. The purpose of the program is to collect information on the quality of
urban runoff, evaluate the performance of structural controls, and to support the
development of design guidelines for storm water quality coatrols (16). The
impetus for this program was to support efforts at protecting several
environmentally sensitive watersheds. These watersheds serve as a source of
groundwater recharge to the Edwards Aquifer which discharges o Barton Springs
(an important recreation resource) or to two lakes that serve as the primary
drinking water supply for the city. The storm water moanitoring program in these
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watersheds also coincides with the city's most stringent watershed protection
ordinances.’

In a five year summary of results (1984 to 1988), the city monitored at
seven sites corresponding to watersheds or catchments ranging from 3 to 371
acres in size (16)°. The percentage of impervious cover at these sites ranged
from 3% w0 95%. With the exception of the control watershed and a low-density
residentially developed site, all other watersheds or caichments had structural
controls that provided detention and/or filtration.

A separate study of sampling data (17) resulted in 2 number of findings
including:

L] Typically, first flush concentrations were notably higher as
compared to average concentrations from a subsequent series of
sampled runoff intervals;

° Austn’s experience revealed that a majority of pollutants are not
washed away from impervious surfaces during the first 1/2 inch
of runoff. As the amount of impervious surface increases, there
is a generally negative trend in the percent removed in the first
1/2 inch of runoff as the volume of runoff increases; and,

° A significant pollutant loading will continue to exist if stpprm
water controls are designed to oaly treat the first 1/2° of runoff.
The proportion of untreated runoff increases as the percentage of

In addition, analysis of rainfall and sampling data resulted in the .
development of percent annual pollutant loading curves expressed on the basis of
runoff amount and degree of impervious cover. An additional study of
monitoring data (1984 to 1989) yielded estimates of removal efficiencies for
various structural coatrols (18). The study also examined the effects of design
and maintenance on removal efficiency. The results are used as a basis of
maintaining design guidelines for storm water quality coantrol structures (15).

SAustin’s storm water moaitoring program is also augmented by a cooperative
monitoring program with USGS.

*The sites monitored included one undeveloped watershed serving as a coatrol,
four catchments coinciding with either low or medium density residential
development, one high-developed mix between residential and commercial and
one highly developed commercial. Five of the seven sites were substantially
below 100 acres in size.
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Charlotte, NC In-Stream Water Quality Problem Rating Scheme:

The City of Charlotte, NC has developed a stream problem rating system
which is designed to characterize and prioritize stream segments based on a senes
of pollutant parameters believed to reflective of the water quality conditions in
the stream segment (14). More specifically, the City has developed limiting
concentration ranges for a number of indicator pollutants which are segregated
into three action rating levels; No Action, Watch, and Action. In order to
develop a reliable rating system, the City consulted numerous information
sources currently in existence, e.g., NC Sanianon Foundation Index, NC Water
Quality Index, 305(b) reports, and water quality standards for the State of North
Carolina. Specific range limits were established for dissolved oxygen, fecal
coliform, PO,-P, NO,-N, BOD;, total solids, pH, turbidity, lead, and zinc. An
exceedance frequency was then developed for each pollutant which established
the number of times a limiting concentration could be exceeded before a stream
segment was classified by an action level. Using the database capabilities of a
Geographic Information System (GIS), monitoring data were then soried in order
to esmblish an action level for each stream segment.’

The City also developed zn action-level correlation matrix for each
indicator pollutant based on typical pollutant sources or activites. These sources
or acuvities include; construction runoff, sanitary sewers, fertilizer application,
industrial facilities, transportation, illicit connections, agriculture runoff,
wastewater treatment plant discharges, residential runoff, and animal waste. The
matrix can then be used to investigate the most likely source of a problem based
oa the acton level produced for an individual stream segment. The martrix does
not provide sufficient information to exactly determine the problem source(s),
however, the matrix dogs provide a starting point for further investigation.

Santa Clara Vallgy Non-point Source Pollution Control Program:

Santa Clara Valley Water District (SCVWD) is the lead or managing
agency working in cooperation with 14 other California municipalities addressing
issues related to noa-point source pollution control. The purpose of monitoring
focuses largely on collecting data necessary to assess compliance with a copper
waste- load allocation established for the San Francisco Bay (a 304(1) listed
waterbody) and 10 moaitor for pollutants that have caused frequent exceedances
of numeric water quality objectives (WQO) (24).

*Analyns of data from Charlotte's Part 2 Permit Application indicate that for 27
individual stream segments, that the majonty of the monitored stream segments
were rated as either Action or Watch for all indicator pollutants except for total
solids and pH.
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In their FY92-FY93 Annual Report, Santa Clara Valley reported that acute
water quality objectives are frequently exceeded for total copper and total zinc,
and sometimes for total lead. Similarly, chronic water quality objectives are
frequently exceeded for total copper, total zinc, and total lead. The Report
further notes that acute exceedances were not observed for the dissolved metal
concentrations and infrequent chronic exceedances were observed for dissolved
metals. Chemical analyses were performed on flow-weighted composite samples
collected from several in-stream monitoring stations. The results of the toxicity
testing revealed that collected samples were toxic to Ceriodaphnia, however, test
results were variable based on period of the season that samples were collected.

Statistical analysis of the data revealed that long-term trend analysis could
be performed far a number of pollutants at two stream stations (one in the
Guadalupe River and one in Coyote Creek). Conversely, data variability was
observed to be much greater at two other in-stream stations (Calabazas Creek and
Sunnyvale East Channel). The Annual Report noted that statistical methods
would allow for grouping of the data for long-term trend analysis from Calabazas
station with that of Guadalupe River and Coyote Creek stations. However,
extensive channelization in the Sunnyvale East Channel is believed to be a reason
that monitoring data cannot be used with other stations for long-term trend
analysis (24).

In concert with their monitoring strategy, Santa Clara Valley has instituted
a comprehensive source identification program to iderltify potential sources and
land uses suspected of contributing significant amount of toxic metals. For
example, Sana Clara Valley recently completed a study of the contribution of
heavy metals from automotive brake pads (Woodward-Clyde 1994). The results
of this study suggest that brake pads could potentially contribute on average
between 53%, 3%, and 6% of the total annual loads for copper, lead, and zinc,
respectively’. Santa Clara Valley has also instituted a toxicity coatral program
(TCP) in an effort to identify appropriate measures to reduce toxicity.

Montgomery County, MD’s Alternstive Monitoring Strategy:

Montgomery County, MD is a MS4 regulated under Phase I of the NPDES
Storm Water Program. The County is proposing an alternative to the historical
¢mphasis on accumulating chemical and physical water quality data (29). The
County has noted that focusing exclusively on traditional monitoring approaches,
i.e., chemical-specific monitoring, is not necessarily the most appropriate means
for accurately assessing impacts associated with storm water. In particular, the
County recognizes that the effects of storm water discharges are cumulative in

‘Estimates for copper ranged from approximately 19% to 75% of the total annual
load to South San Francisco Bay. Similarly, the range for lead and zinc were
estimated 1o be approximately between 1% to 4% and 2% to 9%, respectively.
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nature (e.g., anthropogenic earichment of streambed sediments, degradation of
aqmnchabm&.andlouofbenthosmdﬁshwudxmty)mdmbe
exclusively attributed to urban runoff quality alone. Consequently, the County is
proposing to use bioassessment techniques, complemented with physical and
stream habitat assessments.

The County's strategy includes the collection of baseline data necessary for
the development of biological water quality criteria and envisions the eventual
development of aquatic life use classes that contain biological, chemical, and
physical attainment criteria. This approach is expected to provide the basis of
conducting long term trend assessments of receiving water quality (29).

For example, the County suggests that the degree of impairment could be
plotted along the entire reach of a stream segment, similar to an approach
currently in practice by Ohio EPA. Those areas which indicate significant
impairment would be specifically targeted for further investigation and would
also serve as a basis of documenting management program effectiveness. The
County's proposed monitoring program is intended to reflect the movement
mrdshohsncapprudubmymprm

e~

Wisconsin DNR Priority Watershed Planning:

In recent years, numerous States and municipalities have instituted
wmpﬂmnwnuﬁdphnnm;mﬁrmmmgmL
Wisconsin DNR has established 4 watershed approach as part of its Priority
Watershed Planning Program (21). The program coasists of three major
components; a priority watershed plan, an engineering feasibility study, and an
xmplunmnnonphuc.

There are a number of elements contained within the priority watershed
plan, they include:

a Identification of Current and Desired Beneflcial Uses: This
element includes results of fish and benthos surveys that quantify
existing levels of use. Other habitat surveys may also be
included.

b. Problem Evaluation: This element includes evaluation of
problems c1at are coatributing to impairment of the water resource
and, therefore, prevenung the amainment of designated uses.
Evaluations have included habitat and streambank inventories to
determine the suitability of resources to support different aquaric
life beneficial uses. This information in conjunction with
fish/benthos surveys can then be used to determine the extent of
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impairment and to identify possible sources contributing to the
impairment’.

C: Sources of Problems: This element addresses specific problem
sources that are believed to be contributing to receiving water
impairment. A distinct aspect of this element of the program is
its extensive use of the Source Loading and Management Model
(Pirt 1991). Unlike many other urban runoff models in practice,
SLAMM was specifically designed as a planning tool for storm
water quality management and did not originate as a flood control
planning and design tool.

Since storm water impacts are principally cumulative in nature, SLAMM
daa inputs focus on watershed and land use development characteristics.
Consequently, SLAMM is intended to provide information on the significance of
different sources, control measures, and drainage characteristics on urban runoff
quality™.

d. Identification and Evaluation of Suitable Source Ares,
Drainage System, Outfall, and Recelving Water Controls:
Once problem sources (polluants and flows) have been identified,
this element focuses on the selection of different control -
strategies. In particular, selecting the individual or mix of
coatrols effective in removing the types of pollutants found, e.g.,
particulate v3. dissolved metals. SLAMM model output includes
pollutant concentrations (particulate & dissolved), flow, and
estimate control costs on an areal basis. .

e Selection of Urban Runoff Control and Habitat Improvement
Program: In this element, the most effective control strategy is
sclected afier considering other programmatic factors including
cost.

*For example, the inability of urban resources to meet their designated uses was
frequently atributed to periodic flooding and poor water quality. The results of
these cvaluations could lead to the adoption of goals w reduce streambank
erosion, including establishing flow reductions in order to prevent flushing of
spawning arcas and protection of fish refuge areas (22).

°SLAMM represents a tradeoff between the cost of extensive data collection and
providing information to support planning level decision-making. It also provides
an opportunity to quickly consider the costs and benefits of many different
control strategies. The development of SLAMM's specifically focuses on the
hydrological characteristics of frequent small storm events which are critical in
storm water quality investigations (21, 22).

13 Swietlik

The second major component of the Wisconsin Priority Watershed Planning
program is the engineering feasibility analysis which follows the completion of
the watershed plan. Since, the watershed plan is structured around general land
use categones, the engineering feasibility analysis allows for consideration of site
specific conditions within a particular watershed or basin that may limit or
prohibit the use of control strategies identified in the watershed plan.

a Site Specific Area Availability, and Groundwater and
Infiltration Conditions: This element considers potential options
for locating controls, including retrofit opporunities. Other
considerations include identification of sites to promote infiltration
provided infiltration rates and groundwater conditions sarisfy

b. Flooding and Drainage Benefits of Water Quality Controls:
SLAMM cannot be used to perform hydraulic analyses, therefore
drainage or local flooding conditions may be required to
determine the potential benefits of selecting locations for storm
water quality controls.

The final component of the planning process is the implementation phase
which entails the development of a cost-sharing agreement. Using information
from the previous planning sieps, the agreement specifically identifies types of
cost-gharable projects that may eligible for matching State funds.

EPA also reviewed available sampling data and information from 23
municipal part 2 permit applications located throughout the U.S. The purpose of
this review was (o obtain a greater appreciation of the efforts involved in
collecting storm water sampling data and to gain some insights on the results. Of
these 23 municipalities, at least 14 provided some sampling data which could be
used for further analysis. Due 10 the substantial differences in the amount of
sampling data between municipalities and gaps in dam, this paper does not
wunpuodnwcmdu:iomaboulmnomjumdswimrupeammepouumt
concentration values. However, sufficient information was available from permit
applications, to support some general observations:

L Residential and commercial areas represented an estimated 31 %
and 27% of sites sampled, respectively'’;

L] Approximately 96% of the sampled sites corresponded 1o a single
land use classification;

"'Information on land use type was provided for 36 sampling sites.
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. mmhnmofmcamhmmummmnmpldm
esumated at 47 acres and ranged in size from 8 to 2,252 acrest,

° The median value for sampled watershed impervious area was
estimated at 47%.

L] The average number of sampled sites was estimated to be 6, and

ranged from 3 to 10.

L] The median and average number of sampled storm events was
esumated to be 7 and 12, respectively. An estimated 80% of the
municipalities sampled more than the minimum 3 representative
cvents required. Approximately 47% sampled more than 10
storm events.

L] Approximately 8 municipalities reported that storm event
charactenstics were consistent with EPA criteria or satisfied
modifications in the criteria by State permitting authorities. Most
municipalities reported difficulties with stan-stop events, meeting
the 72 hours of dry-weather, and/or achieving a total rainfall
accumulation greater than 0.1 inch.

RESULTS OF GROUP APPLICATION MONITORING:

mdixhu;edancouectedund:rtheNPDBSmeGm
Appﬁanonmupathsmehrmmdmoammﬂmﬁvem
storm water discharge data set compiled to date. The data set includes the
monitoring results from approximately 3,500 industrial facilities which were
sdcctedutqnumtaﬂveoflhdrhnerindumym. The data includes
results collected from a wide variety of industrial activities. It includes data
submitted by manufacturing facilities with little exposure of activities to storm
water such as electronic manufacturing facilities to facilities with high degrees of
exposure such as scrap recycling facilities. Table | lists the sectors of industrial
activides for which data was received and analyzed.

Limitations of the Group Application Data:
There are, however, a number of limitations to the data set which should be

considered when analyzing and reviewing the data. The following paragraphs
describe some of these limitations.

"This does not include several watersheds monitored by USGS which ranged in
size from 4,032 acres (6.3 sq. mi) to 74,240 (22.3 sq. mi.).
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TABLE 1

INDUSTRIAL SECTORS/GROUP APPLICATIONS

ACTIVITIES REPRESENTED

Timber and Wood Products

Paper and Allied Products

Chemicals and Allied Products

Lubricants and Asphalt Products

Stone, Clay, Glass and Concrete Products

Primarv Metal Industries

Ore Mining and Dressing

Coal Mining

Oil and Gas Extraction

gcmqouuuu~§
=

Mineral Mining and Dressing

—
—

Hazardous Waste Treatment Storage or Disposal Facilities

—
[ S ]

Industnal Landfills, Land Application Sites and Open Dumps

Used Motor Vehicle Parts

Scrap and Waste Materials

Steam Electric Power Generating Facilities

Railroad Transportation Vehicle Maintenance Areas

Vehicle Maintenance Areas at Truck Terminals, Bus Terminals,
Bulk Petroleum Stations, and Postal Service Facilities

18

Water Transportation Vehicle Maintenance Areas

19

Ship Building and Repairing, and Boat Building and Repairing

Air Transportation Vehicle Maintenance Areas

Domestic Wastewater Treatment Plants

Food and Kindred Products, and Tobacco Products

Textile Mill Products, and Apparel and Other Fabric Products

RIRIBIN[E

Furniture and Fixtures

26

Printing Publishing and Allied Industries

Rubber and Misc. Plastic Products

28

Leather and Leather Products

29

Fabricated Metal Products

Industrial and Commercial Machinery, and Transportation
Equipment

31

Electronic and other Electrical Equipment and Components,

Measuring, Analyzing, and Controlling Instruments;
Photographic andvg:uw Goods; Watches and Clocks
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Monitoring Facllities Were Not Selected Randomly:

The facilides which were designated as samplers in the group application
process were not selected at random. The group application requirements
established a number of cniteria which the montonng sub-group was required to
sansfy. These critena, which are described in the previous section, were
designed to ensure geographic distribution, and representation of the various
npuﬁammmlsmdmmmﬂmm;unmtm. EPA required a group
to sansfy these cntena pnor o approving Part 1 of the applicanon. EPA did not
require the groups to randomly select their facilities, therefore once the
applicanion cntena were . 2 group organizer had discretion in the
sdecnonfzuhncswbemutomd.

Monitoring and Analyses Were Typically Performed for Only One
Storm Event:

The regulations require facilities to submit analytical results for samples
collected from one representative storm event (see the previous section for a
discussion of the tanve storm event requirements). A significant
majonty of the facilities limited their monitoring (o one storm event, therefore
the data does not reflect any variation in concentration that may occur at a
facility from storm event to storm event.

Only Half of the Designated Samplers Are Included in the Data:

There were over 6,800 designated sam la'sfmmthenppmvedm
applications, however, only about 3,500 of facilities submitted by the
dadhnaforEPAmmponmmmdanmmmcMyu: The remaining
facilities were not able to meet the applicanon deadline annlyduetnalackof
representative storm events dunng the ume frame in which they intended w0
sample.

Monitoring and Analyses Were Performed by the Permit Applicants:

All data were submitted to EPA by the permit applicants. None of the
monitoring or analyses were performed by the Agency. Applicants were
to collect samples in accordance with the regulations under 40 CFR Pan |
and analyses were required to be performed in accordance with approved
methods under 40 CFR Part 136.

Permit Applicants Determined If They Were Required to Sample for a
Portion of the Pollutants:

Within part VILC of the Storm Water Permit Application form 2F there are
anumbaofpoﬂuunuwhwhmzpphmlnmqmmdloaamplenfhcorshe
"'knows or has reason o '... are present in an effluent based on an
evaluation of the expected use, production, or storage of the pollutant or an any
previous analyses for the pollutant. ®

Analyses of the Group Application Monhorlng Data:
Group application monitoring data were entered into a data base for

analyses. Applicant's monitonng data were categorized into one of 31 industry
sectors (See Table 1). Categorizanon was based upon the Standard Industrial
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Classification (SIC) code of the facility when provided, or upon the narrative
description of the industrial acuvities at the facility when an SIC code was not
included in the application. Data within each sector was analyzed separately.

Prior to analyses, units for each of the pollutant dara values were
standardized to mg/L (except pH, fecal coliform and several other pollutants not
measured in mg/L). Pollutant values reported as below detection Limit, or not
detected were assigned a concentration of 0.0 mg/L for the statistical analyses.

Analyses of the data were performed using the UNIVARIATE procedure of
SAS (SAS is a sunstical analyses software package developed by the SAS
Institute). For each pollutant sampled at least once within each sector, the
following statistics were calculated:

Total Number of Observations, -
Total Number of Non-Detects Reported,
Total Number of Detects Reported,
Mean Concentration,
Standard Deviation,
Minimum Concenmnon,
Maximum Concentration,
Median Concentration (the concentration which was greater than half of the
values reported),
%mmmmm(wmmﬁmwhﬂmmm%
gg‘:u\l of the values reported), and

Percentile Concentration (the concentration which was greater than 99
percent of the valugs reported).

Sumamcalcuhn:isepuamly for the grab samples and for the flow
mom glu. Tables 2 and 3 present a portion of the results of the
Table 2 lists median pollutant concentration of the grab samples for
select polhmnu Table 3 lists median pollutant concentrations of flow
composite samples for select pollutants.

Use of the Group Application Data in Permit Development:

mmuuofmeﬁmlpapphmmdanlnalynmunlxmdbyme
permit writers to targeted pollution prevennoa plan requirements and to
select industries and utants for further monitoring.

Permit writers utilized the monitoring data to identfy pollutants which are
likely to be present in high concentrations for an industry sector. They then
identified the potential sources of the pollutants and selected pollution prevention
measures or structural coatrols which could be pracucably implemented or
installed at an industrial faciliry.

Development of Permit Monitoring Requirements:

The selection of industry sectors for monitoring under the terms of the
permit was based in part the results of the group application morutoning
data. Discharges from the following industries were identified as requining
analytical monitoring as a result of the priontzanon analysis: facilines engaged
in wood preserving or wood surface treatment, chunmlmdalhcdm
manufacturing facilities, concrete and clay products manufactunng tes,
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Table 2 - Median Pollutant Concentrations (mg/) Table 3 - Median Pollutant Concentrations (mg/T) in Flow Proportional
in Grab Samples of Industrial Storm Water Discharges Composite Sampies of Industrial Storm Water Discharges
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primary metals facilities, ore mining and dressing facilities, landfills and land
application sites, scrap and waste material processing and g facilities,
steam electric generaung facilines, ship and boat building repair yards, waste
water treatment works, food and kindred products facilites, luxhuunnin and
finishing facilities, and fabncated metal products facilines.

Observations Derived from the Group Application Data:

1000000

Despite the limitations discussed, the data collected through the NPDES
storm water group applicanon process contains a great deal of information
regarding the quality of storm water discharges associated with industrial activi ?
The following two examples are illustranve of this given the analyses perfo =
to date.

T T Ty
'
i1 s aiud

100000

vl

The concentration of pollutants in storm water discharges varies widely
among (acilities within an industry sector and between the different industry
sectors. A number of factors influence the concentration of pollutants in storm
water discharges associated with industrial activites, including: the amount and
typmofmamruhexpoaedmmnnnmmenmmundinmtyofnmhu;

of best management practices employed at a facility. Given the
numbao factors influencing pollutant concentranons, and the wide variation in
conditions at the facilities conducting sampling, it is not a surprise that di
cammauofpoﬂunnumﬁmpwm Figures | and 2 illustrate this
variation for total suspended so! (TSS) concentrations in storm water
discharges. Figure 1 is a plot of the cumulative distnbution of TSS
concentrations in discharges from all industry sectors. Figure 2 is a plot of the
cumulative TSS concentranon distribution for discharges only from scrap
recycling facilities.
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The highest pollutant concentrations were generally found at industries
with the most industrial activity exposed to storm water. While indusgrial
actvity is not the only factor that influences the presence of pollutants in storm
water, the data do show that there are generally higher concentrations of
pollutants found in storm water discharges from facilities where the majority of
acuwuampafomwdwxdoonuopgmnﬂwhahmvhaemmyxmﬂly

Elhceuwoon Figures 3, 4 and 5 compare the levels of pollutants from

exposure industries (ore mining and dressing, industrial landfills and

sazprecydm;fzmhnu)lommbwcxpowmmdm(ﬁummmdﬁmm
manufacturing, printing and publishing, and electronic equipment and insgument
manufacturing). Figure 3 compares median concentrations for three conventonal
pollutanu. Figure 4 compares median concentrations for nutrients and Figure 5
compares median concentrations of metals.
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Figure 2. Cumulative Frequency Distribution of TSS Concentrations
In Storm Water Discharges From Scrap Recycling Facilities
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MONITORING NEEDS IN THE FUTURE:
Municipal Storm Water Monitoring:
Revision of Municipal Application Requirements:

The existing NPDES permit application requirements for discharges from
municipal separate storm sewer systems serving a population of 100,000 or more
were designed 10 provide information for first round permits. A major goal of
these applications was to provide an initial descnipdon of the system and its
discharges. The application used 2 number of sources of information to address
this goal, including narranve descriptions of land use, rainfall dam, site
.inspections of selected outfalls to screen for problems associated with non-storm
water discharges and limited discharge monitoring data. As municipal storm
water programs evolve, issues such as program effectiveness and identification of
specific water t}uahty problems become more important so that limited resources
can be more effecuvely targeted to address these problems.

In addition, site-specific requirements for monitoring programs will give
individual rnumupalm: direction to their monitoring efforts. These factors will
change the monitoring requirements in future municipal storm water permit
applications. This ‘;cmemphammymmmamﬂfmmdm:ham
monitoring to the use of alternative monutoring tools such as environmental
indicators.

For many types of municipal storm water controls, municipalities will be
required to identify priorities for implementation. Priorities for implementing
controls will be based on a number of factors, including the potential for
discharges to cause or contribute to water quality impacts, the nature of the
discharge, and the effectiveness of potential management measures, the
geographic location of the municipality, the size and type of receiving water body
and the resources available to the municipality. Providing useful informatioa to
evaluate these factors should be a major consideration in the development of
monitonng requirements in permits for municipal separate storm sewer systems
(MS4s).

In addition, application mquir:meau must be developed for any additional
“Phase II* municipal separate stems that are brought under the
NPDES program in the future. One goal the NPDES program for municipal
xpanmswmmsymmmubewmglymmgemumupahmlonb
regional and watershed approaches that involve interaction and coordination
amongst municipalities. One critical programmatc step that can be taken to
encourage regional/watershed approaches is to synchronize the resubmitzal of
applicanoas for municipal separate smr:p systems currently sub]ect to the
program with the first time submittal of applications for mnound:nnﬁ “suburban®
Phase [I municipalities. Failure to synchronize these submittals greatly
decrease opportunities for municipalities to coordinate storm water moaitoning
cfforts, and may result in independent, uncoordinated efforts by individual
municipalities.

Use of Biological Assessment Methods:

Given the complex nature of storm water impacts and attempts to put issues
associated with urban runoff quality in the proper context with other runoff
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related problems (e.g., flooding, aquatic habitat degradation, and sediment
qmchmmt).mcywvudm;mmmcepuonumemndwfoc\uuduavdyon

Despite the emphasis in the permit application on pollution prevention and
identifying potential pollutant sources, it is important to be aware of the
significance of other contributing sources. More specifically, practices which
produce excessive amounts of runoff, frequently result in substantial alterations to
aquatic habitat, e.g., streambank erosion, streambed instabili louofmfu;e
areas, mmpogauc-ennd\m( of bed sediments, flushing ol
life forms, and siltation of spawning areas. Anmmplefmmtthm:ofOtuo
illustrates this point.

Lessons from Ohio’s Ecological Assessment Program:

. Ohio recently adopted numeric biological criteria for its State Water Quality
Snndmh(WQS) A comparison between measured biological impairment and

chemical water quality criteria exceedance frequency revealed that biological
mhmmlmwﬂmlmnaﬂy”%ofnundqmwbcunombum
chemmical water quality criteria exceedances occurred (27). This result could

suggest that chemical water quality criteria are not stringent enough, however,
Ohio-observed that in cases where only biological impairment was observed, the
aumohmpmmm(.pnnupnuylowdnnlvedoxy;w ennichment,
habitat alteration, and siltation, are not directly measured by chemical specific
moaitoring, wlmthccxeepuonofbwdunlvedounm

«Chemical causes of impairment were observed in 30.7% of assessed
segments. However, the ability to detect chemical exceedances is heavily
dependent on other factors such as adequate sampling frequency and the selection
of moaitoring parameters. More importantly, bowever, Ohio's experience
underscores that both chemical and non-chemical causes can simultaneously
mmmmbwlopalmwmtwhunmlymdmxmxbw
techniques (27, 28).

Umhtlom of Chemical-Specific Monitoring:

As noted above, a prevailing misconception is that moaitoring requirements
during the permit term must focus exclusively on chemical-specific moaitoring.
Chemucal-specific moaitoring does not necessarily result in a good representanon
of receiving water impacts due to storm water discharges. unhamon relying
Fxmnvﬁymdmnlmﬁcmmngdanu:hmofpnmm;mc
investment of resources could lead to inadequate coverage of other areas that are
greater sources of receiving water impairments. Numerous papers oa this subject
have noted the growing trend to use other techniques (e.g., bicassessments,
habitat evaluations, and sediment analysis) for assesung receiving water impacts
(19, 20, 23, 25, 27, 28).

Monitoring During the Permit Term:
The regulations, nu\cyapplymmxmngdunn;dmpamnm do not
specifically require MS4s to perform chemical-specific monitoring only. The

regulations provide flexibility to 2 MS4 to design a monitoring program 1o
support the objectives of their storm water management program. However,
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MS4s should take into consideration three significant factors when designing a
monitonng program:

1. Complying with the statutory provision that effectively prohibits
non-storm water discharges Inlo Slorm scwers;

[

Information to support a determination that pollutants are being
reduced to the maximum extent practicable; and

3. Information to support a determination as to whether discharges
from MS4s are or are not armaining applicable State water quality
standards.

The implications of each of these points are discussed below.
Non-storm Water Discharges:

The stamtory provision regarding the effective ibition on noa-storm
water discharges w storm sewers is fairly specific. A expects that field
mngfmﬂhmlwxmcumsanddlepldummn;vﬂlcmnnudmmzmc

permit term as a momtoring condition. However, it is also expected that MS4s
wuluscmcnmuuofprcvwmn;eﬁomloembmhlmgmptmm:
based on some ranking critena, e.g., Proximity to sensitive receiving
waters, extent o duecuyoormeandxmpuvnum.unofnwmmnhm
industrial manufactunng, age of system, potential formﬂowfmmnmnry
sewers, and evidence of past problems.

Achieving the Maximum Extent Practicable Standard:

Monitoring programs can provide information to support a determination
mnthcnnrmwammmagcnmxpmgnmumduanglheamoumofpwumw

mcmnmumalaufpxmnblc. MS43 may elect to conduct long-term trend
analysis as a basis ol mppomnganmnu pollutant are in fact being
reduced. However, methods other than chemical-specific monitoring may be
used as a basis of meeting the MEP standard.

MS4s may t0 use other alternative momlonngammem 2
techniques, ¢.g., bioassessments, habitat evaluations, sediment quality analysis,
etc, to demonstrate long term trends. EPA recognizes that in many instances,
MS4s do not possess the in-house expertise t0 perform such assessments.
However, a number of States are aiready performing such assessments and may
bcmdy:oumcofmfonnmm

Somcfzamsmn:lwuldbeconndaadmwvwbdmcmopungm
alternative monutoring approach include:

L The type of assessment technique to employ, €.g., narrative
biocassessment vs. mulnmetr.cmdxcumchuthelndaof&ooc
Integrity (IBI) or Invertebrate Commumty Index (ICI);

L] Current State regulations and practices;
L] The extent to which basins or watersheds are impacted by other
Sressors;
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° Availability of applicable technical and scientific expertise;
o Limitations of assessment techniques;

© Experience of in-house personnel; and,

° Cost.

From the perspective of 2 MS4, cost of monitoring will be an important
concern.  However, expenences from Ohio's ecological assessment program
reveal that the cost of using bioassessment techmques 13 very compentive with
chemical-specific monitoring.

Attainment of Water Quality Standards:

The ability of storm water discharges from MS4s to meet licable State
water quality standards remains an important issue but is required under the
current statutory framework. Numerous organizations and municipalities have
asserted that such a goal is neither realistic or achievable because of the unique
aspects of storm water discharges, while others maintain current water quality
standards are not applicable to wet weather discharges. This is 2 complex issue
and more complete answers will require further investgation. Given the
cumulative effects of storm water 3 on receiving water quality and the
ugnificance of other factors such as runoff quantty, habitat almnons geology,
and hydromodifications, future storm water moaitonng programs will likely
evolve from an emphasis on chemical-specific monitonng alone, to one that more
fully integrates other methods such as the use of environmental indicators.

Industrial Storm Water Monitoring:
Evaluating Effectiveness of General Permits for Industrial Facilities:

NPDES permits for storm water discharges associated with industrial
activity are unlike NPDES permits for traditional sources such as sewage
treatment plants and industal process wastewaters in that they generally do not
rely on the use of numeric effluent limiations. Rather, most NPDES ts for
storm water discharges associated with industrial acuvity have req the
implementation of pollution prevention measures and best management practices
(BMPs). While the pollution prevention/BMP approach has a number of
mmancadmugu.amjmdmdmngcofMapprmchumnn

more difficult jo evaluate the effectuveness of the permit requirements.

Enamn;mnpouunmpwvmumphmmcﬁecuve:huudbeakryob)ecnveof
industrial storm waler monitonng.

EPA is currently reviewing a number of methods o evaluate the
effectiveness of permit requirements for storm water discharges associated with
industrial activity and storm water monitoring results may play an impormant part
in this effort. These include identifying measures, such as the number of
industrial faciliies that have obtained permit coverage and that have
pollution prevenuon plans to control thar storm water, reviewing sder:tpoﬂunon
prevention plans to extract unique, innovative and creative techniques for storm
water control, conducting llun:n_‘xwennon plan audits of certan high prionty
facilites, workang with industry associations and other groups to lnitanve
cooperative effarts 10 assess the effectiveness of permuts for industmal storm
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water, implementing environmental indicators, and ibly collecting and
analyzing trends in storm water monitoring results for industrial dischargers
across the country,

As more NPDES permitting is conducted on a watershed basis, monitoring
of industnal storm water discharges will be necessary for developing State
watershed strategies, identifying high prionty sources within watersheds and for
calculanng wasteload allocanons for permitting purposes.

"SUMMARY:

Due to the nature of storm water impacts, it is expected that municipal
storm water monitonng programs will evolve over time as MS4s gain greater
familianry with site-specific storm water problems. Given that many MS4s are
dealing with issues of storm water quality for the first time, monitoring programs
can be expected to inmdreotgﬂ;mtyumNPDBmmpamim;
can allow for this flexibility. EPA recognizes that cost of moaitoring will
also be a significant factor, however, EPA encourages MS4s to design
monitoring programs that yield useful information to support their storm water
management program. To accomplish this, municipal storm water monitoring
efforts must be carefully designed with a specific programmatic purpose in mind,
and then the most appropriate monitoring tools should be selected to meet this
purpose.

_Municipal storm water monitoring programs can be designed to support
specific goals, including:

° a;u:ﬁ_fying/cvunﬁn; pollutant levels of discharges from areas
sites;
LJ Evaluanng hydraulic conditions; )
L] Charactenizing the performance of specific controls and providing
information to support site-specific BMP designs;

Evaluating the overall effectiveness of a storm water management

program;
Identifying water quality impacts and/or trends in water quality;
Estimanng/refining estimates of pollutant loadings;

Supporting watershed ion/planning efforts; and,
Supporting physical, chemical and biological assessments of
recaving waters.

‘With the initial implementation of NPDES requirements for storm water, a
number of key questions and issues have ansen in relatioanship to the purpose and
methods for monitoring. Underlying these questions and issues is the central
goal of trying to find the appropnate mix of monitoring tools to get information
mamdmmmmammnw‘rmpthPDESmm

. Monitorin oped under the NPDES storm water
program should consider a broad set of momitoring tools, including environmental
indicators. This is partcularly true due to the intermittent nature of storm water
discharges; the significant vanability of pollutants in storm water; and the
difficulues in correlanng end-of-pipe storm water discharge data directly to water
quality impacts and benefits.

EPA anticipates that a2 number of monitoring approaches will play a part in
municipal storm water monitonng strategies in the future, including: discharge
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monitoring for chemical-specific parameters or toxicity, biosurveys,
Hmmn.hﬁmmmmmu.ndm

impacts
the effectiveness of the water pollution can be
assessed by tracking d:dnrgu_'m_ p:umemrmmimmnﬂm y, where
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POLICY AND INSTITUTIONAL ISSURS OF NPDES MONITORING:

LOCAL NUNICIPAL PERSPECTIVES OF STORMWATER MONITORING

Doug Harrison'

Abstract

This presentation reviews the stormwater program
mandate imposed on local agencies, the role of monitoring
in the mandate, deficiencies which can be expected in the
monitoring results and the impact of these deficiencies

on the administration of local stormwater NPDES permit

programs.
Introduction

There was a time in the recent past when, as a
stormwater agency administrator I was looking forward to
the monitoring programs required by the stormwater NPDES
permit regulations. Frustrated by the obligation to
implement a water quality control program and to comply
with pre-existing unrelated standards without benefit of
supporting data, the pendency of a structured progrnm of
scientific measurement was encouraging.

Implementation of the mandated stormwater monitoring
programs through the NPDES permits promised lp in
defining the physical and chemical character of urban

stormwater. In addition, these monitoring efforts
promised the ability to identify the long-term changes
produced by the stormwater permit programs.

Unfortunately, the optimism generated by anticiparion of
solid stormwater quality data is rapidly deteriorating.

!General Manager/Secretary, Fresno Metropolitan Flood Control District
5469 E. Olive Avenue, Fresno CA 913726
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On the basis of an increasing body of work, it seems
clear stormwater cannot, within the limits of existing
resources, be characterized sufficiently accurately to
determine the appropriateness or effectiveness of the
stormwater quality controls local agencies are required
to implement. Paradoxically, it is likely monitoring
activities will divert .critical funding away from
activities which could actually improve stormwater
quality.

The Stormwater Quality Mandate

The Congress, in enacting the Water Quality Act of
1987 attempted to clarify the stormwater obligations
created by the Clean Water Act. In short, Congress
imposed two basic mandates on municipalities that owned
and operated stormwater systems.

15 " . . . effectively prohibit non-stormwater
discharges into the storm sewers"; and

25 ® s reduce the discharge of pollutants to
the max;mum extent practicable y
(emphasis added) **

To demonstrate "reduction®, which is the obvious

test of compliance with the Congressional mandate, a
local municipality must first establish the current
volume of pollutants being discharged. Secondly, the
municipality mugt then determine, with accuracy at least
equal to that in the initial determination, how much of
the pollutants previously discharged are no longer being
discharged. To arrive at this determination, the
community must, of course, be able to distinguish between
the changes in pollutant discharges caused by factors
unrelated to the controls and those produced wholly by
the controls.

To insure that these measurements are produced, the
stormwater NPDES program regulation promulgaced by EPA
(November 16, 1990) added certain monitoring requirements
to the congressional ‘andate. The regulation established
a two-part application process which leads to an NPDES
permit for the stormwater systcem. Monitoring
requirements are contained in each of these three
elements.
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u . . quantitative data describing the volume and
qunlxty of dx-charges from the municipal storm
sewer

" . . . description of known water quality
impacts."

» . . a field screei- ng analysis for illicit

conneccxngs and illegal dumping.
: 1 . g " .

" . . provide information characterizing the
qual;:y and quantity of dzlcharges . . . from
representative outfalls . . .;

" . . . estimates of the annual pollutant load of
cumulative discharges . . . and the event mean
concentration of the cumulative discharges "
from all identified wmunicipal outfalls for
[specified constituents]."®

’ R . X
L . monitoring program for representative data
colleccion for the term of the permit . . .*

C . monitor and control pollutants in

s:ormwlter discharges to munzcxpal systems from .
industrial facilities

"Assessment of Controls; estimated reductions in
loadings of pollutants £rom discharges of municipal
Storm sewer systems

X identification of water quality
merovemencs or degradations . . ."Y

In short, the regulation prescribing the elements of
the permit program and related application process,
outlined five questions local agencies are required to
answer:

1. How much pollutant is being discharged?

2. Where is it comihg from?

JUSEPA, November 16, 1990
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3 What harm has it caused?
4. How do you propose to reduce it?
5% How much did you reduce it?

Given the assumption that it was possible to
generate data which would provide answers to these
questions, the requirement for local municipalities to
produce answers was logical. What is now in doubt
however, is the validity of the underlying assumption.

If, in fact, it is not possible to accurately answer
thése questions the municipality is left in pursuit of a
mandate which devours resources without any means of
determining results or benefits. Of even more concern,
municipalities are left without a defense for allegations
of violation of the CWA.

Thé Critical Role of Monitoring in the Stormwater NPDES
Program

. Because of the previous conclusion, the
justification and the potential for success or failure of
the stormwater NPDES permit program is anchored to the
monitoring element of the mandate. Only with accurate
quantification of the stormwater problem, its sources and
the achievable results can the stormwater program
majintain its political priority, justify the allocation
of , resources, and provide the necessary means of
enforcement. Clearly, the Congressional mandate for
business and local government to spend hundreds of
millions of dollars annually on stormwater quality was
sold on the basis that preliminary conclusions generated
by NURP could be specifically confirmed and quantified by
a nation-wide permit driven monitoring program.

- ltiple Obi I £ s :

Because of the inherent dependency of the stormwater
regulatory effort on the program’s monitoring component,
that component has been assigned a variety of diverse
objectives by the many key parties of interest.

e Activists, regulators and legislators must use
the monitoring process to demonstrate that
stormwater pollution is, in fact, a major
controllable source of adverse environmental
impacts, warranting the massive expenditures
required to achieve "clean-up”
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° Enforcement interests must demonstrate that
site and wuse specific sources can be
accurately measured to support the civil and
criminal actions brought against CWA
violators.

L Municipalities and business require data which
will support the diversion of financial
resources tO stormwater gquality, and to
differentiate between inefficient controls and
those which are cost effective.

Many other interests also color the structure of the
monitoring program. Some are involved for the pure
delight of research; others have an interest shaped by a
profit and loss statement.

The impact of such a diversity of interests is
compounded by two additional factors which are most
significant. The first is the absence of a national
strategy for stormwater monitoring and data development.
The second is the ad hoc nature of the stormwater permit,
with the structure of each of the permit monitoring
programs being determined at the discretion:. of a
relatively independent permit writer.

Unlike NURP, which established clear objectives and
guidelines toward the goal of a nationally significant
data base, the stormwater NPDES permit program has as
many different monitoring strategies as it has permits.

The result of this diversified interest in
stormwater monitoring has been a predictable
disjointedness among the various monitoring programs.
Some are conducting research on beneficial use impacts;
others are examining sources. Some are examining land
use differences while others try to explain hydrologic
impacts. Some are still trying to determine how
stormwater discharges differ from traditional' point
source discharges, and others are evaluating available
forms of pollutants in the stormwater. Some may even be
trying to do it all. Certainly, because of its
complexities, every municipality could conduct focused
stormwater quality research unique to their locale, and
many permit writers are appearing to require it.

Recognizing that much monitoring and research is now
underway, the question that must be asked is whether the
results will be sufficiently accurate to justify either
the cost of the stormwater quality program — or the cost
of the monitoring itself.

S Harrison

Relationship Between Monitoring Costs and Stormwater
Program COsCs

The matter of stormwater program costs has been
hotly debated. Estimates to fully implement the
congressional mandate have ranged from the absurdly low
levels presented by EPA in its November 1990 regulation
($14.5 million annually)'' to the fearfully high levels
estimated by the APWA, Southern California Chapter in May
1992 ($542.0 billion annually).'™

Cost estimates defining stormwater program needs
have been as detailed as the use attainability analysis
performed by the City and. County of Sacramento ($2.0
billion, local need).'® Others, like EPA‘'s 1992 Needs
SurveY Report to Congress ($116.5 million, national
need) " have excluded virtually all implementation costs
associated with the stormwater NPDES permit program
requirements.

The real issue buried in all of the rhetoric is
*what do you get for what you spend?" It is in the
satisfaction of this issue that monitoring again assumes
the central focus of the entire stormwater quality
program. Stormwater managers are being repeatedly asked
by policy makers and administrators to demonstrate that
the dollars invested will produce a verifiable result.

Unfortunately, a growing body of evidence is
suggesting that, as currently structured, our stormwater
monitoring program can do neither. More discouraging is
that substantial increases in data usefulness cannot be
achieved without massive increases in the resources
allocated to the monitoring effort.

It has long been recognized that the variables
associated with urban runoff, which include the limitless
multiplicity of sources, the episodic nature of runoff
events, the massive magnitude of source areas and flow
volumes, and the unknown assimilative capability of
receiving waters, prevented any hope of discreet cause
and effect findings from stormwacter monitoring.
Expectations were high, however, that changes 1in the
long-term stormwater quality trend lines produced by
broadly based consistently applied control practices
could be observed and measured, providing a form of
program assessment and a measure of cost effectiveness.

‘USEPA, November 16, 1990
:Hontqo-.ry. May 1992
1\1-1)“:, December 1990
USEPA, September 1993
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However, recent work by Woodward-Clyde (which will
be reviewad at this conference) has produced conclusions
which create reservations about the validity of even this
more conservative expectation. Specifically, Woodward-
Clyde’s work has produced the conclusion that significant
increases will be required in monitoring program
expenditures if changes in long-term stormwater quality
trend lines are to be measured with any significant
confidence.

The Woodward-Clyde analysis has determined that, for
the Fresno California metropolitan area, 64 composite
samples per year will be required over a ten year test
period to detect with B0% confidence a 20% change in
copper concentrations. This contrasts with the
monitoring plan which was to be made a condition of the
Fresno NPDES permit, that plan proposing 15 samples per
year. However, we now know that at 15 samples, the
Fresno program has only a 15% chance of detecting a 20%
change over the 10 year test period.,

Correspondingly, Woodward-Clyde's work indicates it
will be much easier to detect large changes in the long-
term stormwater quality trend lines. K For example, again

in the Fresno California case, the plnnned 15 sample per’

year program has a 48% chance of detecting a 30%
reduction, and a 79% chance of detecting a 40% reduction.

The obvious caveat for program managers is the
imperative of insuring that the control program creates
a big change in stormwater quality. If not, your
monitoring program is not likely to detect the impact at
any significant confidence level.

The significance of this information to stormwater
program managers can be seen in the following graph. The
graph contrasts the monitoring program costs required
under the pending Fresno area NPDES permit with the costs
required to increase the confidence level of confirming
a 20% change in stormwater quality from 20% to 80%.

As currently structured, the Fresno area NPDES
stormwater permit program will expend S$1.55 million
dollars over the next ten years on monitoring (assumes
annual expenditures of 1994 levels), but will achieve
only a 20% probability of detecting a 20% change in
stormwater quality. Based on the Woodward-Clyde work, to
increase the confidence level to 50% the program must
increase monitoring expenditures to $5.33 million; and to
reach the B80% confidence level it must expend $5.84
million.
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Stated another way, the permit program now allocates
21% of the program budget to monitoring. To increase the
confidence level of the monitoring results to S50%, the
percentage of the permit program resources allocated to
monitoring must increase to 27%. To achieve the 80%
confidence level, 41% of the program’s resources must be
directed to monitoring.

.+ Correspondingly of course, increases in the
monitoring budget decrease other elements of the
stormwater program such as public education, legal
enforcement, or — heaven forbid — annual reporting. This
places before the local program manager the unique
dilemma of maximizing expenditures that are likely to
produce a change in stormwater quality, while pursuing a
"low confidence" monitoring program; or, increasing the
confidence level of the monitoring by reducing the things
which are likely to improve stormwater quality. The
other option, of course, is simply to divert more money
from other municipal needs to invest more in stormwater
monitoring.

Arguing strongly for restraint in inflating
moditoring budgets, in addition to the resultant
reduction in stormwater control practices, is the related’
difficulty in identifying the cause of an observed change
in ‘stormwater quality. Even at the 80% confidence level
of detecting a change, it remains doubtful the monitoring
program can identify with any confidence, the cause of
the change detected. Whether it was the program itself,
some specific element of the program, or some other
series of events, that produced the observed change is
likely to remain an important unknown.

The scope of this issue becomes more visible when
statewide and nationwide impacts of raising the
monitoring confidence level are considered. While an
admittedly primitive approach, the Fresno program can be
used to create such an estimate. If it can be assumed
Fresno is relatively representative of the stormwater
monitoring programs in California, it can be estimated
that annual stormwater monitoring activity would have to
increase from the $3.7 million actually expended
statewide in 1993-94 to $9.1 million in order to achieve
the 50% confidence level, and to $13.9 million to reach
the 80% confidence level.
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TABLE NO. 1 Relatedly, if California bears the same permit

program monitoring cost relationship to the rest of the
nation as it does with respect to the total of all
permitted municipalities (35.4% of all permitted
communities are in Califormia)', it is possible to
estimate the confidence level cost impact on a national
basis. On this basis, the nationwide cost to achieve the
20% confidence level will toctal $10.45 million per year.
(This represents an estimate of the basic permit
monitoring requirement cost which will be incurred by the
total of all permitted municipalities assuming no
substantive variances from the obligations imposed on
California communities). To achieve the 50% confidence
level, annual nationwide monitoring costs must increase
to an estimated $25.75 million; and to achieve the B80%
confidence level, the annual nationwide costs must
increase to $39.4 million. (It is noted that monitoring
costs, expressed in annual terms, must continue at the
same level for ten years to produce the desired
confidence level data base.)

Conclusion

The stormwater quality program is the object of
intense scrutiny by political, environmental, municipal,
and business interests. However, because the program’s
accountability to all of these interests is so completely
dependent on reliable data, the program cannot achieve
the objectives ascribed to it without an effective
monitoring program producing dependable information.

Monitoring Costs To Detect a 20%
Change in Stormwater Quality
(10 Year Test Period; Presno CA)

100%

90%

60% 70% B80%

Over a 10 year Period
40% 50%

30%

It is this manager’s opinion that the requisite
information capnot be developed, and the ascribed
objectives cannot be achieved without fundamental changes
in the structure of the stormwater quality program.

First, we must change the presumption that
stormwater quality problems and solutions can be as
easily identified and quantified as other point source
problems; and the presumption that given a little time,
we can drive stormwater quality into compliance with
traditional standards.

Probability of Detecting 20% Change in Stormwater Quality
10% 20%

Ten Year Monitoring Program Costs

(Annual costs in 1994 dollars; sampling,
laboratory, and analytical costs only, excludes
equipment and installation.)

‘USEPA. October 1993
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It seems a reasonable conclusion that, if we can’'t REFEREMCES APPENDIX
clearly measure how much stormwater quality has been
changed, it is not 1likely we can measure how much

pollucion stormwater carried to begin with. Relatedly, A. Harrison, Doug; General Manager/Secretary, Fresno

if it is so difficult determining if all of the things we Metropolitan Flood Control District, 5469 E. Olive,

did caused a change, it is even more unlikely we can Presno, Califormia 93726

measure the change caused by any one thing we’ve done.

The same conclusion also applies to accurately B. Montgomery, James.; “"Final Report: A Study of

identifying the stormwater pollution sources. Nationwide Costs to Implement Municipal Stormwater

Best Management Practices", American Public Works

Secondly, we must change our approach to defining Association, Southern California Chapter, May 1992.

the problem and testing for solutions. The weak

repetitious characterization studies, haphazard source €. USEPA; "National Pollutant Discharge Elimination

investigations and miscellaneous "nice to know" projects ' System Permit Application Regulations for Storm

occurring through the permit process must be replaced Water Discharges”, 40 CFR Parts 122, 123, and 124,,

with a national stormwater gquality monitoring and: November 16, 1990. ‘

research strategy. Specific goals and objectives must be’

developed and then implemented through the permit D. USEPA; "1992 Needs Survey Report to Congress®,

programs by means of specifically focused target/pilot Office of wWater, Office of Wastewater Enforcement

studies. Only that duplication necessary for statistical and Compliance (WH-547), September 1993.

confidence should be permitted and all efforts should be

held accountable to rigid procedural guidelines and QA/QC E. USEPA; "Stormwater Discharges Potentially Addressed

standards.

: by Phase II of the National Pollutant Discharge
Elimination System Stormwater Program: Report to

The sampling, analysis and development of! Congress", USEPA, Office of Wastewater Enforcement'
conclusions should be routinely supervised by a national’ and Compliance (4203), October 1993
data coordinating unit, and the data aggregated into a
functional data base for use by the political, F. Walker, Larry and Associates, "Urban Stormwater
environmental and municipal interests. From such a data Controls Necessary to Achieve Water Quality Based
base, appropriate discharge standards for both end-of- Effluent Limitations Required by the Proposed
pipe and receiving water conditions can then be extracted Inland Surface Waters Plan", (City and County of
and useful measurements for assessing effective control Sacramento, Califormia) December 1990.

practices can be developed.

G. Water Quality Act of 1987
Unless there is such a change in the structure of
the stormwater monitoring program, we are destined to
invest a major portion of the stormwater program finances
in activity which produces dubious information and no
stormwater quality improvement.

Given the magnitude of costs associated with the
stormwater quality program, our nation’s municipalities
simply can not afford to have such a large percentage of
its expenditures so unproductively used. Neither can we
afford to impose such a devastatingly expensive standards
compliance mandate on the basis of irrelevant or
inaccurate data. Only with the proper structuring and
conduct of a nationwide monitoring strategy can we
produce the data necessary to insure successful
attainment of the rightful objectives assigned to the
stormwater program.
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PARAMETERS TO REPORT WITH BMP MONITORING DATA

By Ben R. Urbonas, M. ASCE*

ABSTRACT

This paper presents an argument for standardization of the physical, chemical,
climatic, geological. biological, and meteorological parameters being reported along
with the data acquired by various investigators on the performance of structural
stormwater Best Management Practices (BMPs) used to enhance stormwater quality.
Also, a standard minimum list of such parameters is suggested. Sucha list is:needcd if
we want to have a meaningful exchange of data among the various studies being
conducted throughout the world. Transferability of performance results and
consistency, or lack of it, in the performance of various BMPs has been an ongoing
problem. A murually agreed upon minimum list of reporting parameters that-can be
used to relate the performance of BMPs to some, or all, of these parameters could
begin to address this problem. Over time such standardization will conserve the
resources being expended by various field investigations and may eventually lead to
improvements in the selection of and in the design of various BMPs. '

INTRODUCTION

Much data have been collected over the past 10 to 20 years on the performance
or "efficiency” of many structural stormwater quality BMPs. Most existing data relate
to the performance of detention basins (i.c., dejention basins that drain out completely
after a storm runoff end. sometimes called "dry pond™), retention ponds (i.e., ponds
that have a permanent pool of water and retain at least part of one storm's runoff after
its runoff period ends. sometimes called "wet pond™) and wetlands. Less data are
available on field effeciveness of other types of BMPs. Howeve. this data and/or its
reporting has lacks consistency. In addition, musch of the reported results do not show
clear mathematical relationships berween the performance of similar BMPs among
various sites in which they were investigated. One of the reasons may be that

* Chief. Master Planning & South Platte River Programs. Urban Drainage and
Flood Control District. 2480 West 26th Avenue, Suite 156B. Denver, Colorado.

sufficient parametric information about each site has typically not been reported along
with the performance data to permit systematic analysis of data collected under a
variety of field studies, or to relate these data to a set of physical, climatic, geologic, or
hydrologic conditions.

What we have now is a variety of independent interpretations with very little
attemnpt to relate to other investigations that may have occured in the past or may
beoccuring concurrently. Some of these interpretations may make a lot of sense while
others leave us wondering and questioning what was studied and found and why? At
the same time. and more importantly, we cannot answer with any degree of confidence
what role various site parameters play in the performance of any particular BMP.

As an example for a retention pond. is it more important to know the pond size
vs. inflow evenr volume ratio when designing for the removal of Total Suspended
Solids (TSS) or Total Phosphorous (TP), or is it more important 1o know the surface
area of the pond vs. tributary watershed area ratio, or is another set of parameters
more important? Such questions can only be answered by a systematic and consistent
BMP monitoring activities, wherever they may take place. Without these we will
never be able to develop reliable, field tested, selection and design guidance for
structural BMPs, guidance that we can need to use these BMPs with confidence.

When we examine what occurs at a retention pond, there are two distinctly
separate phases of sedimentation. The first takes place during storm runoff when
settling occurs under turbulent conditions, the other takes place during the quiescent
conditions between storm runoff periods. In addition, in-berween runoff events
biological and chemical processes can remove or remobilize suspended and dissolved
constituents in the water column.

In the TSS removal example discussed above. the settling of solids under
quiescent conditions is a function of particle densiry, particle size and the fluid's
viscosity, which in urn is a function of temperature. According to Dobbin (1944) and
Camp (1946), particle settling under dynamic inflow conditions is dependent on the
unit surface hydraulic loading (i.e., Q/4), the measured distribution of TSS particle
settling velocities and critical shear stress. which in tumn is a function of flow velocity
and depth. There isalso evidence (Grizzard et al; 1986) that TSS and other constituent
removal efficiencies can be significantly affected by the initial concentration of the
constituent. Laboratory and field data using stormwater show that it is easy to remove
80 to 90 percent of TSS from urban runoff when its initial concentration is high (e.g.,
> 400 mg/1) and difficult to remove even 20% when the initial concentrations are low
(e.g., <20 mg/l).

There are a number of key parameters that need to be obtained and reported
whenever BMP performance is monitored. Identifying all such parameters at this time
is not posible. We can add to the list as we leamn more about the passive treatment
mechanisms and the performance of structural BMPs. However, an initial list is
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suggested for a variery of BMPs that are currently or may be field tested in the furure
for effectiveness. They need to be reported in all study reports, data tansfer reports,
and other literature, along with performance data such as the inflow and outflow event
mean concentrations (EMCs), the percentages of removal of each constituent, the flow

rates and the volumes entering and leaving each structural BMP facility being
investigated.

As municipalities and industries in United States of America begin to operate
under the federally mandated National Pollutant Elimination Program's separate
stormwater discharge permit system, we can expect a profound increase in the amount
of stormwater monitoring data being collected and reported. Much of it will be
associated with the performance of various BMPs. This data will be collected in a
vaniery of ways, using different monutonng and reportng techniques, manual
sampling, automatic sampling, different constituent detection levels, etc. The
sclection of the techniques used at each site will be determined by local conditions,
budgets. expertise of the investigators, and other factors impossible to predict in
advance. Some level of consistency in how this data and the type BMP parameters
being reporied will be needed if we ever hope to make any sense of this data or hope to
draw repeatable quantitative conclusions. This will be of particular challenge when
trying to draw conclusion in how this data relates to various BMP's and tributary
watershed's design parameters.

It is hoped that the consistent use in the professional literature of a minimum set
of standard parameters will result in more reliable tools for the selection of structural
BMPs and in berter design tools than we have today. In developing this list, various
potential physical. biologic and chemical processes were considered for several types o
BMPs . Although this list is extensive, every attempt was made to kept it as brief as
possible. This does not mean, however, that other site specific parameters should not
be measured or reported.

It is also recommend at this time that additional parameters be carefully
evaluated before adding them to this list. It is not the intent to limit this initial list or
to keep out other potential parameters of merit. I is suggested that before adding on to
this list consider tha the complexity of finding meaningful empirical relationships
expands exponentally with each newly added parameter. Also, we need to be sure
that any new parameter is not already within this list. either as part of another
parameter or within a grouping of the parameters on the present list. For example. it is
not necessary to report the tributary impervious watershed area if the total watershed
area and its percent of total imperviousness are reported.

REPORTING CONSTITITENTS AND THEIR REMOVALS

The way that we report data on the constituents in the water column and their
removal rates is dictated is we have a detail study report or a summary paper. The

w
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former merits much more detail. Also. should data be reported as event mean
concentrations for a storm or should it be reported as a set of discrete sample data
obtained at different times duning a storm? There is a need to have some level of
consistency in how we handle this issue.

Data and Study Reports

Typically, litcrature reports the constitueats being monitored, their removal
efficiencies and associated flows. Someumes the consuruents are reported as EMCs
entering and leaving the BMP facility, while at other times data are reported for
individual discrete samples taken throughout the runoff event even though discrete
samples are often composited into a single EMC. To provide consistency, it is
recommended that stormwater BMP data be reported in literature as paired inflow and
outflow EMCs for all the events sampled, along with the event's volume of runoff
(inflow and outflow if different) and percent constituent removal rates during each
event

The collection and the reporting of discrete sample data taken at various times
during nmoﬂ' events is not discouraged by the above recommendation. It is, however,
very cxpenswe to test each discrete sample for a number of constituents and many
stormwater data collection efforts elect to test only the flow weighted composite
sample w0 find the storm's EMC. If budgets permit, however, much understanding can
be gained through the collection and analysis of discrete water quality samples
throughout the runoff hydrograph. The reporting of storm composite EMCs in
published literature is suggested for the sake of reporting constancy, while any
availabie discrete sampie data can be made availabie to investigators upon request as
ASCII or dam base files. along with the organization and format of these files.

Inconsistencies also occur in literature in reporting removal efficiencies. To
cope with this, it is recommended that the percent removal (PR) for any constituent be
calculated and reported for each monitored event using the inflow and outflow loads.
If the facility records less surface outflow than inflow, as can be the case when
infiltratiorvpercolation occurs. the outflow loads should be reported for the surface
outflow component based on the measured outflows and for the subsurface component
based on the esumates of the water infiltrated/percolated. into the ground. This should
prevent the impression that infiltration/percolation actually eliminates constituents,
instead of. as sometimes happens. ransferring them to the groundwater flow regime.
Equation | is suggested as the basic equation for calculating the percent removal rate
of any sampled constituent.

V,-EMC, =V_ -EMC,

== = =.100 1)
ok V_-EMC, (
in which, PR = percent constituent load removed,

V. = storm runoff volume inflow into the BMP faciliry,
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EMC,, = event mean concentration of inflow volume,
V.. = storm runoff volume outflow from a into the BMP,
EMC,,, = event mean concentration of outflow volume,

Reporting of constituent concentrations in dry weather inflows and outflows, if
any, can reveal much about the true performance of a BMP. Many on-site BMPs do
not experience dry weather flows and the reporting of the percent constituent removal
efficiencies for storm events is sufficient. However, if dry weather flows are present,
they sometimes can have a very significant effect on the actual constituent removal
rates that take place over an extended period of time (Urbonas et al, 1994). To help us
understand how any BMP being studied is affected by dry weather flows, it is
recommended that constituent concentrations in dry weather flows be obtained and
reported in sufficient numbers to provide averages and their coefficient of variation.

R S . { Published S P

" Summaries of monitoring studies and published papers often cannot include all
the data that were collected. As a result, the information has to be reduced to fit the
available space. Again there is no consistency in how this is done and it is suggested
that, as a minimum, summary reports and published summary papers report the
constiruent EMC data as monitoring period (or season) averages for both the inflow
and outflow, along with the inflow (and outflow if different) volume averages and
numbers of EMC data points (i.e.. storm events sampled) for each parameter, along
with each average's coefficient of variation (CV). These data need to be accompanied
by the lon-term average percent removal rates for each constituent reported as the
arithmetic mean of individual removal rates. Calculated these using Equmon 2

PR,
72, o ZiPN .

in which, PR, = Average % removed. all monitored events, single constituent,
n = number of events for which percent removals were calculated,
PR, = % removed for the i, event sampled.

BASIC SEDIMENTATION EQUATIONS

Much of the performance effectiveness attributed to BMPs currently focusws on
the removal of TSS from runoff. This is definitely not always the case. Local
concems. such as those in watersheds tributary to Chesapeake Bay and the watersheds
in State of Florida suffering from groundwater depletio, may dictate that the removal
of nutrients is of greatest concemn. or. as is the case for the watershed draining to San
Francisco Bay, the removal of copper. soluble and total, may be of most interest.
Never the less. the selection of the parameters being suggested are based on the
principles for the removal of TSS and on the removal of other constituents. The
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reduction in the toxicity of some of the constituents was also considered in developing
the recommended list

The TSS removal process is much more complex than can be explained using
simple sedimentation equations. Nevertheless, these equations provide some of the
mathematical basis for identifying many of the physical parameters that should be
looked at, especially when considering the design of facilities to remove particulates
and the constituents that adhere to them.

N rs Sedimeamtin Lase For Saeriaal Bartieies

Newton proposed the following equation to describe the settling velocity of a particle
in a fluid:

v, - g.———d' ‘é =) ®
o'
in which, ¥, = settling velocity of a given particle size in m/s

d, = diameter of the particle inm
rp = specific gravity of the particle,
r, = specific gravity of the fluid,
g = gravitatonal acceleration in m/s2
Cp = drag coefficient, a function of Reynolds Number R, , which in

turn i$ a function of the fluid's temperamre.

Basic S 4ed Solid Setifine in Turhulent Flgw :

Geyer (1954) suggested a relationship to describe the sediment fraction that can
be removed in a pool of water under the dynamic conditions that can occur as water
enters the pool at one end and overflows an outlet at the other end. This relationship,
Equation 4, relies on the pool’s hydraulic surface loading rate, namely the flow-
through rate divided by the pool's surface area.

n

R, =10-|10+ 1. 28

d-l. o l +;Q—/- (4)
/A

in which, Ry fraction of the inflow solids removed under dynamic conditions,

settling velocity of a given particle size in m/s (fVsec),

flow through rate in cubic m/s (fV/sec),

surface area of the permanent water pool in m? (f2),

turbulence. or short-circuiting, constant,

1.0 for poor performance, high sort-circuiting potental,

3 h
LS
[ IO I I B I |
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= 5.0 for very good performance, low short-circuiting potential,
= o for ideal performance.

As n approaches infinity, Equation 4 reduces to:

Ry=10-¢7H ©)

in which, & V,/h , sedimentation rate coefficient in /s units,

h = average depth of the pond in m (ft),
! = V/Q, resident time in the pool in seconds
Vv = volume of the pool in m3

GENERAL PARAMETERS TQO CONSIDER FOR ALL BMPS

There are a number of general parameters that should be recorded and reported,
regardless of the type of BMP being tested. Some of these can be used to assess the
aquanc environment and the toxicology of the constituents being monitored. Others,
such as temperarure, give the investgator an idea of the fluid's density and viscosity,
both of which influence the setleability of solids. Table | lists a number of such
general parameters. All of them can be measured in the field and, except for Vgp), are
relatively inexpensive to obtain.

RUNOFF PARAMETERS

Since storm runoff is a function of the tributary watershed area and its
imperviousness, always report the Tributary Watershed (A7), its Total Percent
Imperviousness (Ir7) and the Percent of the Total Imperviousness that is Hydraulically
Connected (Ij¢) to the storm conveyance system. Often not reported in published
literarure is information about storm runoff peaks, runoff volumes or storms and of
base flows associated with BMP facilities. Figure | illustrates storm runoff events as a
time series of hydrographs. which information can be summarized using a probability
distributon graph shown in Figure 2. To help us find relanonships between runoff
distribution data at a vanety of sites being monitored and the performance of these
BMPs, itis recommended that. as a minimum, runoff data (and outflow data if
different) be summarized as suggested below for Runoff Volume, Storm Runoff
Duration and Storm Runoff Inter-Event Time parameters as follows:
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TABLE |. GENERAL PARAMETERS TO REPORT FOR ALL BMPs

Inlet and Plan. protile and details. including dimensions and eievauons of the

Outlet inlet and outlet works. Include inflow baffles and outlet trash racks, if
any.

Temp * | Water temperarure of intluent, etfluent and possibly the pond itself.
Summarize this data as monitoring seasonal average, along with its
coefficient of variaton.

Vsp Senling velocity distribunon of the sediments in stormwater determined
from a number of settling column tests.

Alkalimty « | Atfect the solubility and the toxicity of metals and of other consurtuents.

Hardness To be measured and reported as the Event Mean Concentration (EMC)

of the influent and the effluent of the facility.

Conaucrivity *

Prowvides a surrogate indicator of ionic activity in the water column,
which may indicate the availability of metals to aquatic life in toxic
state. Reporting disso/ved metals along with roral metals data provides
an indicator of potentially available toxic forms.

pH . * | Affects the solubility and toxicity of metals and other constituents.
x Indicates that these parameters are to be measured in the field and
. reported as the mean of the measured values.
Solar .. Measured daily, only at retention ponds, wetlands and other biologically
Radiation active trearment water quality facilities. Summarize this data as the
. mean of daily averages for the monitoring season and their Coefficient
+ of Variaton.
Maintenance | Provide type and trequency of maintenance such as dredging ot
sediments, harvesting, mowing, removing and replacing filter media,
: etc.
Facility Full aescnipuon of the BMP, including layout, typical cross-secuon and
Description profile. inlet and outlet details. vegetative cover. etc.

Vy =  Volume of the average runotf event in watershed mm (in)

Veso =  Volume of the 50th percentile runoff event in watershed mm (in)»

CVyz=  Cocfficient of Variation in the volumes of runoff events ( g,_,/V,),

in which Vg, = Standard deviation of Runoff volumes.

Vs, =  Volume of the seasonal dry weather base flow in watershed mm (in),

Qp =  Average runoff peak rate in m3/s (R3/sec),

CVgp=  Cocfficient of Variation of flow peaks.
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CVipp=  Coefficient of Variation in storm runoff duration (Tg,_,/7, ), in which
Tsp p = Standard deviation of storm runoff duration.
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Tg =  Average separation period between the end of a storm runoff hydrograph PERCENT EQUAL TO OR SMALLER THAN
and the beginning of the next one in hours, '

Teo =  The 50th percentile of storm runoff event separation periods in hours, Figure 2. Example of cumulative probability distribution of Surface Runoff. Storm

Separation and Inter-Event Time for one BMP site (After Urbonas et al, 1994).
CVys=  Coefficient of Variation in storm runoff event separation periods

(Tep_s/Ts ). in which T, ¢ = Standard deviation of storm runoff event

: . BPARAMETERS FOR RETENTION PONDS
separation periods.
) . Figure 3 illustrates a plan view of an idealized stormwater retention pond used as
Storm Runoff Duration: a structural BMP. Retention ponds such as this always have some surcharge detention
3 v sto! bove the permanent pool water surface.
T, =  Average duration of storm runoff in hours, rage above i et poo ace
. 1 al hanis ithin a retent
Tpso =  The 50th percentile value of storm runoff duration in hours. SRR )| T L oI ROV bl ron

pond. These include sedimentation during runoff events and in between runoff events,
other physical processes, chemical processes and biological processes. As a result,
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more information needs to be reported for these types of facilities than for facilides
that remove pollutants pnimarily though physical processes. Also, keeping these
points and Equations 3 through S in mind, the following set of parameters emerge as
needing to be reported with removal efficiency data of retention ponds.

.Littoral Zone

Forebay

.Permanent Pool :
p T

{ iy

Permanent Pools W.S.

Littoral Zone
SECTION A-A

Figure 3. Plan of an Idealized Retention Pond. (After UDFCD, 1992)

Surface Arca and Pond Lavout Parameters:

Ap =  Surface area of the permanent pool in m2 (i),

A, = Surface area of the littoral zone (zone < 0.5 m (1.5 ft) deep) in m? (ﬁz),
Ap =  Surface area of the top of the surcharge detention basin in m2 (f2),

L, = Length of the permanent pool or flow path in m (),

L, = Length of the surcharge detention basin in m (f),

Ar =  Surface area of the forcbay in m* (ﬁz),

Ly =  Length of the forebay in m (ft). .
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Basin Volume Parameters:
V, =  Volume of the permanent pool in m3 (R3),

Vp =  Design volume of the surcharge detention basin above the permanent pool's
water surface in m3 (ft3),

V) =  Volume of the forcbay in m3 (fi3).

Emarying Time P .

Ty =  Time needed to empry 99% of ¥, assuming no inflow takes place while the
surcharge pool is emptying, in hours, and

Tosg =  Time needed to empty the upper one-half of ¥, assuming no inflow takes
place while the surcharge pool is emptying, in hours.

PARAMETERS FOR EXTENDED DETENTION BASINS

Fugue 4 shows the plan vies of an idealized extended detention basin. Such
basins employ sedimentation as their primary pollutant removal mechanism. Asa
result, Equations 3, 4 and 5 also apply to extended detention basins, but have to be
viewed somewhat differently than for a retention pond. In a retention pond,
sediments that settle below the overflow outlet level are essentially trapped within the
permanent pool and are less likely to be discharged through the outlet. The trapped
sediment continues to settle to the bottom of the pond even after the surcharge volume
is drained off. In an extended detention basin stormwater empties thorough an outlet
located on the bottom. As the sediments settle to the bottom they concentrate within
the lower levels of the ever shrinking pool and discharge through the outlet. Unless

they are scoured out. only the sediments that deposit on the bottom can be wapped
within the basin.

The design for extended detention basins thus requires much longer drain times
to permit the sediments to settle onto the bottom of the basin. Current state-of-practice
suggests that the emptying time be set at 24 to 48 hours for a volume equal to the
average runoff event expected to occur at the design site. Current practice also
suggests that extended detention basins be designed to have two levels. The lower
level basin is filled frequently by the predominant numbers of small runoff events,
while the upper basin is inundated only few times a year. This two layer design
significantly improves the upper basin's usability for other community uses.
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The list that follows reflects most of the parameters of importance for an
extended detention basin. Many of the same parameters that were recommended for
retention ponds are repeated for an extended detention basin.

Top Stage L
2% Slope For
4 Bottom's Drainage

2

Figure 4. Plan of an Idealized Extended Detention Basin. (After UDFCD, 1992)
Surface Area and Plan Layout Parameters:

Ap = Surface arca of the extended detention basin in m (f2),

L, =  Lengthof the extended detention basin in m (R),

Ay =  Surface area of the bottom stage (i.e., lower basin) in m2 (ﬁz),

Ly =  Length of the forebay in m (ft).

V, =  Total Volume of the extended detention basin in m3 (ft3)

Vs =  Volume of the Bottom stage only of the basin in m3 (ﬂ3)

V. =  Volume of the Forebay in mS3 (ft3)

Use the same Emptying Time parameters as defined for the retention pond.
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PARAMETERS FOR WETL.AND BASINS

Figure 5 depicts an idealized wetland basin. Some wetland basins are similar in
their operation to retention ponds while others resemble extended detention basins, the
distinction berween the two being whether or not the wetland basin has standing water
or a wetland meadow as its bortom. The pollutant removal mechanisms are probably
similar to those found in retention ponds and in detention basins, except that
stormwater comes in contact with wetland flora and fauna. This contact and the
physical structure of the wetland provide pollutant removals through adsorption and
biochemical processes and possibly through reoxygenation of the sediments and
detoxification of the water column, processes that may or may not be available in
retention ponds and are not available in detention basins.

Depth Variation Legend

PLAN = 150mm (6 inA)
Not To Scale 300 mm (12 in)

] o6to12m(2to4ty)

Figure 5. Plan of an Idealized Wetland Basin. (After UDFCD, 1992)

In addition to the parameters of Equations 3, 4 and 5, each performance
monitoring program should report parameters that are peculiar to the wetland being
studied. Most currently available wetland monitoring data rarely contain such
information. often not even reporting many of the parameters commonly being
reported for other BMPs. Because the quantification of wetland performance as a
BMP is relatively new. very little information can be found in current literarure and it
is difficult to suggest parameters to report when reporting the performance data of
wetland basins. Table 2 and the list that follows it suggest the parameters that appear
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to be most important, many of which are identical to those recommenced for retention
ponds.

TABLE 2. ADDITIONAL GENERAL PARAMETERS TO REPORT FOR
WETLANDS

Type of Camail marsh. northern peat land, meadow, palustnne, southern

Wetland marshland, hardwood swampland, brackish marsh, high altitude
nverine, freshwater riverine, mixed (include types), constructed or
natural. etc.

Rock Filter? | |s there a rock rilter media present in the wetland bottom?

Dorminant Lists the domunant plant species in the wetland and the age of these

Planr Species | plants. namely, ime since their original planting or replanting.

Surface Arca and Lavout Plan Parameters:

Ap =  Surface area of permanent wetland pool, if any, in m? (f2),

A4, =  Surface ares of the meadow wetland, if any, in m2 (R2),

Py3o =  Percent of permanent pool less than 0.30 m (<12 in) in depth,
Py =  Percent of the permanent pool more than 0.60 m (>24 in) in depth,
A; =  Surface area of the surcharge detention basin's top in m2 (ft2),

L; = Length of the wetland surcharge/detention pool or flow path in m (ft),
A =  Surface area of the forebay in m? (hz),

Ly = Length of the forebay in m (ft).

Basin Volume Pammeters:

V, = Volume of the permanent pool. if any, in m3 (ﬁ3).

Vp =  Design volume of the surcharge/detention basin in m3 (ft3),

Ve = Volume of the forebay in m3 (f3).

Ijmi !fmabl s

Use the same Emprying Time parameters as defined for the retention pond.
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BARAMETERS FOR WETIAND CHANNELS

Channels can be designed to have a wetland bottom which are designed to flow
very slowly. Figure 6 show a profile for such a channel. When properly designed,
the channel's bottom is covered by wetlands, with only the sideslopes having terrestrial
vegemation. The flow velocity is controlled by transverse berms, by check dams or by
an outlet at the downsueam end of a given channel's reach. In the last case, the
channel is essentially a long and narrow wetland basin.

The pollutant removal mechanisms in wetland bottom channels are similar to
those found in wetland basins, except that contact time of stormwater with the wetland
vegenqon is likely to be less. Because of the flowing channel nature of this BMP, the
following parameters, in addition to those in Tables 1 and 2, should provide the
information needed to compare the performance of different installatons:

Vipe =  Average channel velocity during a 2-year runoff event in m/s (ft/sec),
Ap =  Surface area of the wetland bottom in square m2 (f2),

L, = Length of the wetland channel in m (ft).

Prt =  Describe any pretreatment provided ahead of the channel (e.g. detention).

There are no Emptying Time parameters to report for wetland channels.

2-year Flood Level

~ “Base Flow
" Y—-—- Drop or Check Structure

ST TN
R

. .

S e TP g o

B O SO
DRI

Erosion Protection

PROFILE

Not To Scale

Figure 6. Profile of an Idealized Wetland Bottom Channel. (After UDFCD, 1992)
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PARAMFTERS FOR SAND FILTERS In addition to the parameters of the pond or basin associated with the filter,

Sand filters can be installed as basins o as sand filter inlets. Figure 7 illustrates prodde e Rllowin:
an idealized filter basin and Figure 8 does the same for a filter inlet. Typically, these
installations will have a detention basin or a retention pond (or tank) upstream of the
filter to remove the heavier sediment and, if properly designed, some of the oil and
grease found in stormwater. However, such a pretreatment basin is not always present.

s Dimensions of the installation.

e Depth of various filter material layers.

All of the parameters called for a Retention Pond or for an Extended Detention Basin o Type of filter medin, its median particle size (i.c., Dgg) and its Coefficient of
should aiso be reported along with the information about the sand filter whenever the Uniformity.
filter is preceded by a pre-treatment basin. For example. a filter inlet is often equipped ) )
with an underground tank which helps to remove some of the sediment, oil and grease * Maintenance frequency.
before stormwater is applied onto the filter. Such a tank is similar to a retention pond ; ; . ; : :
and all of the parameters associated with a retention pond, such as volume, surface ‘ Af" m:}?":d df“‘“”?’ s ﬂ pediog mblc.ms SrbueEs! o G inssallstion becxie
Jength, surcharge volume, ete. should be reporsed. of its configuration size, maintenance practices, etc.
Time Vadables:
Use same parameters for Emprying Time as defined for the retention pond.
underdrains
7
— = ~ y S;’g: g{nﬁon
3m 4 (typical ( !
1 — — — i — — Bazin Weir Flow =~ = Re.

| [ ——— _ One per Inlet Grate 3 Cover Lids
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Figure 8. An Idealized Sand Filter Inlet. (After Shaver, 1993)

Figure 7. Plan of an Idealized Sand Filter Basin. (After UDFCD, 1986) Anoil! and sand trap is an und wnid rok: similar io theioneiill od
in Figure 9. It is nothing more then a special configuration of a retention pond. As a
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result, report all of parameters listed for a Retention Pond should also be reported for .
these installauons. Typically these installations have a forebay and an outlet basin. In
addition W reporung the parameters for a pond, provide the dimensions of the

The hydraulic conductivity of soils adjacent to percolation trenches and the
saturated surface infiltration rates of soils underlying infiltration basins.

installation, details of its design (including skimmers, sorbent pillows, lamella plates, o Dimensions of the installation.
baffles. eic.) and the maintenance provided during the testing period. Because these . ) )
type of traps are much smaller than a surface pond. the flow-through velocity is of * Maintenance needs and associated drainage and flooding problems auributed to the
concern because it can cause rapped oil, grease and sediment to be remobilized and installation.
flushed out of the trap. As a result, provide the average flow velocity thar can be > . X .
expected lo occur in this device during a 2-year storm, which velocity can be used as » Failures to empry out the caprured water completely within the design emptying
an index for companng the performance a vaniety of installations. troe.
Use the same Emprying Time parameters as defined for a retention pond. Use the same Empiying Time parameters as defined for a retention pond.

Figure 9. An Idealized Oil. Grease and Sand Trap (After Neufeld, 1994).

An idealized percolation trench is iliusmned in Figure 10. For percolation
trenches and for infiltration basins report all of the parameters suggested for the g
Extended Derention Basin. In addition, report the following:

o Depth to high groundwater and to impermeable layers below the infiltrating . . )
surface of the basin. or beiow the bottom of the percolation trench. Figure 10. An Idealized Percolation Trench. (After Urbonas & Stahre, 1993)
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SUMMARY AND RECOMMENDATIONS

In summary, there is a great need for consistent reporting of various BMP
parameters along with field testing data on their performance. Table 3 these
parameters. It is recommended that all agencies and organizations that undertake field
studies of BMP performance be encouraged to include in their reports and report
summaries the information suggested in this paper. Only through a concerted effort by
stormwater professionals to report the suggested minimum list of parameters about
each installation, or some other list that the research community deems more
appropriate, will all of the field research activities yield parametric relationships that
refine and optimize structural BMP designs.

EURTHER REVIEW COMMENTS TO ASCE

A paper that presented the concepts and recommendations made in this paper is
also being published by the American Society of Civil Engineer, Water Resource
Planning and Management Division's Journal. Anyone wishing to comment on this
topic and these recommendations is invited to write to the ASCE Journal's services.
All comments are welcome as this topic deserves wide debate and discussion.
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TABLE 5. SUMMARY OF REPORTABLE BMP SITE PARAMETERS.

Ret | Ext. | Wet- | Wet- (o117 Intilt.
Pnd | Det. | land ‘Iand Smd—} Sand | &

Parameter Bsin | Bsin | Chn'l | Filetr | Trap | Perc.
Tnbutry Watersned Area - A, Yes | Yes | Yes | Yes | Yes | Yes | Yes
Total % Trib. Watershed is Impervious - /| Yes | Yes | Yes | Yes | Yes ' Yes | Yes
% of Impervious Area Hyd. Connected - /,~| Yes | Yes | Yes | Yes | Yes | Yes | Yes
Guner:Sewer/Swale/Ditches in Watershed? | Yes | Yes | Yes | Yes | Yes . Yes | Yes
Avarage Storm Runotf Volume - 17y Yes | Yes | Yes | Yes | Yes | Yes | Yes
50th Percenule Runoif Voiume - Veepy Yes | Yes | Yes | Yes | Yes ! Yes | Yes
Coetf. Var. of Runorf Volumes- CV,p Yes | Yes ! Yes | Yes | Yes ! Yes | Yes
Av. Dailv Base Flow Volume - V, Yes | Yes | Yes | Yes | Yes | Yes | Yes
Average Runotf Inter-Event Time - T Yes | Yes | Yes | Yes | Yes : Yes | Yes
50th Percennie inter-Event Time - Tsqy | Yes i Yes | Yes | Yes | Yes | Yes | Yes
Coeff. Var. of Inter-Event Times - CVype Yes | Yes | Yes | Yes | Yes | Yes | Yes
Average Storm Durauon - 7, Yes | Yes | Yes | Yes [ Yes | Yes | Yes
50th Percenule Storm Duration - Tpy, Yes | Yes | Yes | Yes | Yes | Yes | Yes
Coerf. Var. of Storm Durations- CV'py Yes | Yes | Yes | Yes | Yes | Yes | Yes
Water Temperature - Temp ) Yes | Yes | Yes ' Yes | Yes ' Yes | Yes
Alkalimirv. Haraness & pH Yes [ Yes | Yes | Yes | Yes | Yes | Yes
Sediment Seniling Veiocity Dist. - Ve, Yes | Yes | Yes | Yes | Yes | Yes | Yes
Type & 11 vor | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Inlet & Qutlet dimensions & details 'Yes | Yes | Yes | Yes | Yes | Yes | Yes
Soiar Raaianon s Yes | NO | Yes | Yes ! No | No | No
Volume of Permanent Pool - V, Yes | NO | Yes | NO | Yas | Yes | NO
Perm. Pool Surtace Area - A, Yes | NO | Yes | NO | Yes | Yes | No
Littoral Zone Surtace Area - 4, Yes | NO | No | No No [ No | No
Length of Permanent Pool - L, Yes | NO | Yes | NO | Yes | Yes | No
Detenuon (or Surcharge) Vol. - ¥, Yes | Yes | Yes | NO | Yes | Yes | Yes
Detenuon Basin's Surtace Aréa - A, | Yes [ Yes | Yes | NO | Yes | Yes | Yes
Length of Detention Basin - L,y Yes | Yes | Yes | NO | Yes : Yes | Yes
Bnm-rull Emptving. Time - Tr Yes | Yes | Yes | NO | Yes | Yes | Yes
Y2 Bnm-tull Emptving Time - Tj o Yes | Yes | Yes | NO | Yes | Yes | Yes
Bortom Stace Volume - Vy NOo | Yes| No : No | No | No | No
Bortom Stage Surface Area - A, | NO | Yesi No | NO 1 No | No | No
Forebav Volume - ¢ Yes | Yes | Yes | NO | Yes | Yes | Yes
Forebay Length - L« Yes [ Yes | Yes | NO | Yes | Yes | Yes
Wetland Type. Rock Filter Present? NO | NO | Yes ' Yes | No | No | No
% of Wetland Surtace at Py ; & PqsDepnths | NO | NO | Yes | Yes | No i No | No
Meagow Wetland Surtace Area - Ay, | NO | NO | Yes ' Yes | NO i No | NoO
Plant Soecies and Age ot Facility | Yes | Yes ! Yes ' Yes | No + No | No
2-vear Flood Peak Vercity | NO | NO | NO | Yes | No Yes | NO
Dentn to crounawater ,r impermeable laver| NO ' Yes | Yes | No | No NO i Yes
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Use of Sediment and Biological Monitoring to Evaluate Stormwater Discharges
Eric H. Livingston', Ellen McCarron, Thomas Seal and Gail Sloane
ABSTRACT

Assessing the environmental effects of stormwater discharges presents many new and
complex challenges. Unlike traditional point sources of pollution, these discharges
are intermittent, creating temporally and spatially variable shock loadings to receiving
waters. Consequently, traditional assessment techniques which rely solely upon
sampling and characterization of the water column are ineffective in determining the
environmental effects of stormwater discharges. This paper will discuss the need and
rationale for alternative sampling and assessment procedures that provide a more
ecologically-based manner of determining the environmental effects of stormwater
discharges. Activities undertaken by the Florida Department of F_nvuonmemal
Protection in the past few years to develop biological community assessment and
coastal sediment monitoring tools to evaluate stormwater discharges: will be
summarized. The development and use of a coastal and estuarine sediment
assessment tool, based on the relationship between sediment aluminum and metal
concentrations, will be reviewed. Similarly, the steps taken to develop and
implement a riverine biological community assessment tool, based on cornpansons
between impacted sites and ecoregion reference sites, are reviewed.

INTRODUCTION ;
During the late 1970s, stormwater and other nonpoint sources (NPS) of pollution
were identified as major contributors to the degradation of Florida’s surface and
ground water resources. To minimize stormwater pollutant loadings ischarged from
new land use activities, the Florida Environmental Regulation Commission adopted
a satewide stormwater treatment regulation in February 1982. This rule,
implemented cooperatively by the state’s Department of Environmental Protection and
five regional water management districts, establishes permitting procedures and, for
various types of stormwater management practices, design criteria presumed to
achieve a specified treatment level. This rule is one of numerous statutes and

! Stormwater/NPS Management Section, Florida Dept. of Environmental Protection,
2600 Blair Stone Rd, Tallahassee, FL 32399-2400
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regulations that have been implemented during the past 20 years to minimize the
detrimental environmental effects associated with the state’s extremely rapid growth.
Collectively, the individual laws and programs enacted during this period can be
considered “Florida's Watershed Management Program® (Livingston, 1993).

An essential component of this watershed management program is monitoring, to

evaluate environmental conditions and the program’s environmental benefits. In the

past, water quality management actions focused on traditional point sources of

pollution, such as domestic or industrial wastewater discharges, making monitoring

and evaluation relatively easy. These point sources typically discharge effluents of

uniform, known quality at continuous design flows, making them relatvely easy to

assess, model and control. Point source assessments generally have relied almost

solely upon water column chemistry monitoring. On the other hand, stormwater and

other nonpoint sources of pollution, because of their intermittent, diffuse, land use

specific nature, are highly variable in effluent quality and environmental effects. Of

particular environmental concern is the cumulative impact on a water body from the

numerous stormwater/nonpoint sources within a watershed. Traditional water quality

monitoring and management efforts generally suffer from several deficiencies in

understanding and managing stormwater/NPS pollution. These deficiencies include

difficulty in:

1. Assessing intermittent, shock loadings of pollutants.

2. Assessing cumulative impacts of multiple sources.

3. Comparing water bodies and establishing priorities for management actions.

4. Distinguishing actual 6r potential problems from perceived problems.

5. Discriminating anthropogenic loadings from natural watershed loadings of merals
and nutrients. )

6. Establishing cost-effective ways to assess pollution trends and understand overall
watershed pollution.

Most stormwater pollutants accumulate over time in sediments, not the water column.
Therefore, assessment methods to determine the cumulative effects of watershed
stormwater/NPS pollution sources on aquatic systems or to evaluate the effectiveness
of management programs should include evaluation of sediments and the organisms
that reside there and in other aquatic habitats. This paper will review the
development and implemeéntation of sediment and biological monitoring protocols in
Florida which are being used to improve evaluation and management of stormwater
and other intermittent pollution sources, along with traditionai point sources.

ASSESSING SEDIMENT CONTAMINATION

Sediment quality is a sensitive indicator of overall environmental quality. Sediments
influence the environmental fate of many toxic and bicaccumulative substances in
aquatic ecosystems. Sediments tend to integrate contaminant concentrations over ime
and may represent long-term sources of conamination. Specifically, sediment quality
is important because many toxic contaminants found in only trace amounts in water
can accumulate to elevated levels in sediments. Sediment-associated contaminants
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can also directly affect benthic and other sediment-associated organisms. In addition
to the physical and chemical relationships between sediments and contaminants,
sediments provide benthic and pelagic communities suitable habitats for essential
biological processes (e.g. spawning, incubation, rearing, etc.).

Sediments provide an essential link between chemical and biological processes. By
undersanding this link, environmental scientsts can develop assessment tools and
conduct monitoring programs to more rapidly and accurately evaluate the health of
aquatic systems. Therefore, sediment quality data provide essental information for
evaluating ambient environmental quality conditions in water bodies. Additionally,
information about the amount and quality of sediments within stormwater systems,
stormsewers and other stormwater conveyances can help trace pollution sources,
prioritize areas for implementing control measures, and help to assure proper disposal
of accumulated sediments.

Assessing sediments to determine whether stormwater pollutants are causing or

contributing to ecological problems within a water body has not been done very

often. Consequently, only recently have standard sediment assessment procedures

been developed. Before sediments can be reliably used to assess the effects of

pollutants on aquatic systems, three fundamental sediment monitoring issues must be

addressed: X

® accurate, reliable sediment sampling and laboratory analysis techniques.

® interpretive techniques to determine whether materials ("pollutants®, especially
metals) found in sediments are natural or anthropogenic (from human activites).

® sediment quality assessment guidelines correlating sediment “pollutant®
concentrations with biological effects. These are needed to assess whether
sediment materials are potentially available to retym to the water column or
through food chains in amounts likely to adversely affect water quality and living
resources. .

WW

Florida has an extensive coastline (approximately 11,000 miles) and an unusual
diversity of estuarine types. Conditions in its many eswaries range from nearly
pristine to localized severe degradation. Metals are of particular concemn in terms
of protecting and rehabilitating estuaries because of their potential toxic effects and
because high metal concentrations can signal the presence of other types of pollution.
Natural metal concentrations can vary widely among Florida estuaries presenting
special difficulties in comparing estuarine systems statewide and in making consistent,
scientifically defensible management decisions.

In the past, determining whether estuarine and coastal sediments were
anthropogenically enriched with metals was a difficult process requiring
comprehensive site-specific assessments. [n 1983, staff from the Department’s Office
of Coastal Zone Management, in association with Dr. Herb Windom of the Skidaway
Institute of Oceanography, began a nearly decade long effort to develop a practical
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approach for assessing metals contamination in coastal sediments. Projects

undertaken include:

1. The Deep Water Ports Project, a survey of sediment quality in eleven major ports
around the state, performed in 1983-84.

2. The Statewide Survey of Clean Reference Sites, a survey of sediment quality in
many relatvely isolated, unimpacted locations around the state, done between
1986 and 1991.

3. Ongoing surveys, some in conjunction with the National Atmospheric and
Oceanic Administration, initated in 1985 to survey sediment quality in estuaries
throughout Florida.

From these projects an assessment procedure was developed which relies on

normalization of metal concentrations to a reference clement. In Florida,

normalization of metal concentrations to aluminum concentrations in estuarine

sediments provided the most promising method of comparing metal levels regionally.

Other élements such as iron or lithium can also be used as normalizing elements for

assessifg estuarine and marine sediments. Development of this sediment assessment

procedure required three components of monitoring to be addressed:

1. Refinement of sediment sampling protocols and laboratory analytical techniques
to agsure that sediment data is accurate and comparable.

2. Development of an interpretive technique to determine whether sediment materials
are naturally occurring or from anthropogenic sources within a watershed.

3. Development of sediment quality assessment guidelines to help determine whether
sediment bound pollutants are harmful to the environment.

I
.

Pact 1. Collection of Sediment Sampi

To ensure that the information used to develop the interpretive tool represented the
diverse Florida sediments, uncontaminated sediments from around the state were
examined for their metal content and the natural variability of metal/aluminum
relationships was statistically assessed (FDER, 1988). Sediment samples from 103
stations in uncontaminated estuarine/coastal areas were collected and analyzed for
aluminum and other environmentally and geochemically important metals. The areas
sampled encompassed various sediment types ranging from terrigenous,
alumindsilicate-rich sediments in northemm Florida to biogenic, carbonate-rich
sediments in southern Florida. These "clean” sites were selected subjectively, based
upon their remoteness from known or suspected anthropogenic metal sources.

The following sampling procedures were developed and refined into a standard

protocol:

1. Prior to field sampling, station locations were determined after studying local
watershed information (land use, drainage patterns and systems, water depths,
potential sediment deposition areas), navigation charts, and meeting with local
government staff.

2. Stations were located using LORAN-C by latitude and longitude, compass
bearings, and cross referenced to navigational charts. In 1991, the standard field
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protocol was changed and Global Positioning System (GPS) is now used to locate

stations.

3. Upon arrival at the station, the boat was anchored and engines shut off. The
locadon, time, date, weather conditions, and compass bearings (and GPS
location) were recorded in a station log notebook along with water column
pliysical parameters taken at the surtace, mid-depth, and bottom.

4. Sediments were collected in replicate from the boat using a stainless 9X9°
PONAR grab sampler. The grab was suspended from a hoist, acid washed and
rinsed with deionized water before use, and rinsed with ambient water between
grabs. A 10% HCI solution was used to acid rinse ail utensils, the sampling
grab, and sparulas used to process samples. Once the sampler was retrieved, it
was carefully emptied into a clean, acid washed and rinsed tub. The top two ¢cm
of sediment were scooped from the top of the grab. Repeated grabs were made
at the same site untl enough material was collected for all analyses.

5. Sediments were collected by using sediment coring tubes at stations where the
water was oo shallow for the boat, or where sensitive habitats (sea grass beds,
corals) precluded use of the grab sampler. Acid washed and rinsed clear
cellulose-acetate-butyrate core tubes with caps were used for each sample, with
three replicate samples collected at each station. Core tubes were plunged into
the sediment and the top capped. A diver retrieved the core tube by displacing
the sediment around the core, putting on the bottom cap, and lifting the core
tube. Cores were taken to the boat where they were transterred into containers
using an acid washed extruding tool. The top 3-5 ¢m of the cores were packed
in the collecting jar. Each replicate sample was a composite of the three cores.

6. Samples were transferred to glass jars or whirlpaks which have been precleaned
to meet EPA specifications for organic and inorganic materials. Sample
containers were labeled, then placed on ice.

7. Since 1991, several changes have been made to the FDEP standard field protocol
including:

a. A 12"X12" Kynar coated stainless steel "Young® grab is used to collect
sediment. It is deployed in a similar fashion as the PONAR.

b. In addition to acid washing, full strength acetone is used to rinse all gear prior
to sampling and between all statons. This volatilizes any organic
contaminants that might be on the sampler.

¢. The top two centimeters of sediment are scooped from the top of the sampler
with an acetone rinsed sterile scoop. The sediment is then transferred to a
stainless container, and homogenized using an acid washed, acetone rinsed,
long handled stainless scoop.

Part 2 T

From 1982 to 1990, all FDEP sediment samples were analyzed by Savannah
Laboratories and Environmental Services, Inc. (SLES) in Savannah, Georgia. From
1990 o the present, the Skidaway Institute of Oceanography (SIO) in Savannah
analyzed sediments. Physical characteristics, such as grain size and percent organic
matter, were determined for sediment samples which were then analyzed for nine
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metals (aluminum, arsenic, cadmium, chromium, copper, mercury, nickel, lead,
zinc). Except for mercury, SLES analyzed metals using graphite fumace or flame
atomic absorption spectrometer and analyzed organic compounds using gas
chromatographic techniques. SIO analyzed metals by ICP (inductively-coupled
plasma) mass spectrometry or by atomic absorption spectrometry.

Before analysis for metals, particular care was taken to totally digest the sediment
samples using hydrofluoric, nitric, and perchloric acids as required by the project
quality assurance plan. Total digestion of the sediment sample is essential when
using the sediment assessment tool because of its normalization method to estimate
metal contamination. Total digestion is strongly encouraged to produce comparable
date for general environmental and trend monitoring of pollutants. FDEP conducted
a laboratory intercalibration exercise, in which four laboratories participated, to
assess the accuracy and precision of reported metals data from coastal sediments and
from spdiment reference materials (Schropp, 1992). Results of this exercise and an
international intercalibration exercise (Loring and Rantala, 1988) both showed that
sediment trace metal data from different laboratories may not be comparable if
different sample digestion techniques are used.

Pant 3. Distinguishine Natural | ically Enriched Sedi

Once methods to reliably and accurately collect and analyze sediment samples were
refined, the next step was to develop an interpretive tool to determine whether metals
in sediments were natural or from human activities. To understand this assessment
tool, one must generally understand the geochemical processes that govern the
behavior and fate of metals in estarine and marine waters. Natural estuarine
sediments are predominantly composed of river-transported debris resulting from
continental weathering. The solid debris is composed chiefly of chemically resistant
minerals, such as quartz and clay minerals, which are the alteration products of other
aluminosilicate minerals. The weathering solution also contains dissolved metals
leached from the parent rock. Because of their low solubilities, however, the
transparting solution (e.g., rivers) carries low amounts of metals. Most metals
transported by rivers are tightly bound in the aluminosilicate solid phases. As a
consequence, weathering causes little fractionation between the naturally occurring
metals and aluminum.

In general, when dissolved metals from natural or anthropogenic sources come in
contact with saline water, they quickly adsorb to particulate matter and are removed
from the water column to bottom sediments. Thus, metals from both natural and
anthropogenic sources are ultimately concentrated in estuarine sediments, not the
water column. Since much of the natural component of metals in estuarine sediments
is chemically bound in the aluminosilicate structure, the metals are generally
immobile. However, the adsorbed anthropogenic or "pollutant® component is more
loosely bound and may be more available to estuarine biota and may be released to
the water column when sediments are disturbed (e.g., by dredging or storms).
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The tool for interpreting metal concentrations in estuarine sediments is based on

demonstrated, naturally occurring relationships between metals and aluminum.

Specifically, natural metal/aluminum relationships were used to develop guidelines

to distinguish natural from contaminated sediments for several metals commonly

released to the environment from anthropogenic activities. Aluminum was chosen

as a reference clement to normalize sediment metals concentrations for several

reasons:

1. After silicon, it is the most abundant naturally occurring metal;

2. Itis highly refractory;

3. The relative proportions of metals and aluminum in crustal materials are fairly
constant;

4. Its concentration is rarely influenced by anthropogenic sources.

Using the data from sediments collected and analyzed as part of the Statewide Survey
of Clean Reference Sites, a metal to aluminum normalization method was developed
(FDEP, 1988) At these sites, sediment metal concentrations are generally-expected
to express natural relationships with aluminum. Eight metals (As, Cd, Cr, Cu, Hg,
Pb, Ni, and Zn) were tested to determine their relationship to aluminum with a set
of graphical tools developed to assess trace metal contamination in a sediment
sample. For example, Figure 1 shows that as aluminum concentrations in "clean®
sediments increase, metals concentrations, in this case lead, also increase. Least
squares regression analysis, using aluminum concentration as the independent variable
and the concentration of the other metal as the dependent variable, were performed
on log-transformed data and 95% prediction limits were calculated. Significant
correlations were obtained for arsenic, cadmium, copper, lead, nickel, and Zinc. The
plotted regression lines and prediction limits provide the basis for interpreting metal
. concentrations in sediments. .
To determine whether estuarine sediments are enriched with metals, a mean value of
each mewal (derived from replicate or triplicate samples) is calculated and points
representing corresponding metal and aluminum values are plotted (Figure'2). The
sediment is judged to be natural or metal enriched depending on where the points lie
relative to the regression lines and prediction limits. If a point falls within the
prediction limits, then the metal concentration is within the natural range. " If a point
falls above the upper prediction limit, then the sediment is considered to be metal-
enriched. Before concluding sediment “enrichment®, the accuracy of the analytical
results should be contirmed, since an unusual point can be indicative of procedural
errors.  Since the results are interpreted with respect to the 95% predicdon limit,
some points from “clean” stations may plot outside the prediction limit. The greater
the distance above the prediction limit, the greater degree of enrichment. An
enrichment factor, which is the ratio of the measured metal concentration to its
maximum expected concentration in natural sediments, can be calculated using the
following equation (FDEP, 1994): ' ’

t €
Matal SahinsnsEaguons ObservedMetalConcentration(ug/qg)

MaxExpectedNaturalMetalConc(ug/g)

7 Livingston

At s aaaal

LEAD (ug g")

0.1 +— . —
1000 10000

ALUMINUM (ug g™")
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Figure 2. Interpretation of Lead data using Pb/Al relationship.




lications of the [ ive Tool

The effectiveness and utility of this sediment assessment tool has been tested in a

variety of regional studies (Tampa Bay, Schropp et al., 1989; SE Atlantic and Gulf

coasts, Hanson and Evans, 1991: Louisiana, Pardue et al., 1992). The results of

these studies indicate that aluminosilicate minerals have a major influence on metal

concentrations in natural sediments. The interpretive tool using metal and aluminum

relationships allows results of sediment chemical analyses to be used for a variety of

environmental information needs:

1. Distinguishing natural versus enriched metals concentrations in coastal sediments.

2. Normalizing metals to a reference element allows comparisons of metal
concentrations among sites within a watershed.

3. Comparing investigative results from different watersheds. By normalizing metal

concentrations to aluminum, an assessment of relative metal enrichment levels can

be made, allowing watersheds to be ranked according to specific metal

enrichment problems.

Tracking the influence of a pollution source.

Monitoring trends in sediment metal concentrations over time.

Determining sediment sampling or analysis procedural or laboratory errors.

Screening sediment data to promote cost-effective use of elutriate or other

sediment quality tests.

rpl kel

Limitations of ive Toal (FDEI

Funding limitations in Florida have prevented the collection and analysis of sediment
samples from freshwater systems to evaluate if the tool can be used in those aquatic
systems. However, such sampling is underway in Washington and previously was
completed in Illinois. Use of this tool requires knowledge of local conditions and
applying professional judgement. Consider the following points when using this
interpretive tool:

1. The interpretive tool is useless without reliable dau. Results from single,
non-replicated samples should not be used. Ideally, sediment samples should be
collected in triplicate. If budget constraints dictate analysis of only duplicate
samples, the third sample should be archived. In the event of a disparity in the
results of replicate analyses, the archived sample should be retrieved and analyzed
to resolve the problem.

2. Sediment metals must be analyzed using techniques appropriate for saline
conditions and capable of providing adequate detection limits. Because
naturally-occurring aluminum and other metals are tightly bound within the
crystalline structure of sedimentary minerals, the metal analysis method must
include total digestion using HF, HNOQy, and HCIO, acids. If aluminum is not
completely released by a thorough digesdon, metal to aluminum ratios may
appear to be unusually high.

3. Natural concentratons of cadmium and mercury are very low and are near
normal analytical detection limits. Because of this, analytical precision and
accuracy are reduced and special care must be taken to obtain accurate laboratory
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results.

4. The dama set is, to the extent possible, representative of various types of natural
“clean” sediments found in Florida estuaries. Only in a few instances should
aluminum concentrations exceed 100,000 ppm (10% aluminum). Any samples
containing greater than 100,000 ppm aluminum should be examined carefully for
evidence of contamination or analytical error.

5. Interpretation of metal concentrations, using these mewml to aluminum
relationships, must also consider sediment grain size, mineralogy, coastal
hydrography, and proximity to sources of metals.

Pa 4. D ihine the Ecolosical Sienif ¢ Enriched Sedi
Sediment chemistry data alone do not provide an adequate basis to identify or manage
potential sediment quality problems. After determining that sediments are
anthropogenically enriched with pollutants, the next assessment step is to determine
whether these sediment-bound pollutants are harmiul to the environment.
Biologically-based numerical sediment quality assessment guidelines (SQAGs) also
are required to interpret the ecological significance of sediment chemistry data by
pmvxd.\ng a basis for assessing the potental effects of sedlmem-assocwed
contaminants,

Manqfnald (1993) reviews the variety of approaches which have been devised to
formulate sediment quality guidelines (SQGs). A suitable strategy for deriving
SQAG; for Florida must recognize the limitations of the existing database to evaluate
the potential biological effects of sediment-associated contaminants. Therefore, the
strategy must address both the immediate requirement for defensible SQAGs and the
long-term requirement for increased reliability and applicability of these guidelines
(i.e., guidelines that account for the environmental characteristics that influence the
bioavailability of sediment-associated contaminants).

To develop a tool to assess the potential ecological effects of sediment based
contaminants, the FDEP, in association with MacDonald Environmental Sciences,
reviewed eight approaches to derive sediment quality assessment guidelines that
would be applicable to Florida coastal conditions and appropriate for the state's
specifi¢ needs. Several criteria were established to objectively evaluate the
approaches and select a relevant strategy to derive these guidelines. The primary
considerations in selecting the recommended strategy were practcality,
cost-effectiveness, scientific defensibility, and broad applicability 10 sediment quality
assessment. This review indicated that each of the approaches has deficiencies that
limit its direct application in Florida. For this reason, an integrated strategy for
deriving numerical SQAGs was recommended for the state of Florida (MacDonald,
1993). This strategy provides relevant near term assessment tools and a basis to
refine these guidelines as the necessary data become available,

Using the recommended approach, numerical SQAGs have been developed for 25
priority contaminants in Florida coastal waters (MacDonald, 1993) using a
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modification of the NOAA's National Status and Trends Program Approach (Long
and Morgan, 1990). These guidelines, derived from numerous investigations of
sediment quality conducted throughout North America, are based on a weight-of—
evidence linking contaminant concentrations and adverse biological effects. In this
respect, the guidelines represent a cost-effective response to a practical need for
assessment tools. However, these guidelines are preliminary and will likely be
refined with results from field validation and other related studies now underway in
Florida and elsewhere in North America. The guidelines should be used with other
interpretive tools to conduct comprehensive and reliable assessments.

Effects-based SQAGs provide a basis to assess the potential for biological effects
associated with various contaminant concentrations. MacDonald (1993) derived no
observed effects levels (NOELs) and probable effects levels (PELs) to define three
ranges of contaminant concentrations: the probable effects range, the possnble effects
range, and the no effects range.

The probable effects range is the concentration range of specific  sediment
contaminants within which biological effects are usually or always observed (probable
effects range 2 PEL). Sediments with contaminant concentrations within the
probable effects range represent significant and immediate hazards to exposed
organisms. Sites with concentrations of one or more contaminants that fall within the
probable effects range should be given the highest priority in implementing sediment
quality management options. However, direct biological assessment is required at
these sites to determine the nature and extent of effects that could be manjfested.

The possible effects range is the concentration range of a specific sediment
contaminant with uncertain adverse biological effects (NOEL < possible effects
range < PEL). This range is likely to be dependent on factors,’ such as
bioavailability, that may influence the toxicity of the substance. Sediment-3ssociated
contaminants represent potential hazards to exposed organisms when concentrations
fall within this range. Sediments with contaminant concentrations within this range
require further .assessment to determine the biological significance of the
contamination. In general, further assessment would be supported by biological tests
designed to evaluate the biological significance of sediment-associated contaminants
to key species of aquatic biota.

The no effects range of sediment contaminant concentrations where biological effects
are narely or never observed (no effects range < NOEL). Sediments with
concentrations of contaminants within the no effects range are considered to be of
acceptable quality for those contaminants. In general, further investigations of
sediment quality conditions within this range are relatively lower priority. However,
biological testing may be required to validate the results of the initial assessment of
the potential for adverse biological effects, particularly in sediments with low levels
of total organic carbon, acid volatile sulfide, and/or other variables that could
influence the bicavailability of sediment-associated contaminants.
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MacDonald (1993) developed a framework for the Florida Department of
Environmental Protection for future use of sediment quality assessment guidelines and
related tools. This framework, which identifies essential considerations to address
in conducting site-specific sediment quality assessment programs, consists of:

1. Collect Historical Land and Water Use Information
® Land uses - current and historical; industrial, commercial
® Infrastructure including stormwater systems
® Pollution sources - point and nonpoint
® Hydrology, physiography, ecology
2. Collect and Evaluate Existing Sediment Chemistry Data
® Sediment deposition location, patterns, transport,
® Sediment physical and chemical characteristics
® Temporal and spatial variability, vertically and horizontally
® Determine data reliability, acceptability, applicability
3. Collect Supplemental Sediment Chemistry Data
® Determine contaminants, sampling locations
® Delineate temporal and spatial variability in sediment contamination
® Prepare and follow QA Plan for sampling, handling, and analysis protocols
4. Conduct Preliminary . Assessment of the Potential for Biological Effects of
Sediment-Associated Contaminants
® Compare sediment contaminant concentrations to SQAGs
S. Evaluate Natural versus Anthropogenic Sources of Sediment-Associated
Contaminants
@ Determine sources using the previously described sediment assessment
procedure
6. Conduct Biological Amment of Sediment Quality
® Determine whole sediment toxicity
@ Conduct short-term bioassays, long-term microcosm studies, etc.
® Develop site-specific SQAGs
® Conduct biological community assessments
7. Implement Management of Sediment Quality
® Evaluation factors. include nature and severity of sediment contamination,
potential for exposure of aquatic life, site or regional management goals,
availability of remediation technology, costs, and public expectations.
® Actions may range from none to continued monitoring to remedial actions
such as removal and treatment of sediment contaminants or source control
implementation.

This framework is designed to provide a consistent approach to assessing sediment
quality in marine and estuarine areas. However, the framework is not intended to
replace accepted sediment testing protocols such as developed for the ocean disposal
of dredged material. Instead, it is intended to provide general guidance to support
the sediment quality assessment process.
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The sediment quality assessment strategy provides a consistent basis to evaluate
sediment quality in Florida. While the SQAGs represent an integral element of this
strategy, they should be used with other assessment tools to efficiently and
cost-effectively evaluate ambient sediment quality conditions. In this context, these
SQAGSs may be used to:

® Interpret the results of sediment quality monitoring data to assess the potential
adverse biological effects associated with concentrations of sediment-associated
contaminants.

@ Support the design of sediment quality monitoring programs by evaluating existing
sediment chemistry data to rank areas and chemicals of concern allowing
monitoring priorities to be more clearly and effectively identified.

® Identify the need for site-specific investigations to support regulatory or watershed
management decisions, including source controls and the siting of regional
stormwater management systems.

® Evaluate the hazards associated with increased levels of contaminants at specific
sites.

® Facilitate multijurisdictional agreements on sediment quality issues and concerns
by establishing site-specific sediment quality objectives that help define the
responsibilities of various levels of government in preventing and remediating
sediment contamination.

These guidelines were established to provide a conmsistent basis for evaluating
estuarine sediment quality in Florida. However, these guidelines are preliminary and,
as such, have cerain limitations on their application. Therefore, SQAGs:

@ Are applicable to marine and estuarine waters only, not to freshwater systems.

@ Should not be used in lieu of water quality criteria. However, they may be used
to evaluate the effectiveness of regulatory programs and identify the need for more
stringent regulations.

@ Should not be used to define uniform values for sedxmem quality on a statewide
basis (i.c., they should not be used as sediment quality criteria). Ambient
environmental conditions may influence the applicability of these guidelines at
specific locations;

® Should not be used as criteria for the disposal of dredged material and should not
replace formal assessment protocols established for disposal of dredged material.

® Should not be used directly as numerical clean-up levels at severely contaminated
sites (e.g., Superfund sites).

® Arc designed to determine the potential for sediment-associated contaminants to
induce biological effects. Direct cause and effect relationships should not be
inferred when comparing chemical data to the recommended guidelines.

® Have been derived primarily from acute toxicity study results. Few data are
available on the chronic responses of aquanc organisms to contaminants associated
with sediments.

® Should be used with other assessment tools and protocols, such as the FDEP
metals interpretive tool and the Green Book (EPA and ACE, 1991), to provide
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comprehensive evaluations of sediment quality.

® Were developed using information from various North American locations. These
data may not be representative of the wide range of Florida sediment types. For
this reason, caution should be exercised in using these guidelines, particularly in
carbonate-dominated sediments in southem Florida.

5. Usi Sedi Tool

MacDonald (1993) stresses the importance of combining the effects-based guidelines
and the metals interpretive tool. MacDonald examines data on levels of sediment-
associated lead from two geochemically distinct systems, Biscayne Bay and
Apalachicola Bay, to illustrate the integrated sediment qualiry assessment framework.
Figure 3 shows a summary of the available data (FDEP, 1994) on the levels of
sediment-associated lead in the Miami. area. The data, sorted by increasing
concentration, were assigned sample numbers of 1 to 108. Evaluation using the
SQAGs suggests that approximately 15% of the samples fall within the probable
effects concentration range (exceed the PEL of 160 mg/kg). Another 20% of the
samples fall within the possible effects range (between the NOEL and the PEL).
Therefore, comparing sediment chemistry data with the numerical SQAGs suggests
a relatively high probability of observing adverse biological effects. Further
examination of these data using the metals interpretive tool (Figure 4) demonstrates
that sediments from this area are clearly anthropogenically-enriched with lead.
Roughly 90% of the samples exceed the 95% prediction limits established for clean
sites. Concordance berween the effects-based tool and the geochemically-based tool
suggests that the Miami area should be a priority area for further investigations to
evaluate sediment toxicity.

In Apalachicola Bay, roughly 20% of the samples had lead levels that exceeded the
NOEL of 21 mg/kg (Figure 5). Comparison of the ambient lead levels in
Apalachicola Bay with SQAGs suggests possible adverse biological effects at a
significant number of sites. However, further evaluation using the metals interpretive
tool indicates that aluminum-normalized lead level in Apalachicola Bay sediments is
indicative of those measured in clean sediments in Florida (Figure 6). While the
effects-based tool predicts the possibility of adverse effects at some sites, the
geochemical tool demonstrates that lead concentration in Apalachicola Bay are
naturally-occurring and, as such, should not be considered hazardous to aquatic
organisms. This system does not require further investigations to evaluate the extent
of sediment toxicity.

In 1994, the Sediment Research Group of FDEP released the Florida Coastal
Sediment Contaminarus Atlas, which describes the spatial extent of sediment
contamination in Florida's coastal waterbodies. The Arlas presents the results of the
previously mentioned FDEP coastal sediment surveys. In addition, the Atlas has
been strengthened by inclusion of sediment data from the NOAA National Status and
Trends Program, as well as sediment data produced by the Mote Marine Laboratory,
an independent marine research facility located in Sarasota, Florida. The Arlas
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Figure 3. Conc. of Pb in sediments of Biscayne Bay.
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Figure 4. Alum. normalized conc of Pb in Biscayne Bay sediments.
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Figure 5. Conc. of Pb. in sediments of Apalachicola Bay.
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includes information on the eight metals and five classes of organic compounds -
chlorinated hydrocarbons, polynuclear aromatic hydrocarbons (PAHs),
polychlorinated  biphenyls (PCBs), phenolic hydrocarbons, and aliphatic
hydrocarbons. A Technical Volume accompanies this Arlas and provides ancillary
information for users of this document.

Although the Department was not able to fully assess sediment contamination along
Florida's extensive coastline, it appears that the highest concentrations of
contaminants in sediments are generally near urban centers. However, low to
moderate levels of contaminants are common adjacent to many less developed coastal
areas. Stormwater runoff appears to be the major cause of contamination of sites
identified in the Arlas. Regional monitoring of contaminants in living resources and
sediments, followed by sediment toxicity studies, is strongly recommended to keep
a finger on the pulse of Florida's freshwater and marine ecosystems.

BIOLOGICAL COMMUNITY MONITORING

Since enactment of the Federal Clean Water Act, most efforts to preserve, maintain
and restore water quality have relied upon and been directed by chemical and
physical measurements of the water column. While this approach may be useful in
assessing the effects of continuous point discharges, such as domestic or industrial
wasiewaters, it cannot accurately determine environmental impairments from
intermittent sources such as stormwater or other nonpoint source discharges.

Intermittent discharges create shock loadings to a water body with the' ecological
effects depending on complex interactions of many variables. Moreover, most
stormwater pollutants become attached to sediment particles or settle quickly, exerting
detrimental effects over a long period. Furthermore, stormwater discharges degrade
habitat (eg, channel and bank erosion) and cause tremendous siltation,: neither of
which are detected by water chemistry sampling. Karr et. al. (1986) group
environmental factors affecting most aquatic ecosystems into five major classes:
chemical variables, biotic interactions, flow regime, habitat structure, and energy
source. These factors interact to determine the integrity of water resources reflected
by the resident aquatic life. Alterations to the physical, chemical, or biological
process can adversely affect the aquatic biota and, therefore, the biological integrity
of the water body. Monitoring methods integrating all five classes are necessary to
accurately assess and manage surface water quality and aquatic life resources.

Inclusion of biological community monitoring allows a more holistic, systems
approach that greatly enhances surface water quality assessment and management.
While chemical data reflect short-term conditions that exist when a particular sample
is collected, biological communities accurately indicate overall environmental health
because they continuously inhabit receiving waters where they integrate a variety of
environmental influences - chemical, physical and biological.

Biological assessment involves an integrated analysis of functional and structural
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components of aquatic communities. Bioassessments are best used to detect aquatic
life impairments and assess their relative severity. Once an impairment is detected,
additional chemical and biological toxicity testing can identify the causative agent and
its source. Both biological and chemical methods play critical roles in successful
pollution control and environmental management programs. They are

complementary, not mutually exclusive, approaches that enhance overall program
effectiveness.

Some advantages of bioassessments are:

1. Biological communities reflect overall ecological integrity (chemical, physical
and biological).

2. Over time, biological communities integrate the effects of different stressors,
providing a measure of fluctuating environmental conditions.

3. By integratng responses to highly variable pollutant inputs, biological
communities provide a practical approach for monitoring stormwater/nonpoint
source impacts and the effectiveness of best management practices.

4. Routine monitoring of biological communities can be relatively inexpensive,
particularly when compared to the cost of assessing toxic substances.

5. The public is very interested in the status of biological communities as a measure
of environmental health.

6. Biological communities offer a practical way to evaluate the habitat degradation
typically associated with stormwater discharges.

Although the principal goal of the Federal Clean Water Act is to restore and maintain
the chemical, physical .and biological integrity of the nation's water resources,
difficulties in defining an ecological approach to assessing biotic integrity has led
regulatory agencies to rely primarily on chemical measurements. However, Karr and
Dudley (1981) define biotic integrity as “the ability of an aquatic ecosystem to
support and maintain a balanced, integrated, adaptive community of organisms having
a species composition, diversity and functional organization comparable to that of the
natural habitats within a region®. This practical definition is based on measurable
characteristics of aquatic communities and comparisons to a regional reference site
thus providing a framework for bioassessments.

Recent advances in computer technology and, more importantly, in biological
community assessment techniques makes biocassessments more practical. These
advances include geographic informaton systems (GIS) and available digitized data
bases, refined laboratory and field methods, development of standard assessment
techniques, a practical and useful definition of biological integrity, and the regional
reference site concept. These advances provide a framework to incorporate
biological community assessments and "biocriteria® into surface water management
programs.
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