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10:00 pm -11:00 pm

3. ''Monitoring the Effectiveness of Structural BMPs"
George Oswald
Camp, Dresser & McKee, Inc.;
Richard Mattison
I<innetic Laboratories, Inc.

Social Hour (cash bar)
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Sunday,August7,1994

3:00 pm - 6:00 pm

6:00 pm - 8:00 pm

8:00 pm - 9:00 pm

Registration

Dinner

Opening Reception



Monda

7:00 am-

8:45 am

9:00 am - oon

Noon -1'

pm

pm

pm

Breakfast Buffet

Welcome
Ben Urbonas, Conference Chair
and
Jonathan Jones, Clair, Urban Water Resources Research Council

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 Ccr
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

Lunch

Ad hoc sessions and/or free time

Social Hour (cash bar)

Dinner

SESSION U: LOCATING ILUQT CONNECTIONS
Co-Chairs: Jon Sorensen and Jim Wulliman, Ch2MHill

1. Locating Inappropriate Discharges to Storm Drains
Robert Pitt & Malinda Lalor
University of Alabama at Binningham;
Richard Field
US. EPA;
Edward Thackston
Vanderbilt University
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Monday, August 8, 1994 (continued)
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10:00 pm - 11:00 pm

2. Finding IDidt Connections and Disclwges with P2IL
John D. Minor
Oty of Scarborough. Ontario, Canada

3. Panel of Experts Discussion on Dliclt Connections
Moderator: Richard Field
US. EPA, Stonnwater Research Group

Social Hour (cash bar)



Noon -1:30 pm

1:30 pm - 3:00 P

t 9 1994

Breakfast Buffet

SESSION m: SYSTEM RUNOFF OIARACTERIZATION
Session Chair: Marshall Jennings
US. Geological Survey

1. NPDES Monitoring - Atlanta, Georgb Region
Michael Thomas
Atlanta Regional Commission;
SCott McCe11and
Camp, Dresser & McKee, Inc.

2. NPDES Monitoring • DanasFt·W~ 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 NPDE5 Monitoring in Santa Clara County
Keith Whitman and David Drury
Santa Oara Valley Water District;
Peter Mangarella, Teny Cooke, Chow Lee and Revital Katznelson
Woodward-Clyde Consultants

Lunch

POSTER SESSION ON STORMWATER AND ITS MONITORING
Session .Chair: WaY.Jle Huber

L "COOT Highway Stormwater Runoff Monitoring Results"
Philipp Sieber
Colorado OOT

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

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

4. ''Low Cost Automatic Stormwater Samplet'
Lynn A. Dudley
Vortex Co., Oaremont, California
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Tuesday, August 9, 1994 (continued)
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3:00 - 5:00 pm

5:00 pm - 6:00 pm

6:00 pm - 7:30 pm

7:30 pm - 10:00 pm

S. "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. 'Testidde Concentrations & Fluxes in an Urban Watershed"
Paul Wotzka
Minnesota Departmentt>f-Agricu1ture;- - -
J. Lee
Minnesota Parks &; Recreation Board;
P. Capel,
US. Geologic Survey
M.Un
University of Minnesota

8. ''The Use of Speclallnlet Devices, Filter Media and Filter Fabrics for the
Treatment of Stormwater"
Robert Pitt and Shirley Oark
University of Alabama at Binningham

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 Binningham

10. 'Totential Groundwater Contamination From Stormwater Infiltration"
Keith Parmer, Robert Pitt and Shirler.Qark

- University of Alabama at Biniliilgham;-­
Richard Field
US. Environmental Protection Agency

Ad hoc _sessions andLor nee time

Social Hour (cash bar)

Dinner

SESSION IV: NPDES COMPLIANCE MONITORING
Session Clair: John Warwick

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



Tuesdav. Auom 9 1994 (continued)

2. "Biological and Chemical Testing in Stormwater"
William T. Waller, Miguel Acevedo and Eric Morgan
Tennessee Technical University;
Kenneth Dickso~ James Kennedy and Larry Ammann
University of Texas at Dallas;
Joel Allen and Paul Keating
University of North Texas

3. ''Blaclcstone River Wet Weather Monitoring Initiative Experience"
Raymond Wright, Roy Chaudhury and Makam S.
University of Rhode Island

10:00 pm - 11:00 pm
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Wednesday August 10, 1994

7:00 am - 8:30 am SESSION V: POlleY & INSTITIJ110NAL ISSUES OF NPDES
MONITORING
Session Clair: L. SCott Tucker

L "An Industry's Perspective on Stormwater Monitoring"
Charles Beck
Coors Brewing Company

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

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 VI: WORK SESSION ON BMPMONITORING FOR DATA' .. '
TRANSFERABILITY
Session Chair: Ben Urbonas

1. ''Parameters. to Report_with BMP Data"
Ben Urbonas
Urban Drainage and Flood Control District, Denver, eo. .,

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

3. Group BrainstormingIDiscussion
Conference Participants

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



Noon -1:30 pm

5:00 pm - 6:00 P

Breakfast

SESSION Vll: MONITORING RECEIVING WATER TRENDS
Session Clair: Richard Homer

1. "Time-Scale Toxit' Effects in Aquatic Ecosystems"
Edwin Herricks
University of Dlinois at Ownpaign;
Ian Milne and Ian Johnson
Water Research Centre - Medmenham, United Kingdom;

2. ''Use of Sediment and Biological Monitoring"
Eric H: UvirtgsfOn, Ellen-M<.eamm; 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

Lunch

Ad hoc sessions and / or free time

Social Hour (cash bar>.. _. ..

Dinner

SESSION vnI: 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 Oifford Randall
OCCOQUAN Watershed Monitoring Laboratory
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Thursday, August 11,1994 (continued)
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10:00 pm - 11:00 Pm

3. ''Monitoring the Effectiveness of St:ructural BMPs"
George Oswald
Camp, Dresser & McKee, Inc.;
Richard Mattison
Kinnetic Laboratories, Inc.

Social Hour (cash bar)



9;{)() am - Noon

Noon

Breakfast Buffet

SESSION IX: CLOSING SESSION
Session Chair: Lany 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.-Roesner·' - " ..

4. Closing Comments and Adjournment
Chair: Ben Urbonas

Lunch
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~ondaYc~ugust8c 1994

SESSION I: OVERVIEW OF STORMWATER MONITORING NEEDS

L ''Trends in Monitoring for StOl'Jnwater"
Michael· B. Cook
Director ofU.S. EP~Office ofWastewater Management and Conference Co-Chair

2. American Public Works Point of View
Christine ~dersen
President, APW~ Institute for Water Resources and Conference Co-Chair

3. "Overview of Stormwater Monitoring Needs"
Dr. Larry Roesner
Chair, Task Force Committee for Preparation of Urban Stormwater Quality
~anagementManual;
Kelly Cave
Camp Dresser and McKee, Inc.

4. Non-U.S. Modeler's Point of View
.William James
University of Guelph, Ontario, Canada
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MONITORING NEEDS IN TilE NPDES STORM WATER PROGRAM ­
EPA'S POINT OF VIEW

June 1994
by

Michael D. Cook'. Kevin 1. Weiss!, and William F. SwietlikJ

INTRODUCTION

Traditionally, monitorinl requiremen15 under the National Pollutant Discharge
Elimination System (HPDES) prolram have emphasized analyzinl pollutan15 in ~ischarges

at the end the end of the pipe. However. EPA anticipates that a number of recent initiatives
will be chanlinl the direction of monitorinl in general and, when coupled with the
evolvinl needs of the storm water program. will result in more comprehensive; improyed
and bener Intelrated approaches to monitorinl storm water in the future.

OVERVIEW OF NEW INI11AlIVES

EPA Is partlcipatlnl in a number of initiatives that will shape and Improve the
Aleney's monitorinl and data collection effom. Five initiatives that will dIreCtly Impact
monitorinl In the NPDES storm water proaram include: .

the Interlovemmental Task Force on Monitorinl Water Quality (ITFM)
the EPA· National GOlls Project
the Office of Water- NPDES Watershed Strategy
the Office of Water environmental indicators project.
Ihe Office of Wastewater Management storm water environmental indicators
project.

Inttl'l!ovemmenfal Talk fORe on Monltodnl Water OuallfY flTIMl:

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

, Mr. Cook Is the DimtOf af the Office af WlStl!Wller MIIl'lement (OWM) II lhe Environmental
Ptotection Alency IEPA).

a Mr. Weill II a Chemleal Enlineer ..lth th. Storm Wiler Section In OWM II EPA.

I Mr. S..ledik In .h. Chid of the Storm Wiler Section In OWM II EPA.

problems associated with wlter-quality moniloring 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 rislt reduction and pollution
prevention. As environmental programs change to more holistic rislt·based approlches,
monitoring needs become more complex. with n~w emr.'·.,~is on:

Watershed. ecosystem and geographically based programs.
Biological resources, ecology and habitat,
Nonpoint source remediation programs,
Wetlands and coas15. and
Sediment quality.

The mission of the ITFM is 10 develop and Implement an integrated. voluntary,
nltionwide strategic plan that provides recommendations for achieving effective collection,
Interpretation, and presentation of water-quality data to improve the availability of
information for decision making It all levels of the government. The strategy was
developed in 1992'. The g011 of the strategy is to provide water-quality data that meet the
following four objectives:

I) define water quality status and trends;

2) identify existing and emerging water quality problems:

J) develop and Implement policies and programs for water.~source management
.' , antJ relUlatlon; and

4) evaluale water programs effectiveness.

The strotegy includes both 1 national committee 10 develop monitoring guidelines
and standards. and regional comillluees to tailor those guidelines to relionll needs and to
encourage Igency participltlon in the strategy. Tasks planned by the national committee
are shown in Tlble I. ProdUC15 that have been or are being developed by Ihe ITMF are
shown in Table 2.

• The ItTM II a fedenllJllleirrib.1 pennmhip ..lth ~Iallv" l'tom 70 I ....d" md ....mlnrionl.
ITMF member! Include: the Anny Co'1l' of Enlinfeft. Departm...t ar Enrru. Notionl' acemlc ..d
AlmoJpherlc Admlnlstnllon. Netlonll Ptrk S<rvlcc. Office of Monlsement and Dud.... r...nrtsee Valley
Authority. U.S. Oep"","mt of Apiculture. U.S. EPA. U.S. Fish ond Wlldllf. S""icrINatlonll Dlol"li",,1
Survey. U.S. Geololieal Survey, Arimna. California. Cotondo. Dela...,. River 8uin Commission. Florida.
New leney, Ohio. Pot.bOlaml Community, South ClIOlina. WlShinl'on, ond Wisconsin. The tlTM II

ch.lred by EPA. Itld the USGS I, vice ch.lr.

, See "Ambient Wller-Qullity Monitorinl In the United SIll" • Flm V.. Review. Ev.lulllnn, IIld
Rrcomm.....ion'·. IlTM. December 1991.

2
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Table 1 • Tuu 01 Ih. ITFM Nalllll1l\l Commillee

I. Oolv"lup, fur~ IIIOnilOrln. objCl:liv••• lilt ut '1UllIliulII 10 addrll$l luulll.

1. O"vdop QAlQC lUi"clinlll lor all 1Spcl:1I of lb. l&rllen.

l. Oevdop anII updll' • l:Ore lill uf ClIvlrolllDenul inIIiCilOn.

... Octenniae Ibe wmpaubilily ut 11,,1" IIld laborllory mClboib.

S. Develop IlIliaa Iclcellon lUidclinlll.

6. Pro_IC lIaIa Ibarla. amon. major infuOllllion IYIICIIII.

1. Id"nlify I"ormlllln.o' an,llIary dllil . -.oJ 10 ialerprCl waier-ljllaiily "ala.

•• Promo.. Ibo dcvclopmcal anII llIIldardiuaioa of dlll-aaalylb lotbniqulll•

,
9. Devclop uni""" I"ormau for reponln. wller-quailly Infonallion.

10. Develop IIld or.anile &ralnln, (or peraonnol of panlclplIlD, aaencilll.

. p' ..

Table 1 • PnHIuaa Deweloped IN' Bela, Developed b, lb. ITRI

ProdUd Dacripeloa

Naaional Cbaner A chaner (or • per1JIIIlCRI nIlionai body 10 lUido lb.
Implemenlllion ot lb. rrFM rccommendlliolll WIO
fill:lli&II. lianber wllaboralioo 0' Ibe lIIIlly F"""al, S&IIo,
Tribal. rl.ional, ioQI, prlvllo, W VOIUDwy
orlanluliolll Ibal are Involv"" In IIIOnilOrln•.

Moollorinl Fram"work A framework for monilOrln, wiler qu;alily which 1I"lio",
lb. l:OmpuncDl$ Ibaa • IIIOnllOrlo. pro.rllll ibould
l:OlIIkI" ill order 10 _. Ibll ja lIl:l:OmplilbOi III
obj0l.1Iv",.

InillCilOr SciCCIilIn Crll"i. Cril"l. wllb wbit;la 10 Idea paramcICQ 11111 _ •
pro.rOlI ill acblevinl waaer-qllaillY '0all.

Eavlronaieaw ....ICilOn rrFM rce:olll/QendaaioDi 0' Iadicaaon 10 IllCUIIR wbceb...
RecollllllClldlliona waaer-qualily III" dOli,nIlcd by lb. SIIlII are beln,IIIOl.

Melllodl bit Dill Comparabilily A chaner lOr a· Mlltbodl and Daaa ClJmparabilily €oullCii
COllncil Cbaner 10 foller III. dovclopmlllll IIld 11111 of pcrrol'lllalll:ll-bilcd

melllodl 01 wlllll:lioo IIld anaIYlb ill a _ wbll:b will
rOl1i11 In Ibo ao:qllbilioo IJ' "aaa of kooWD qua&!IY. Th.
Council will addrll$l $01IltI 01 Ibe bi••• obIIao:lOI 10
sbarin. dill amonllllOnilorla. a.enei", and orb" 111m.

Un 01 Eo;IJre.ioDi. Refer~ AD .aamlDllion of refcr_ l:OadllioDi II a I0OI In
Condlliona. IIld Iadea Calibraaion biolo.l~ II$ll$IlIICIII. and lb. III' 01 lb. tl:Oreliolll .

l:ORCIflI II a way 10 Ca&Clorlze landIcapCI on whidl
IllCUmenlS arc carried 0111.

Th"" prodllClS are ....cribed ill IIIOre dClail in ·Wller-Qllalily Monilorlnlla Ibe Unil"" SIIlCI·I99l
Ro:jllln 0' Ibe Inler'lJvemmenul Tllk Force on MonilOrin. Waaer Qualily,· ITFM. January 1994.
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EPA Nallonal Goal, Proled:

EPA i, in the procell of de\'eloping a set of broad environmental goal, for Ihe
Agency. The project', goal i' 10 produce. by Earth Day. April 22. 1995. a set of ambitioll!,
realistic and measurable environmental goai, to be achieved in the next century. A, part of
thi, effort. Ihe Agency has identified three goal, which relate to controlling pollutant
sources to surface water,: clean surface waters. safe drinking water. and ecological
protection. The Agency i' in the process of identifying measure, that can be used to
evaluate progress towards meeting these loal,.

In a complementary effort. the Office of Water issued a Stratelic Plan to provide a
framework for Ollice of Water loal, and measures of success. A key part of this plan are
a series of national environmental Boal' and environmental indicators. The plan also call,
for working closely with the States to put tOBether aCtion plans for reporting on these loal,
and indicators over time.

A, part of the plan. the Office of Water has establi'hed four major stratellc loal'
for water program,. 'hown In Figure I. Each loal contains one or more subgoal,:

• PROTECT AND ENHANCE PUBLI~ HEALm (meet desil!Jlllted uses)
~ .." -

Safe Drinking Water
Safe Fish and Shellfish Consumption
Safe Aquatic Recreation

• CONSERVE AND ENHANCE ECOSYSTEMS (meet deslanated uses)

Biololiclllly Healthy Water Resources

• IMPROVE AMBIENT CONDITIONS

Improved Surface Water Ambient Concentrations of Toxic and Conventional
Pollutants
Oround Waters Meet Water Quality Objectives
No Net Loss of Wetland, .
Extent of Contaminated Sediments i' Reduced

• REDUCE POLLUTANT LOADrNOS (point and nonpoint sources)

Reduced Toxic Pollutant Loading,
Reduced Conventional Pollutant toadlnl'

...

\
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The Office of Water is proposina 10 evaluate proarcss in mcelina Ihe aoals of Ihe
Slratellic: Plm by usina a number of environmental and proarammalic indicators. These
indicators. when adopted. will have a slrona influence on Ihe purpose. direction and types
of monilorina employed in Office of Water proararns in Ihe future. Recommended
preliminary indicalors for Ibe slrll1eaic aoals arc oul1ined in Table l. To complete Ibis
eCCon a sisnilicaDt amOURI oC work remains. includina:

De oms, of Water EOylronmen'al 104lca.oo Proled;

Eslllblish point source ambient monilorina requirements where appropriate 10
suppon ilSSCssment of watershed condilions; this action may provide, '
opponunilies for aroup monitorina plans for multiple discharges 10 Ihe same
basin. .

Develop a Slale-wide monitorina straleaY 10 assure &he mosl effective
targelina of limiled monilorina resources and c:oordinale colleclion and
analysis of NPDES. nonpoint source. and olher watershed data.

..

Promote c:omparable da.. colleclion, analysis. and ulilizalipn by ;"1
stakeholders (e.a, NPDES, 303(d), 304(1). 'lRd 319) through revisions 10

" 'ini.:.rmation collection and manaaemcnt systems (e.a., permit applicalions and
compliance monilorini, pes. TMDl development, lOS(b), NEP, STORET,
and waler body systems)

As the NPDES prollfaRl mllyes funhcr Iowards enibracina the watershed strateiY.
monilorina ill the NPDES storm \I.uce pr0IlfaRl, as in all NPDES prollf8lll areas, will need
10 evolve 10 be fully supponive.

One of the six essential areas identified in Ihe Watershed Slrateay is monilorina and
assessmenl. AClion ilems identified in Ihe StrateHY to suppon monilorina and ilSSCssmenl
include:

In March of 1994. EPA issued Ihe NPDES Watershed Slrateay. The SlraICaY is a
lim slep toward Ihe aoal of intearatinll Ihe NPDES proaram inlo a c:omprehensive. multi­
prollfam approach 10 addressina surlace waler. arOUR,1 ': :. :r. and habila! c:oncems on a
watershed basis. The NPDES Watershed Strateay outhn.:~ nalional objectives and
implemenuuion activities 10 (I) intearlue NPDES proaram functions inlo broader watershed
approaches; iUld (2) suppon the developmenl of Stale-wide basin managemenl approaches.
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• selecting indicaton that major participants can agree on.

• establishing a nationwide monitoring and data system that:

uses information from various sources to support management systems l'1d
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 availal!le resources
from many sources (EPA. other Federal agencies. States. utilities. etc.).

In liscal year 1995. EPA will be tnking two major steps towards implementing the
Office of Water Strategic Plan. The lirst step will be fundinS a series of State pilot projects
to test selected environmental indicators. Eight States' will be implemendns ·the pilot
projects. lastinS III to 24 months. usins Indicators from the list of 3J national indi':8tors
developed by EPA. The States will use the indicators to measure success towards reachins
the goals of protectins human health. conserving and cohanclns ecosystems. improving
ambient conditions. and reducing pollutant loadinss. These pilot projects wil! !'e our lirst
real attempt to test "on the sround" whether the necessary steps to implement. and ttack
environmental Indlcaton over time can be successful. The pilots will serve another
important purpose--to determine if selected environmental indicaton can compliment or
substitute over time for some of our current programmatic measures of succ~ for State
water prosrams that are activity-based (such as number of permits issued and' enforcement
actions taken). We are very pleased with the enthusiasm shown by the Stat~ for the
environmental Indlcaton pilot project

The om" of WIS'_I'tt MlnlCemen' S'orm Wlter ["Ironmentll 'ndlel'on
JnJ.!S!1.

As • complement to the Office of Water environmental indicaton effort. the Office
of Wastewater Manasement is initilting I project that will identify and implement
environmental indicators speclRc to the NPDES storm water program. .

To accomplish this. EPA is issulns a series of grants to support the salecdon and
Implementation of storm wit~. .:wironmental indlcaton that can be used by municipalities
and industries to assess the elTectlveness of their storm water control efforts and to possibly

• The SllIes tmlilivel, selected ror the plloll .. Milne. o.llW... M.,I..c1. 0 .....1.. Soulh ClrOlin..
WlscOlllin. Ohio IIlCI possibl, "'evlda. 1ft lIddlllon. EPA il eanllderlnl I IDCII project UIlder the "'.Ionll
£Stu." Propam in Cretan.
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provide data for the national environmental indicaton tracking system. The project. which
will be implemented for the most part in liscal year 1995. includes:

compilins a summary of recent efforts to develop and implement
environmental indicaton for storm water dlscharses;

holding a series of stakeholder mcctinss around the country to select
environmental indicators for the storm water program. including a select list
of indicaton to be used for national ttacklng;

preparing I report on the results of the stakeholder mcctings describing the
environmental Indicaton selected and the methodologies llid criteria for
implementation; and.

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

It is the objective of this project that valuable information for selectins and
implementins storm water program environmental Indicaton will be developed which.
should signllicantly sulde the direction of st~rm water monitoring in the future.. .: ..

Upon completion of the storm water environmental indicaton dernons.tration
projects. EPA hopes that numerous municipalities and industries will bener understand. and
be better equipped. to Implement effective monitoring stratesies for assessing ,their storm
water management prosrarns.

The data that is generated by municipalities. and other sources. if done in a
consistent. quality fashion. should be applicable at the nltional level for tracking and
assessinS progress of the NPDES storm water program towards accomplishing the Office of
Wlter stralesic: soals. .

SUMMARY

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

The EPA National Goals Project will produce a set of realistic and measurable
environmental goal' to be achieved in the next century. The Goals Project will involve
Identifylns monitoring that can be used 10 effectively evaluate progress towards meeting the
goals.

Under the new NPDES Watershed StralelY. monitoring and assessment hive been

10
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identified is U1 essenlial elemenl 10 be addressed. Importanl objCl:tivCl of Ihc StrateiY arc
Ihc developmenl of SIalc-wide monilorinll SUlIlelliCl 10 lIS$UJC &he mon: effective Wilelinil
of limiled monilOJinIL resoW'c" and &he coordinatioo of Ihc collCl:tioo NId analysis of dala,
and &he usc: of receivinll waler monilorinll procedW'es where appropriate to suppon
lSSCS$ffienl of walershed condilions.

The EPA Ortice of Waler is proposioll 10 evaluaIC PJOKtClS io mectiol&be loals of
Ihc EPA Sualclli!: Plan by usinl a number of cnvironmcnlal NId prolfllMlllic iodicaton,
These indicalon. when adopled. will have a suonll influence 00 &be pUl'JlOse. direclion and
lypcs of monilorinll employed in waler prollfams io &he furure.

Finally. Ihe Ortice of Waler, Office of Waslewalcr Manallemenl is plaonini &he
dcvclopmem of .. SCi of environmcnlal indicalOn &hat can be used specifically by slorm
waler discharicrs 10 evaluaIC proirClS lowards mcctiol Ihc 10als of Ihc NPDES Ilorm
wlICr prollram lIJId. more broadly, &he $lrIICaic 1I0ais of &be Office of WlICr.

These ioilialivCl will resub io a Dumber of chanaes to mollitoriol approachea UIIdcr
Ibc NPDES 5lO1m wlICr PJopam io Ibc Nrurc. AI monilOrioa rcquin:mcnts UIIdcr Ihc
NPDES storm waler proaram chanie and evolve, SIOrm waICr profcssiooals will be
PJcscnlCd wilh unique oppor1Ullities 10 provide iosipl NId expertise 00 iAIIovative '
apprOllChcs 10 5lOrm wiler monilOriQ& at llaliooal. Slate and local levels.

1\
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Amerlcen Public Works Point of View

ChrisUne F. Andersenl
, Member ASCE

Public works agendesare responsible for ImplemenU"g the
regulaUons regarding slormwater In the NPDES program. As suCh they
become the agendes responsible for balendng envlronmenta' proleellon,
community Inleresls, pollUce' Inlerests, flnandal conslralnts ."d the
lechnlcel skills and resources necessary 10 carry out the goals of the C'ean
Waler Act. To carry oul thll 'mplemenlaUon role effaellvely there 's a
crillca' need to build the 'eve' of lechnlce' knowledga and understanding of
stormwater quality and promole opportunlUes for sharing this informaUon.
Pressure for funding at the lacetlevells creating tremendous resistance In
communilles acroslthe country. Gaining community understanding and
support requires the ability to dearty articulate envlronmentel benefits and
cost effecllve appllcetlon of resource to address local problems. Without
grassroots support, communilies will become the biggest roadblt)cks to
achieving the goals of the Clean Water Act. .

Introduction

Since the reaulhorlzaUon of the Federal Clean Waler Act In 1987. the
requirement that munldpalitieswith populalions grealer than 100,000 oblain
NPDES permits for separale slorm sewer systems has been implemented.

I Director, Department of Public Works, City of Eugene, 858 Peart Slreet,
Eugene, OR 97401

Across the country affected public works agendes responsible for
stormwaterheve baen developing stormwatar quality programs and seeking
permits from state environmental regulatory departments In those NPOES
designated stiltes or from EPA. The Investment of resource In permit
appllcalion and the sampling and data base development Is slgnillcanl. The
resource requirement for ImplementaUon and monitoring of Best
Management Practices (BMP's) covered by those permits wilt require an
ongoing commitment.

In the earty years following the 1972 adopUon of the Federel Waler
PolluUon Conlrol Act when the primary focus of the clean water program
was wasteweter, up to 90% of the funding required for locel agency
Implementation was provided from federal and state sources. Today,
program costs are borne almost enUrely at the lacellevel. This fact, along
with similar program funding shifts in virtually every are. of locel
government egency programming, has presented real challenges to the
Implementation of the stormwater NPDES program. Coupled with that
challenge Is Ihe fact that agencies across the country ere scrambling to
build slormweter programs based on relaUvely lImiled research and
experience In the whole area of stormwater monitoring and BMP
effectiveness.

Capturing and Sharing !nfoanatlon

Huge dala bases of slormwater sampling and BMP monitoring InformaUon
ara being generated across the country through implemantatlon of
mendaled slormwalfir programs. II Is slill uncertain when or how
municipalities with populaUons less than 100,000 will be brought Inlo the
stormwater NPDES program. For those 200 or so communlUes alreedy
embarking on their first permit, there Is much to learn and share. The focus
of this conference Is Umely and crilical to the effective use of the signillcent
resource going Into a.lrrent permit development and ImpiementaUon. Ills
essenUal thai communiUes be able 10 learn from each other and share
InformaUon reliably and effectively. In addlUon, EPA needs to be able 10
use the Information being reported under these permils 10 base fulure Clean
Water Act changes on improved underslandlng of slormwater qualily
problems. The Nallonwide Urban Runon Program (NURP), which served
as the basis for the 1987 Clean Waler Act amendmenls covering the
stormwater quality program, was relaUvely limited, covering only 28 dUel.
The number of communities currenUy required to be permlUed under
NPOES and the type of data being generated should result In a far dearer
picture of the need for future stormwater program regulatory changes if that
dala is captured and used enectlvely.

Not 100 long ago, it would have been unthinkable to expect
communiUeslo take on a research and development role for a problem of
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this magnitude. Unfortunately, today that Is precisely where local
communities nnd themselves. Strategies and techniques ere being
IdenUned, tested and monitored In the hope that they will resullin Improved
water quality condillons and that II will be feasible to accurately detect
environmental Improvements.

In many cases, consultants working In partnership with public works
agencies are providing the vehicie for technology transfer. Communilles
are nowsharing experiencas and Informallon through common consultants,
aven as the regUlatory agencies struggle to develop their own administrative
programs. The allendance and participation at this conference ranacts both
this relationship and the strong common Interest In sherlng InfonnaUon and
leamlng from other professionals engaged In !he development and
Implementation of stonnwater quality programs. 1Jtls approach has been
surprisingly effective but It Is not adequate to handle the growing demand
and need for transferable Infonnatlon. AuthorlzaUon and funding of the
Nallonal Academy of Sciences to evaluate research and development
programs and provide an umbrella for beller coordlnallon and utillzallon of
college. and universities in expanding environmental research programs
would be Important and appropriate steps.

Program funding Is a sarious constraint. ;The Issue of unfunded
mandales has generated a tremendous local community lobbying effort In
Congress and Impeded the adopllon of the new Clean Water Act. Aaoss
the country the demand for funding at the 10callev,,1 to support federal and
state mandated programs, as well as those Identified by local priorilles, Is
conllnuing to grow. Revenuellmllatlon initiallves are appearing throughout
the stales. The strategy used in many communilles to Implement a
stonnwater quality program has been the aeallon of a stonnwater utility.
That Is not a problem-free opllon and may become even more difficult to
Initiate and manage over time. As an example, In Oregon there Is a
statewide tnillallve 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 locat support for the Implementallon of local programs,
funding wilt be more and more at risk. With an eye to the future and the
goals 01 the 1972 Clean Water Act to "restore and maintain the chemlcat,
physical. and biological Integrity of the Nallon's waters," It Is crlllcalto build
a foundation of community consensus and support and not rely on the force
of federal mendates to achieve these goals.

Building Community Consensus

Gaining community support, partlcularty where funding is Involved,

Is bedOming more and more difficult as public senllment regarding
govemment and govemmental agencies conllnues to deterlorete. In
tesllmony before the House Subcommittee on Water Resources and
Environment this pest Mey,. EPA Administrator Carol Browner described
the goel of the reauthorized Clean Water Act as "a beller, more nexlble
cieariwater act that will resull In Inaeased protection for our water
resoll~s at a lower cost." Flexibility and cost effectiveness are minimum
requirements for the achievement of local support. Better understanding of
BMP; !!ffectlveness and the ability to shift resource from Ineffective
strategies to other, more environmentally beneficial on.s are basic needs
to enlure conllnued local support. The ability to demonstrate resulls and

. contain the otherwise spiraling rasource demanded from urban residents are
nece"mes for local program support. The ability to accuratety dascrlbetha
real ~enefits to a community that are derived from the development,
Implementallon and maintenance of a local stonnwater program Is crlUcal
to gaining and sustaining local support..
Wher;! Do We Go From Here?

The purpose of this conference Is to target current needs and future
directions. Months and months of work haS gone Into the drafts of Clean
Watst Act reauthorization bills that wlH not make It through Congress this
year.: Many of the Individuals responsible for hammering out language In
thos~ bins are at this conference 8nd undoubtedly have perceptions 10
sharl~ about possible next steps. Focusing on common goals for
environmental protection and ciean water win help to ensure that progress
continues to be made as these naeds are sorted out.

3 Andersen Andersen
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Overview of Stormwater Monitorinll Needs

Kelly A. Cave', AM. ASCE
lIrry A. Roemerl• Ph.D,M. ASCE

Runoff pollution studies have anempted to quantify the stormwater pollution load
contribution to surface waters since the early I910s. This paper presents a select
summary of what has been learned from previous stormwater monitoring
programs and offers recommendations help guide the future direction 4f such
programs. 1

Introduction

Since the early 1960s. stormwater runoff has been recognized as a silnificant
source of pollution to the nation's waterways. Since the early 1910s. there has
been a growing body of Nnoff 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. cii~es and
numerous industries collected stormwater Nnoff data under the Phase I N""ational
Pollutant Discharge Elimination System (NPDES) stormwater permininl program.
Additional stormwater NnolT data will be collected as the Phase I NPDES permits
are issued and in other stormwater prosrams around the world. StormwaterrunolT
data collection is also likely to be required under the Phase II NPDES prosram
which will be defined this fall. .

This paper presents a select summary of what has been learned from previous
stormwater monitorinl programs and olTers recommendations help suide the future
direction of such programs.

'Water Resources Engineer, Camp Dresser .t McKee Inc., One Woodward
Avenue. Suite ISOO. Detroit. MI ~1226

lChiefTechnical Officer. Camp Dresser.t McKee Inc.• 1900 Summit Park Drive.
Suite JOO. Orlando. FL J2810

WhIt We've learned from~

Since .he early 1910s. runolT pollution research studies have anempted to quantify
the stormWlter pollution load contribution to surface waten and to characterize
stormwater pollutant seneration. 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 enterins U.S. surface waters. This realization
led to the U. S. Environmental Protection Asency's (USEPA) development of the
Nationwide Urban Runoff Prosram (NURPI which was initiated to characterize
the water quality of urban NnolT and the potential for water quality impacts in
receiving waters. NURP represents the larsest research effort targetins urbM
stormwater runolT to date. Storm event monitorins was performed It 81 outfalls
at 28 cities across the U.S. durinsthe years 1978 throush 198J.

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 providinsthe basis for identify ins similarities and differences among sites.
Approximately 2,JOO storm events were monitored. which corresponds to an
average of 28 Slorms per outfall site. At I particular site. the monitorinll was
typically conducted over a 12-month period. Urban land uses monitored durinll
the study included: residential, commercial. and limited lillht industrial. Several
of the NURP cities also monitored receiving waters to characterize impacts of
urban runoff on receiving water quality. A variety of receiving wllters were
monitored, includinl rivers, lakes and estuaries.

The NURP samplinll prollram included a wide ranIe of water quality constituents.
For all of the 2.JOO storms events monitored, constituents analyzed included total
suspended solids (TSS). ,chemical oxygen demand (COm, biochemicaloxysen
demand (BOO), total phosphorus. dissolved phosphorus, total Kjeldahl nitrogen
(TKN), nitrite + nitrile nitrogen. fecal coliforms, lead. zinc and copper. In
addition, a limited number of srab samples were collected during 121 storms and
were subsequently analyzed for priority pollutants. At the time. the priority
pollutant list included 129 constituents.

The event mean concentration (EMC), which is defined as the total constituent
mass in runolT divided by the volume of NnolT durins a liven storm event. was
established as the primary water qUllity statistic in the NURP study. EMCs were
estimated at monitoring sites for individual storm events by collecting and
analyzing now-weighted composite samples of runoff senerated by each event.
At other site5. however. the monitorins consisted of a set of sequenlial discrete
samples collected during a storm event. For these sites. EMCs were calculated by
analyzin8 the hydrographs (now vs. time) and Pollutollrlphs (concentration vs.
time) from elch storm.

Cave 2 Cave
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USErA analysis of Ibe pooled nalional databaso from all of Ibe project SilOl.:ould
nol explain Ibe variability of Ibe pooled national EMC values by any sinale faclOr
such as land use. soil type. land slope. climalolollY or 1I00llraphic localion. These
and ollll:r transferability evalualions led 10 Ibe developmenl of a aeneral
charal:lerlulion of urban runoff which can be used nalionwide for eSlimalina
stormwaler pollulanl loadinlls from un-monilored areas. Tho pooled nllional
NURP urban runoff charal:lerization WOl recommended for use in plannina level
waler quality sludies. unless more localized waler quality dala are available.
Anolber produl:l of lhe NURP sludy was Ibe developmenl of slandard monilorina
and dala analysis approaches which havo been used by mOSI subsequenl
stormwluer pollulion sludies.

Sinco me NURP sludy, olher Slormwaler monilorina studiu havo conlinued 10
quantify tho pollulion load contribulion 10 surfaco .walers and 10 charal:lerize
Slormwaler pollutant aenerallon, Iranspon, and fale. The U.S. Geoloaical Survey
(USGS}. for example. has developed an urban slorm runoff dalabase consislina of
dala for 1,123 slorms for 98 urban slalions in 20 melropolilan areas. Tho Federal
Hillhway Administration IFHWA) investiaaled slormwater rWIoff loadinll from
hiahways by analyzina Slorm evenl monitorlna dlla at 31 hillhway rWIoff
monitorinl si'es in II Slales durina Ibo 1970s and 1980s.

NPPES Siormwller MonilorjQa

Reccnlly. over 100 u.s. cilies and numerous indUSll1es woro required to .:ollOCl
stormwater runoff dala under Ibe Phaso I Nalional Polhalant Discharae Eliminalion
Syslem (NPDES) stormwaler perminina program. Each Phase I municipality was
required 10 characlerize Slormwaaer rWIoff by monilonna a minimum of S
·representallve· siles durinI a minimum of 3 storm .vents. Th. monilored siles
were chosen 10 characterize discharaes rcpresentalivo of commercial, residenlial.
and induslrial land use al:livilies of Ibo drainaGo arca .:onlrlbullna 10 Ibe syslem.
The NPDES samplina prolocols were derived from Ibe NURP sludy. A composite
sample from each siorm evenl was analyzed for convenlional pollutants (includina
nutrients. solids. oXYllen demand. foeal bal:lerla) and for priority pollutants (lOxic
organic and inorGanic compounds}. Slormwaler quality charal:lerizalion data was
based on esumatlng lhe EMC from a sinllie llow-weighled composilO sample
prepared by combinina discrele samples collected over lhe duralion of Ibe Slorm
event. The Inlenl of Ihis permn applicalion requiremenl was to ensure Ibal the
syslem discharaes can be approprialely represenled by Ibe various exislina dala
bases and 10 provide a basis for developing a monnoringplan 10 be implemenled
as a permn condilion.

l.la....lIf hisling pala

A comprehensive analysis of all available Slorm evenl water quality dala colleClod

colleCied in Ihe early 19805 wilh the NPDES dala collceled in 1991 - 199) in lho

Stat. of Michialll is pruoolod below. Throe of lb. NUItP studi.. were located
in Michiaan (Washlenaw County, Oakland County, and tho City of Lansina) with
approximalely 100 storm events monitored at eleven slationS. As part of tho
NPDES slormwaler permil applicalion proc.... roproscnwivo outfalls wore
rocendy monilored in Ibo Michiaan Cili.. ofWarr., Flint, Ann Arbor. and Grand
Rapids and at the University of Michillan. Tho Michiaan NPDES dara includes
EMC~ for approximalely 7S slorm events that wero monitored II 27 slalions.

The ~Iormwaler monilorina dala comparisons presenled below 110 based on Ibo
loan!armal means of Ibe dala reponed for each sile. When dala atO charaClerized
bY infrequent eXlremo observalions. as oflen happens in waler quality monitorinll,
il is appropriale to apply a IOllnormal diltriburion. Studies IUch as th. NURP and
FHWit. prollraml described previously have shown thai Stormwaler quality dala
aro lIesl represenled by Ibo lognormal diluibulion. Th. appropriale slalislic 10
employ for .:omparisons between individual siles or aroups of sita is Ibe msdiIIl
valu•• boeause il is leIS inlluenced by Ibo small number of larlle values typical of
loanormally dislribuled dOlL However, for .:omparisons wilb olher published dala
which usually repon averaae values. tho IDUIl valuo is moro appropriato.

Tabl~ I compara the Michiaan NPDES EMCs for rosidenlial, ..:ommercial. and
indu'lrial land USOI wilb tho Michiaan NUItP and nuonal NURPEMC.. II
should bo nOled that tho NURP silOl did nOI ropresenl any heavy industrial land
useSt but rather liahl induslrial park land use. In aeneral. tho mean Michiaan
NPDES EMCs are within tho ranao of EMCs reponed under tho earlier SlUdie.
with; th. exceplion of lead. for oX)'aen demand (biochemical 0X)'aen demand
(BOP) and chemical 0X)'aen demand (COD)). Michiaan NPDES .:oncenlralions
are ienerally higher than NUItt EMCs for residential and induslrial land uses
whil. Michiaan NPDES .:oncenrrations aro lower than NURP for .:ommereial land
USOl~ For 10lal suspended solids (TSS), EMCs reponed for tho residenlial and
.:omlllercial Michiaan NPDES siles aro as much as 40% lowor than NURP EMCs
while those for induslrial land uses are similar 10 NURP EMCs. Nutrienl
(pho~phorus and niuollen) NPDES concenuations are very similar 10 nahonal
NURJl EMCs for all three land use caleaonu. However. lead EMCs reponed for
the ¥ichiaan NPDES sita which wero monitored durinal99\ throuah 1993 aro
an order of magnilude lower Iban those reponed in the NURP and other earlier
sludies which include dala collccted durinll tho mid-1970s throuah carly 1980s.
The primary reason for lho decrease in lead EMCI IS probably th. increased usaGO
of unleadod auoline.

The .previous monilorina sludies such as the NURP and the rocenl NPDES
moniloring programs provide Slormwater pollulion loadina dala on which 10 base
eSlimales of Slormwaler pollulanl loadings from a aiven areL In the case of the
Michigan NPDES proarams and olher prollrams reviewed. the recent monirorina
dala compares well With that colleeled durina previous sludies. Therefore.. . -
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probably not warranled However, many of Ihe Phase I NPDES cities are
proposing to conlinue this type of program for the ,.year permit lerm.

As mentioned previously. a comprehensive analysis of all appropriate "orm evenl
waler quality dlla collected over the past \S.20 years has not been performed.
We recommend Ihat such analysis be compleled to aid in Ihe developmenl of
fulure monilorins programs. For example. Ihe variability in EMCs amons NURP
sites was greater than any observable variability among geographic regions which
made developmenl of land·use specific or regionalized EMC estimates infeasible.
Analyses of Ihe NURP da" for seasonal differences among EMCs were eilher not
performed or not reported by the NURP leam. Clearly Ihese analyses. particularly
investigalion of regional. geographic. or seasonal differences among EMCs. need
to be performed on the larger database of moniloring data available loday to guide
tho direction of future stormwaler pollution research.

Obiectives of Future Moniloring Program.

Monitoring data collected under Ihe existing Phase I NPDES s'ormwlter
permitting program has further supported the premise Ihat stonnwater runoff is a
significanl source of pollulion 10 the nation's walerways. Dlla collecleifduring
development of the Phase I permit programs has been and will be used 10 aid
municipalities and industries in Ihe development and refinemenl of management
programs 1o reduce stormwater pollutant loadings to U.S. surface wa'ers. Most
stormwater management specialists nationwide recognize. however, that effective
management prosrams for prolecting our nation's waler resources should be based
on a watershed basis inllead of a jurisdictional basis. This sentiment"is also
reflected in the recenl dralls of Ihe upcominllClean Wiler Acl (CW A)
Reaulhorization; bolh Ihe House and Senile CWA reluthorization bills include
lanluage 10 thi~ effect. .

It is our recommendation that nonpoint pollution manalement plans and the
monilorinl programs which support Iheir development and implementation should
includo all nonpoint sources of pollution within a walershed. Many of Ihe
NPDES stonnwater programs focus exclusively on characterizing stormwaler
pollution from an industry or a municipality. In urban areas, pollutants from olher
sources sitch as almospheric deposition and contaminated rivel bottom sediments
may also be significant and should be characlerized to support a comprehensive
management plan.

The current NPDES program relies on "end of pipe" moniloring dala 10 assess Ihe
effecliveness of management programs implemenled to reduce nonpoinl pollulion
loadings 10 a receiving waler. This approach does not provide local decision·
makers with inrormalion regarding Ihe performance of individual management
mea.~ures and programs. We recommend Ihal NPDES monitoring programs also
characterize the performance of individual managemenl measures such as delenlion
ponds or source control aclivilies wilhin Ihe WJI~,~lI. This action
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will provide lsl'-iI dala 10 lIuide Ibe developmenl and refinemenl of manaaemenl
prollramsllulored 10 Ihe chataClClIslicS of Ihe local community. In addilion.local
dala on Ihe benefils of requirinll cosily manallemenl measures will aid local
decision-makers in Ibe implemenlalion of Siormwaler manallemenl prollrams.

Tha over,,1 objeclive of a nonpoinl pollUlion monilorina proaram such as Ihose
required for NPDES permilllnil should be 10 suppon walershed manallemenl
decisions by local declliion-makers. SpecIfic objeclives lihould be:

I) 10 refine land use nonpoinl pollulion loadinll relalionships wilhin a
walershed.

2) 10 provide quanlilalive informalion rellardina Ibe pollulanl removal
efficiencies Ibal are achieved by slruclural and nonsllUclurai besl
manallemenl praclices (8MPs).

J) 10 provide sufficicnl field alaIa 10 calibrale and verify pollulanl
loadinll eSlimales. and

4) 10 conducl special sludies 10 chatacleriu olber sources of pollulion
(e. I., almosphenc deposillon. conlaminaled sedimenlS. bioloai'lilhabilal
assessmenl) 10 Ibe exlenl pOS5ible.

Approach for PUNte Monjlorjnll Prollrams

The Phaso I NPDES Slormwaler permillina proaram required colleclion of
monilorina dala durina Ibe permil applicalion prqcoss accordinl 10 specilic
prolocols oullined in Ibe reaulalions. Durina Ibe lerm of Ibe permil. slOrmwaler
qualiry monilorinll is also required bUI a municipality has more f1exibilil)' in
devising lbe monnorina proaram. The lime frame and coSlS associaled wilb
Collcclinll an adequale urban Slormwaler dalabase for planning. implemenlina. and
evalualing Siormwaler managemenl plans may. however, exceed Ihe resources
available. Consequenlly. il is recommended Ibal all available exisling dala from
local and regional siudies be used. Addilional dala colleclion should be carefully
planned 10 ensure Ihal il does nOI.duplicale prevIous effons and can be used 10

aUllmcol Ihe exisling dala. Dala collecled merely 10 meel permil requiremcnls
may be wlliled if il docs nOI suppon siormwaler plannina and manallemenl needs.

USEPA did nor lipecify mmimum siandards for Ibe moniloring prollram 10 be
compleled by Phase I municipalilies and induscries during Ibe S-year lerm of Ihe
permil bUI allowed Ibe permnees 10 deliilln Ibeir own prollrams. A review of
monitoring programs proposed by a number of Phase I municipalilies revealed Ibal
mOSI programs specified conlmued characlerizalion of land use nonpoinl pollulion
loadinll relalionlihlpli wilbin Ibeir communiI)' by monllorinlVliamplina al mOSI of
Ihe same siles monilored durina Ibe permil apphcallon process. The number of
paramelelli analy~ed. however. ili I)'plcally sublilanlially reduced from Ibe number

required durina Ibe permil apphcalion process. furdler. mose proposed proaram.
reviewed specified on Ibe order of 4 lilOrm evcnlS liampled per sile per year.

MOSI. of Ibe proposed permil lerm slOnnwaler monilOrina proarams proposed 10
dale do nor include provisions for eslimalina Ibe pollulanl reduc:lion. achieved by
lire srruC:lurai and nonslruclural BMPs (objec:live 2 above) which already exise in
lire municipalil)' or which may be implemcnled as pUl of a slormwaler
manillemenl plan. For slrUclurai BMPs, available pollUlanl removal performanc:e
dlla shows Ibal pollulanl removal efficienc:ies ac:hieved by BMPs will vary from
one .slOrm 10 lire nexl. Afler very larae slorm .Vcnll or durina WCI periods. 8MPs
may exhibillow or neallive affic:ienc:ies due 10 insuffic:ienl delenlion lime., sc:our.
or r~suspension of sedimenlS. Conversely, hiaher effic:ienc:ies may be ac:hieved
after smaller slorms or durina SlOrms lIrll oc:c:ur &fler cxlend~d dry periods. for
nonsrrUc:lurai 8MPs. linle pollulanl removal perfonnance dala is available in die
liler:alure. for example. few Slormwller qualicy monilOrinl proaram. have
anempled 10 documenl lire effecliveness of public: edu'llion proarams aimed al
prevenlinl such pollulanlS as used mOlOr oil and lawn care produclS from enlerinl
rec~vina walers. Many of lire manaaemenl proarams proposed as pUl of lire
Phase I NPDES munic:ipal SlOrmWaler parmil applicalion. submined 10 dlle,
holliciver. rely heavily on lire use of ROnSlruc:lurai 8MPs 10 reduc:o SlOrmwaler
poll"lanl disc:heraes 10 lire "maximum eXlenl prac:ric:abl." (MEP) as requir.d in lIro
reauillions. FUlurc NPDES monilOrina proarams should lIrerefore inc:ludo
provisions for definina lire effecliveness of manaaemenl proarams implemenled
and for delinina dre MEP pollulanl reduc:uons for lire munic:ipalil)'..
SIOOnWaler monilOrinl proaram. co suppon NPDES lIonnWller penniI prolram.
should be deliilned 10 provide a reasonable I.vel of IlIIislic:a1 sianific:ance on an
IIIJlIlI1 basis as well as over lire S-year pennil lenn. Thi. proaram desian i.
necessary if relulalory aaenc:ies use annual and cumulalivo dal. for assossmen..
of .... effecliveness of manallemeRl proarams. For many pollulanlS found in urban
runoff. lire efficiencies of SllUclurai and nonslruclural 8MP program clemenlS ero
likely 10 be on Ibe order of S% - 10% (nonSlrUc:lUral) up 10 SO% - 90-"
(sllUclural). Cil)'wide pollulanlloadina reduclions for I)'pical NPDES SlormWaler
manaaemenl prollrams developed 10 dale are likely 10 be less lIran 2S% for many
pollulanll under full implemenlalion. In order 10 demonslraledle proaress of local
managemenl progranls over dieS-year permil lerm, lire eSlimaled mean EMCs
from Ibe municipal monilorinll dalabasc should have a level of accuracy which
will refiecI reduclions duo 10 8MP proarims. If lire loadina reduclions achieved
by Ibe 8MP programs arc on Ibe order of S% • SO%. il will be difficulllO draw
any ~eaninllful concluliions from Ibe monilorin. dl" iflbe oslimaled mean EMCs
have a relalive error which is much grealer dian Ihe 8MP efficiencies.

Those monilorina prollrams dosillned 10 provide a reasonable level of slalililical
signific:ance on an annual basis as well as over lire S-year permil lenn WIll also
demonSlral. local benelilS of Ibe manallemenl prolram on an annual basis 10 local
decision-makers and Ihe public. InveslillaUons of receiving WOller qualil)' impaclS
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may also be warranted to aid in management program assessments. The
monitoring program should also allow for investigations of seasonal and other
bias in the collected data over the 5.year permit term. A monitoring program
designed around Ihese recommendations should satisfy both objective I above.
characterization of land use nonpointloading relationships within a municipality.
and objective) above. provide sufficient field data to calibrate IIftd verify pollutant
loading estimates as necessary.

In some urban areas. other nonpoint sources of pollution may cause water quality
impacls equal to or elCceeding those resulting from stormwater pollution loadings.
For elllmple. bottom sediments in receiving waters may be heavily contarilinated
and may introduce significant pollutant loads to Ihe water column. Nonpoint
source pollution monitoring programs should investigate such sources to provide
data to guide the development of cost-effective watershed management plans.
Guidelines for monitorinl prolrams to characterize other nonpoint sources of
pollution (objective 4 above) must be developed in accordance with the local
situation. •

Altemalive Approaches for Future Monitoring Programs

There are alternative approaches in addition to monitoringlhe chemical quality of
stormwater which can also. be used to generate environmentally relevant
information to luide the stonnwater control plan for a municipal areL Biological
and chemical monitorinl of receivinl waters enable both the evaluation of
receivinl water impacts and potential identification of stormwater pollutant
sources. although these tools can be most effective when used in conjunctiqn with
traditional chemical analysis of stormwater (e.l. end-of-pipe monitorinlt. One
advantage of includinl receivinl water and biological monitorinl in a stort1water
monitoring program is that stream health can be directly assessed without relyinl
solely on chemical surrogates and highly variable stormwater outfall dlitL In
addition. use of biological monitorinl may help address concerns ab6ut the
aggregate affect of $lormwater pollutants as well as the bioavailability "f those
pollutants. Another benefit of including chemical. biololical and receivinj water
components in a stormwater monitorinl prolram is that it may provide more cost­
effective information to guide the direction of local stonnwater manaaement
plans.

Dna Analysis

A critical component of a stormwater monitoring program to support stormwater
management plans is effectively utilizing the data collected in order to achieve Ihe
prolram's information loals IIftd monitoring objectives. The conversion of data
into information should belin with specified data handling procedures includinl
adherence 10 quality assurance and quality control protocols. Statistical procedures
for analyzinl the collected data should be established to ensure that the
infonnation lenerated both matches the ability of the data to yield such

infonnation with confidence and matches the needs and elCpectations of decision
·makers. Finally, for NPOES permit monitorinl 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 prolram. Other information such as
how much of the system was served by BMPs and how the results guided
management prolram decisions should be part of the overall manalement program
report to the regulatory alency.

A stormwater monitoring program to support a management plan 10 protect water
resources such at is required under the NPOES 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
monitorinl prolram should be based on an inventory of all ~~ sources of NPS
pollution (e. I .• urban runoff. contaminated river bottom sediments) and available
local. rellional. Uld national data to chatacterize those sources. In addition.
provision for asscssinl the success of the management program should be made
in the monitorinl program. Local data on the pollutant removal efficiencies of
preferred structural and nonstructural manalementpractices should be cOllected
to aid local decision-makers in the development. implementation. and refinement
of the management program. Investilations of receiving water impacts or
biololical assessments may also provide valuable data to luide local nonpoint
pollution management policies. Mosl of the recent NPDES monilorinl data
reviewed compares well with that collected durinl previous studies. Therefore.
continued emphuis on sinlie land use "end-of-pipe" monitorinl prolrams is
probably not warranted. .

Stonnwater monitorinl progrlms to support NPOES slormwater permit programs
should be desisned to offer a reasonable level or statistical silnificance on an
annual bl\.~is and over th. entire permit tenn. This prosram design is necessary
if regulatory agencies use annual and cumiJlative data for assessments of prolress
of manlgement prolrams. This design will Iiso demonstrate local benefits of the
management program on an annual basis to local policy-makers and the public.
The monitorinl program should also allow for investigations of seasonal and
other bias in the collected data. A critical component of I $lonnwater monitorinl
program to support stormwater management plans is the effective handlinl and use
of the data collected.

Continuing research is also needed in the area of sCormwater pollulant generltion.
transport. and fate. The authors recolnize that such research is beyond the scope
of the NPOES Slonnwlter permitting program. This research is necessary.
however. 10 develop new management practices in the continuinl quest to re~lore

and protect the nation's water resources.
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Locating Inappropriate Discharges 10 Storm Drains

Richard Field1. Robert Piul. Melinda LaJor3. Edward Thacleston4 .

This article describes the results of a series of research rules to develbp a
procedure to investigate non-sturmwater (dry-weather) entries into storm
drainage systems (FIeld et aI. 19931, Field et aI. 1993b). Dry-weather flows
dischargins from storm drainqc systemS contribute significant pollutant
loadings 10 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 actjvides.
Prococols are discussed to: clwacterize the drainage area; locate and identifY
poUuced outfalls; estimate the magnitudes of non-stormwater entries; and lQC!lle
and comlCt the non-stormwater enaies into the storm drainage system. U thllllO
loadings are ignored (e.I., by only considering wet-weather stormwater nmOff),
only limited improvement in receiving water conditions may occur with
stonnwater pollution control propams.

Inlmduction

Cunent interest in illicit or inappropriate connections 10 storm dr2inaJe
syaems is an oullfUWth of invesriptions into the lUlCf problem of determining
the role urban stormwater runoff plays as a contributor to receiving water

lChief, Storm ok Combined Sewer Pollution Control Program, U.S.EPA, 2J9O
Woodbridge Avenue. New Jersey 08837-3679.
2Associate Professor, Department of Civil and Environmental Engineering, The
University of A\abama at Birmingham. Birmingham, AL 3'294.
3Assistant Professor, Department of Civil and Environmental Engineering, The
University of A\abama at Birmingham. Birmingham, AL 3'294•
• Professor and Chairman, Department of Civil and Environmental En~ee.;ng,
Vll1dertJilt University, Nashville, TN 3723'.

1

quality problems. The EPA's Storm &: Combined Sewer Overflow Pollution
Conb'Ol Research and Nationwide Urban Runoff Progl'3l1ls. respectively helped
highlight the problem with data confirming pollution found in urban storm
drainage systems. Regulatory requiremen13 such as the National PoDution
Dlsc:harge Elimination System (NPDES) require certain classes of stormwater
discharges to be penniaed. Presently. the NPDES requires certain industries
(FttkroJ 1990) and municipalities with populations of 100.000 or more to
conduct investigations to determine the locations of inappropriate dry-weath
entries inlO storm drainage systems.

Waters discltarged from stormwater drainage systems often include
waters from many non-stormwater sources. A study in Sacr.amento. 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. Dlicit and/or inappropriate entries 10 the storm drainage system are
likely sources of this discharge and can aa:ount for a significant amount of the
pollutants discharged from storm drainage systems.

The methods described in this paper were developed specifically for
detection of poIlulion sources in dry-weather flow. but are applicable to wet­
weather flows as we.l1. It must be noted that during wet-weather flow conditions
there will be additional pollutant sources (e.g., roads, roofs, exposed materials
stonge, etc.).

Pricins of Contamination

Common non-stormwater entries include: sanitary wastewater;
automobile mainlelWlCC and operation waste products; laundry wastewater;
household toxic substances and pollutants; accident and spill waste streams;
runoff from excessive iniPtion; and industrial cooling water. rinse water. and
other process wasteWater. ~though these sources can enter the storm drainage
system a variety of ways, they genen1ly result from: (1) direct coMections,
such as wastewater piping either llIislaken1y or deliberately COMecled to the
storm drains: or (2) indirect conneclions, which include infiltration into the
storm dninage system and spills received by drain inlets (Field et aI. 1993a).

Direct connections may be defined as physical COMections of sanitary,
commcn:ial, or industrial piping that carry untrelted or paniaIly trelted
wastewaters to a separate storm drainage system. UsuaUy unauthorized. whether
rnisullen or intentional. they represent the most common source of entries 10
storm drains by industry.

Indirect connections may be defined as infiltration inlO storm drainage
systems and non-storm related discharges to storm eatehbasins and inlets.
Infiltration most commonly occurs through leaking pipe joints and connections
10 manholes and eatehbasins, as well as pipes damaged by overburden and
subsidence. Groundwater and perco1aling waters mayor may not be

2
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contaminalcd and will be variable in nalUro since Iheir Icvels and aIIlOUIIts can
be dependent upon rainfall cvents.

The procedures described in Ihia paper provide all invatiprive
procedure lha1 will allow a lISCt 10 first deIamino whetllcr significant non­
stormwarcr enmes are present in a storm drain, and then idenrify the pocenlial
soun:o calC&ory U all aid 10 u1limarely locating Ibo sour=.

It is imponant 10 crnpIwiz.o IIw 1110 removal of inappropriarG caUicl ia
only one aapocl of a comprdlcnsive poUulion provenlion propam required for
all effective improvcmc:nt in roa:iving waJCr quality.

Pmccdun;s

Tho sequence of "Typical Invesliptioo StqlI" is illllltr&lCd in filUM 1
and briet1y described below.

FlGyRE 1 Typical 'nxnttg'doo Step.

NoOrt-_-
OK

J

A) Drainage An:;a Mappjng
1bo mapping exorc:isc is carried out U a dcsIaop operation using exiacing

daralinfonnation and field visits 10 coUect addilional daralinComwion and/or
confinn cWting infomwion. It mUSl contain complelc dcscriptiona of the
drainage areas including: oulfallloc:ationa, drainage sysrcm layout,
subcafA:luncnt boundaries for each outDlI, c:rilic:a1land-use areas, pamiucd
diJclwgea 10 the storm drainage sysrem, city limits, major streelS, sueams, etc.
Possible sources of infonnalion include:

- City recorda and drainage maps.
-' PreviOlU surveys, o.g., sanitary SOWCI' intiltntionlinftow and sewer

evaluation survey studies.
- Topographic map3.
.- Existing GIS (Gcognphic Infomwioe System) dala.
,. Pre-dcvelopmcnt suam Ioc:ations.
- Pre-dcvelopmcnt siID invatiprioaa iDdIcatiDllJ'OIIIIdwarcr and wuer

table informalion.
.. Dl3inqe dcpanmeat penonncl widilalowledlO of Ibo area.
• Aerial surveys.

'Prom mapping aaivilies, possible poUUtaIll sourcea are idcnlified (0.1.,
iadusuics, landfill sires, areu with septic taIlk systemI, vehicle service SIItiGu,
iadlIIIIjal sita, etc.) and drainap areu with Ibo bigbel& pot&Iltial for DOII­
SUII1IIWar. enlry sources are determined. 'Ibis can UIist in sectinc priorilia for
field ~ptioll of the oulfalb (Field ec aI. 1993&). However, all outfaUs will
requirO" invatiprion eventually.

B) Tricq Selection
To derect and idenrify non-stonnwarcr caaiea, 1IIodry-wcadIer outfall

c1bc:Iwge ia analyzed for se1CCled IrKcrS. AD ideal tnalr should ahibit tho
Co1Iowing properties:

- Significant diffORllce in c:onccnlllliona betwceD poUutinl and lIOII­

poUuting sources;
Small vuialions in concenlllliona within Cldllikdy poUutaIIt soun:o
category;
A conservative behavior (i.o., no significant coacenuation c1Iango due
10 physical, chemical, and/or biotocic:a1 prucessea); and
Ease of measurement willi adequalB dolBclion limits, good senailivity
and rqICaIability.

It. review of case studiea and lilallUle cbaracrerizing pocenlial
inappropriarc entries (e.g., sanitary wastewaIa', septic rank eftI\lCllt, laundry
wastewaIa', vehicle wasil waslewaICr, irrigation runoff, etc.) led 10 tho
CoUowin recommended tracers 10 iden' common llulallt . .
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residential/commercial land use areas :

• Specific conductivity;
- Fluoride and/or hardness:
• Ammonia and/or potassium:
- Detergents and/or fluorescence; and
- Temperature, chlorine. and pH.

The lut three par2Il1eters do not fit the previously stated criteria, but C3JI

indicate extreme instances of pollution. Further details on the recommended
tracers are given in Appendix D. If specific chemicals used by industries in the
watershed are known, it may be possible to include them as tracers also.

In addition to the parameters described above. relative toxicity can be an
important outfall screening parameter. Shon-term toxicity tests. (e.g•• the ,
MicrotoxTM test from Microbics. Inc.). are valuable for quicldy and cheaply
assessing the relative toxicity (to a selected test organism) of different dry- .
weather flows. These tests C3JI be used to identify outfalb that contain toxic'
flows which may wamnt immediate investigation.

Potential soun:es of dry weather flows commonly identified within
commercial and residential land use areas include spring water. intiltrating
shallow ground water. tap water. irrigation runoff from landscaped areas and
golf courses. sewage. septic tank tIixIlu&e. commen:iallaundry waters. .
commercial carwash waJerS. l1diator flushing wastes and metl1 plating bath
walaS. Obviously, some of these soun:es would contribute to pollution
problems. and some would not. However. all have the potential for showing up
ill dry-weather flows. Therefore a chemical understanding of each. with respect
to the selected tneers. is needed to build a "Ubrary" to which outfal1 dry- ,
weather flows C3JI 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 soun:es
within the study area. For each tncer. the concentration means and standard
deviations for all the potential source flows. is calculated. Without this
information the liJa:lihood of identifying the pollutant soun:es is gready
reduced. The selection of a suillble analytical method iii discussed later under
the "Analysis of DalllSamples" section.

C) Field Suryey
Field investigations are used to 10CI1e and record all outfal1s. and inwlve

physically waddinl. boating. etc. the receiving waJerS in search of all known
and unknown outfalls. At each outfal1 the inspection and sampUng should at .
least inc:lude:

- Accurate location of outfall and assignment of m number;
- Photographs of outfall; .
- Outfall discharge flow rare estimate (and note whether continuous or
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intermittent discharge);
• Physical inspection and record of outfall characteristics including

odor. color. turbidity, floatable mailer (fecal matrer. sanitary
diSCU'ds, solids. oil sheen. etc.), deposits. stains. vegetation effected
by pollutants. damage to outfa1l structure. and discharge warer
temperature; and .

• Collection of dry-weather discharge samples for tncer analyses in the
laboratory (specific conductivity and tempe:ratul'e 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) AnalY$!!! of PaWSamDles
The recommended analytical procedures and associated equipment in

Appendix mhave 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 usinl porllble pH meters or litmus paper
cIepeI1dinl upon the degree of ICCUIlICY required and lime constraints. Note that
pH is a support tnI:er and not a primary parameter (see Appendix D for further
deQiI).

The analysis methods selected must provide adequate detection limits
(l.e.. lIleISIIIeIIIent of the lowest required concentration) and precision (i.e••
consistent results). Methods found suillble for residentiaUcommercial land use
areas are recommended in Appendix m. These. methods should be checked for
suillbility at the proposed study site. In order to estimare the required detection
limit. it is necessary to know or estimate the tracer mean concentration and
standard deviation. The median multipUer values given below. when used in
conjunction with the median and coefficient of variation (COV • standard
deviation/mean) of the tncer in the more dilute flow. provide a quict and
conservative estimate of the detection limit required. These median multipliers
were derived from the assessment of a large number of probability calculationJ.
This method is illustrated below:
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~COV<O.S

median CDIlCCI'Itralion • 0.5 milL
detection limit required • O.S I 0.8 • 0.4 milL

The analytical precision. defined as the n:pcalability of the analytical
method. is also an important consideration. It is determined by repeated
analysa of a stable standard, conduetillC replicate analysa on the samples. or
by analyzing known SIaIIdard additions to samples. Precision is exprascd as the
SQIIdan1 dcviuion of the multiple analysis results.

. Qcbncpts as IndicatOQ of CgnJaminalign
;1lesults from Mann-Wllitney U testa durinCltlCll10d development

iDdi~ that pure streama from any of the dry-weather flow sources
inveSlipted in lhia reseud1 could be conec:dy c:lassified as clean or
coalll1linated based only on lbe meuured value of any one of the foUowinC
puunelCI'S: detcqents, color. or c:onducUvity. Color and condUdivity were
pzacnt in samples from c:lesn SOUI'COI as well as contaminated sourc:cs, bUllbcir
levels of oc:c:umnc:e were significandy different between tho two croups (Lalor
1993). 'If pure streams from only one sourc:o were expccIed to make up outfall
tlows,the level of color or condUdivity IIICIIIUt'Oll could be used to dislinpisb
coalaminated form c:lesn outfalls. However. since lhia is commonly nOllhe
c:ase, mcuured levels in outfalls with multiple SOUtCC$ could fall within
acc:epcable levels even though 1 contaminalinC sourc:o was contribulinl to the
flow. ~ents, on the other hand. can be used to diSlinguisb between c:lesn
and coOtaminated outfalls simply by their prescnc:e or abscnc:e. 0Presenc:e"
lI2IlSIales to the lower limit of detection for the HACH detagentlCSlldl, which
is 3.29 limes the standard deviation. or 0.06 milL of detergents. This reduces
tho probability of 1 false nondetee:lion or 1 false detee:lion to '" (Standard
Methods 1989).

Physjcal Indicatpa of ConJamination
lndie:ators of contamination (ncptivo indic:ators) are clearly apparent

visual or physical parameters incIicalina obvious problems lbal are tadily
observible a1 the outfall durinC the field sc:recninC activities. The dinlc:t
examir\ldon of outfall c:hanA:lCrislic:s for unusual conditions of flow• odor,
color, turbidity, tloalables, deposits/SIlins. vqewion conditions, and clamaco
to dniiNe Sll'UI:lIIreS is the simplesl method of identifyinc arossty conllminated
dry-~ outfall flows. While lhia procedure doesn't nec:essarily identify the
flow sciurce, some soun:cs may be identifiable based OR I'OCDplizable odors or
fJoalabla. for example. Pearson CorreIaIion results indicated lbal hip turbidity
(lack of c:Iarity) and odors appeared to be dle IIlOSl useful physical indie:atorl of
con~when contamination was defined by toxicity and the preseace of
dcterIents. Observablo puamercrs caanot be re1ied upoa as a sole method for
!be CVIIiwion of outfalls. A contaminated discharge may not be visible and can
only~ dercrmined by other mctlIods (Lalor 1993, Field Cl aI. 19931).

Indicarors for outfall contaminalioa. to more sopIIiSlieated mctlIods requirin.
compurcr modeling for evaiualion. Medlods I and 2 Iltempl only to diSliDcuisb
bctwcencontaminated and lIIICOntaminated flows. wbile medlods J duoucb S
are useiul in identifying the likely SOUtCC$ from which dry-weather flows are
oricinating.

Mccijan Multiplier For Deuqioo Limit
0.80
0.23
0.12

coy VaJue
Low «0.5)

Medium (O.S to 1.25)
Hicn (> 1.25)

B) Categorize Outfa!l!
Outfalls must be eateeorized and subsequendy prioridzed so that a plaA

of action can be developed. Natutally. tho IIlOSltoxic~ danceroua oulfalls
aeed to be c1iminalcd first, cspeciaIly considcrinCthe limited availability of
funds in today's strained c:conomic: c:limate. The abovo arialysis of the dry­
weaaher flows provides data to help e:ateeorizo the out&lb into lhnle poups: 1)
padlocenic: or tOxic pollution, 2) nuisance or aquatic Ufo lhrearcaing pollution.
3) unpolluted.

The palhogenic: and toxic: pollutants can cause illness upon water contact
or consumption and significant water lRalment problems for downsaam
consumers, cspccially if the pollutants are soluble meaal and organic: toxicants.
These pollutants may oricinaJe from sanituy, commercial, and/or industrial
WUICWIlCr non-stormwarcr entries. Additional residential area activities with a
pollution potential include. household toxicant disposal. automobile engino de­
p-easing and oil disposal. and exc:cssive use of chemical pesticides.

Nuisance and aquatic: life lhreaIa1inC pollutants inc:1ude laundry
wastcwalCtS. irripdon runoff c:anyinc heavy loads of fcniliza's. vehicle
wasbWllCtJ. c:otlSIIUCIion site dewalCrinC, washing of conc:rete ready-iniJt
true:Ia. etc:. These pollutants can cause: exc:cssive algal powlhs; IaSlCS and
odors in downsueam water supplics; offensive coarse solids and floatables; and
nocia:ably colored. lUrtIid. or odorous WaterS.

Unpolluted disc:harce from SlOrmwater outfalls can oricinate from
IWUnl sprincs fceding urban c:reeIa that have been converted to storm dtains.
infillrlling poundwater. infiltraling domestic: waterline leakace. etC.

Outfalls must be visited. observations made. and all dry-weather flows
sampled and lCSted in order to conelall: flows with potaltial sources. Five
methods for analyzinc ouU'&l1 dry-weather l10w dalaIobscrvalions have been
lCSted. These methods ran e from relanvel sim Ie review "
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Flow Chan for Mml Significanl Flow ComPOnenl Identification

Figure 2 is a flow chart describing an analysis Slralegy which may be
used CO identify !he major componenl of dry·wea!her flow samples in residential
and commeccial areas. This me!hod does 001 anempl to distinguish among all
polential sources of dry·wea!her flow identified earlier, bUI ra!her !he followinl
four glOUps of flow ue identified: (1) lap walerS (lap warer, irrigation water
and rinse warer), (2) nalUra! wacers (spring warer and shallow ground warer),
(3) sanicary waslewalerS (sanicary sewage and septic lank discharge), and (4)
wash warers (commecciallaundry waters, commeccial car wasil waters, radiator
flushing wasles, and plating ba!h wastewarers).

The use of !his method would nO! only allow oUlfail flows CO be
c:alegorized u concamina!ed or uoeoncaminaced, but would allow outfaIJs '
carryinl sanicary wucewarers 10 be identified u such. These outfalls could !hen
receive highest priority for furlher investigation leadinll CO source control.

This flow chan was designed for use in residential and lor commercial
aras only. 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 should be located and
CllWIlined. The first indicator is !he presence or absence of dry-wea!her flow. If
DO dry.wea!her flow exists at an outfall, !hen indications of inrermittent flows
must be investigated. Specifically. stains, deposits. odors, unusual stream-Side
veptalion conditions. and damage to outfall S!rUCtUIeS CIIl all indicate
inlemlittenl non-stormwater flows. However. frequent visits CO outfaIJs over
lone lime periods, or !he use of ocher monicorinll techniques. may be needOl1 to
confinn Ih,at only SIOnnwarer flows occur (Field et aI. 1993&). If inrermilfC!lt
flow is not indicated, then !he outfall probably does no have a concaminaled
non·stormwater source. The other points 00 !he flow chart serve CO indicare if a
major contaminatinll source is present, or if the Water is uncontantinated (Lalor
1993). Component contributions cannot be quantified usinll !his method,~
only !he "most concaminated" type of source present will be identified. Sources
are ranked from lowest to hillhest based 00 !heir concaminalion poIeotial in', the
foUowing way: (1) Na!Ural warer sources, (2) Tap water sources, (3) Wasil
WlIIer sources. (4) Sanicary wastewarer sources. Numerical values presented in
the flow chart were developed from source flow data collected during metJtOd
development in Binningham. Alabama (Lalor (993). Values should be verified
for ocher locales.

If more specific source information is desired. a more complelt approach
Is necessary. Algori!hms based on the simultaneous solution of a series of
cbemical row balance equations have been developed CO predict !he most likely
flow source, or sources, maldng up an outfall sample. and ue discussed in !he
foUowing paragraphS. The degree of accuracy Khievable will depend peatly
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upon the alalt of local trxer dala pthered to describe potential soun:o flows.

Cbemjcal Mass Balance: at Outfalls: Matrix AlgebJl SaluMa
Flow conll'lbutions liom various soun:es may be eslimaled by usinl a

'l'CICepUlc mode!' based on a set oi chemical mass balance equation. Sucll
models, which assess the contributiOlls liom various soun:os based on
observations at samplinl siles (the 'receptors'), have been applied to the
investiplion of air pollution sources (or over 20 years. The clIancIcrislic
°sipalURS° of the diffcn:nt types of soun:es. II idc:ntified in the library of
soun:o flow data devcloped in the: study area, allows the development o( a set of
mass balance equations. Th~ equations describe the measured concentrations
in an outfall's flow II a linear combination of thc contributions liom the
diffcrcnt POlCntial soun:es. A major requirement foc this method is the physical
aad chemical chanclCrizaQon of wators collcctcd dirccdy liom potential soun:es
of dry~weatherflow. This allows c:oncentratiOll padCmS for the parameterS of
inlaal to be cslablished foc cadi type of SOUI'Ce. If these panems are diffen:nt
for cacb source, tho observed concenU'llions at tho outfall will be a linear
combination of tho c:oncenU'llion paucms liom the diffcrcnt compoRalt soun:es,
cacb weightod by il source strength 1CnD (mo )' This soun:o strength term would
indieato the fraction of outfall flow originalingliom cadi likely soun:o. By
measuring a number of paramacrs equal to, or pater than, the number of
poa:ntial source types, the source strength term could be obtained by solvinl a
set of cbemical mass baIancc equations of the type:

where C, is die concentration of panmCfCr p in tho outIaU flow and :c,. is the
conccnttalion of paRIllClCl' p in soura: type II. As noled above, the m. term

rqm:sena the fraction contribution of flow liom source type II affectinl die
outfall dry weather flow. The selection of paramacrs Cor measurement should
Rficet evallWCd pa.raIlICICI' usefulness.

Chemical Mass Balance at Outfalls wjW MOple Carlo Sampling
The MonIC Carlo method goes one SlOp flintier than the matrix a1gcbJl

solution by allowing the variation within the library values for each source type
to be considered. lnslOad of usinl a single value (i.e. mean value) to represent
the paRIllClCl' concenU'llion (C,) for cacb likely type of soun:o flow. a MonIC

Carlo simulation is used to randomly select values liom a swistica1 distribution.
MOlIlO Cuio samplinl is a tnditional method of samplinl randomly across an
entire iaput variable dUtribution. Any value aaoss We rangc of the distribution
isblc. a1thou h the sam lin is influenced b thc 'v
aasiped 10 caclI value. The man: probablc values will have a lreator cbance of
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bani JdecIed. (Lalor 1993).
Based on samples col1cc:lcd liom known soun:es, probability

disuibulions IRl c:alculared, (or aclI puamcrer (c:ondllClivity, fluoride,
Iwdness, eu:.), within cadi poa:ntial soun:o flow. Dislribulions c:oasidered in
this pruc:edure include normal, Iol-nonnal, aad unifonn. Local soun:o flow
quality IIIOIIiIDria& is necessary to obIaiII this inCormalioa, as disc:uued
previoUsly.

MonlO Carlo simulalioa pncnra SCIS of CCIllCCIIUaIioa values based 011
the~, coofficicnt of YUialiOll, aad disuibulioa of eadl puamcrer within
each soun:e. A set of equations is eaaIllisbed for each set o( sampled
conc:cnU'llioa values lenenred by the MOlIlO Carlo simulalion. The fraaioa of
flow frO.... cacb poa:ntial soun:o is calc\llaled by JOIviDl eadl set of equations.
1beso low values IRl then stoRld. Mulliple Iriab are used to Calculate the most
probable soun:os of CO'!laminanlS (or aclI oulfall.

P Igyistjptjm and Bcrnodjatjgn
The investiplion of poUUlaIIt soun:es involves upsueam SIII'VeYS to

pIOIIeli,sivcly IW1'CIW the dnina&e area(s) of cancem and locato the pollutant
source(~). Upsnam surveys caD take a Dumber of forms includial:

1) Analysis of dry-wcadlu flow at st,1IlOIU:alIy desipatod upslIaID
IIIilIIIIoIes and/or aa:ess poinlS whicb iIIcludes all or some 'of the metbods
and parIIIICIaS measured at the oulfall:

2) Ia-depdl watersbed evalualioa of poa:ntial soun:cs, adUeved by
developinl on infonnalioD pined durinl mappinl and tracer dala
collectiOll; and

3) Localiz.cd surveys by vilUll inspection, 'IV camera survey. and
smou and dye tests.

Ja some of the case studies invalipled. correclinl ptablems only at the
most contaminated outfalls resulled ia insufficient RlCClivinl wall:r quality
impIovemenlS. Therefom after the CCllIlamiDatod ourfaIIs have been idc:nliftcd,
most of tbcm are likely to requin: comction ifRlCClivinl water quality recovery
is to be affectod. However. CillOgorizinl the ourfaIIs allows the most serious
outCaUa to be recognized and corrective action to be inilially concenualOd ia the
most CO#-effective manner.

For an effective improvement in RlCClivinl water quality (assuminc a
problem exists), the investigation and correction of only illicit SlOI'II1wator

entries is unlikely to solve the problem. Dry-wcadler flows are only one soun:o
of pollutants and an cffective improvement may requin: a comprdtensivc
investiplion and remediation propam c:overinl wcc-wca&IIcr indw:cd flows as
we\J.
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Di3QIssjon and Conclusions

The main purpose of lhe research from which lhis paper emanated wa.s to
develop and lest an effective screening melhodology to identify stooo sewer
outfalls which are contaminated by illicit discharges in residentiaJ and
commercial land use areas. Stooowat.er outfall screening melhods presented here
were tested in residentiaJ and commercia! land use areas only. Techniques
appropriate for induslriaJ land use areas are discussed in Jn~tigalion of
IlIDppropnQle POIIUltJ1ll ENnes into Storm Drainage SyStems (EPA 1993).

Each of lhe screening melhodologies evaluated is based on lhe location
and investigation of SlOoowater outfalls wilh dry·wealher flows. Consider.ltion
must be given to lhe potential of outfalls to carry intennittent discharges•.
Intermittent discharges are not inconsequential. and are liIce1y to be missed
durinl infrequent outfall $CRICOinl visits. Care should be tabn to note evidence
of intermittent discharges. such as unusual sediments. stains. odors. or abnonnal
veeetltive crowth around outfalls.

Additionally. field work associated wilh lhis research confinns the
Importance of investigatinl all stooo 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 nepave physical indicators of contalllination alone. such as
color. odor. lack of clarity, and the presence of floatables or deposits, resulted
in a hip false neptive laJe of 20". and a false positive rate of 10".
Eumination of outfaUs for negative indicators of contamination identified On.1y
the most lrossly contaminaled commercial outfaUs. Outfalls carryinl sanitary
WU!eWaters in mixtures with uncontuninated waters, one of the most serious
concerns. were frequendy missed usinl this melhod. .

Tesanl dry-weather flows in residential and commercial areas for only
the parameters identified by EPA as minimum requirements. (pH, chlorine,
copper. phenols and deterlents), 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 deterJents (lower limit of detedion 0.06
milL as MBAS). Durinl this reseud'i ef(on in Blrminlham. Alabama. all
flows from conwninated outfaJIs conl2ined deterlents, while all flows from
uncontaminated outfalls did not. No false positives or false neptives resulted
from the use of this method. No further prioritization of outfaUs was posSible
usml only the parameters identified by EPA. However. in residential and
commercial areas. pH. total chlorine, total copper. and total phenols could be
useful in identifyinl industrial discharges not previously known to exist within
the drainage area (EPA 1993). .

Testinl for fluoride, ammonia., and potassium. in addition to detergents,
allowed for funber prioritization of outfaUs. !ly idenlifyinl the outfaUs most
likely to be contaminated by sanirary wastewaters. wash waters. or re1aIIveJy
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clean tap water sources. Using lhe flow chan presented in Figure 2. the mOil
serious contaminating soun:e can usually be identified for each outfall. whether
or not the flow is a mixture originating from several sources. In flows issuing
from a single source. lhe sole flow component can be idenlified. n multiple
source tlows which include at least one contaminating source. a contaminated
source can be identified as long as it comprises at least approximalCly 10" of
the flow. In mixllll flows. contaminatinl sanitary wastewaters may be
inc:ornlct1y idenlified as wash water when they conuibute less than about 25"
of the flow. This depends on lhe ratio of ammonia to potassium in both the
sanirary wastewater and the other flow sources. The use of the flow chan in this
research resulted in no false neplives. no false positives. and fUnber. lhe
correct identificalion of the most contaminated source conuibuting 10 lI:ICh
outfaJl analyzed (Lalor 1993).

The use of chemical mass balance equations as a means of identifying all
sources contribuMI to flow at a given outfall is appealing in theory. However.
this research indicated lhal the amount of variation present within potential
sources of dry-weather flow. as well as lhe likelihood of unexpected and thus
unc:Jwacterized Rows. especially in commercial areas. ntade this method
iJleffective for use in this application. Possible additionaJ modification to the
chemical III2SSS balance program, such as alIDwinl for the inclusion of more
equations !han unknowns, variable weiplinl, and the 1inJdng of variables with
rdatively high c:orreIationcoefficients, couJd improve its effectiveness (W~son
1958). However, these modifications are notliJcely 10 fully compensate for the
hilblY variable character of many of the potential dry-wealher flows which will
be encountered in this application. The amount of time and efton required to
adequat.e1y identify and characteriz.e potential sources also decreases the
economic advanlage of this melhod over wide-scales dye testing. Use of the
chemica! mass balance method in this research. with no threshold for program
lIOise. resulted in a false positive rate of 40". and no false negatives. FURber.
the most contaminated contributor to flow was incotreetly identified 70" of the
lime.

Defining a threshold level. based on analysis of many samples from
known sources, and disregardinl identified flow contributors below this level.
reduced the false positive t2te to zero while mainl2ining a false negatives I'2te of
zero. However, the most contaminated contributor to flow was still incotreetly
ic1elltif1ed SO" of the time, ma1dn1 this melhod less useful for prioritizing
outfalIs than the simpler flow chan approach.

In summary. the foUDwinl screening melhodology is sUliested. All
SlOmIwater outti1ls and direct discharge pipes should be located. AU dry­
weather flows should be sampled, reprdless of the sire of the pipe. Evidence of
intermittent flows should be noted. and the affected outfaUs should be visited
again. The flow chan in Figure 2 should be used as a guide for interpretinl
screening data. It is exlremely imponant to determine the Iluoride. ammonia,
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and powsium vaJuca for ground. surfac.c. and lap walaS in tho local SlUdy area,
if outfall screening dala is 10 be inlCrpl'Cted willl confidcnc:c. 0u1fa.l1 samp1ea
collcclCd should be taUld lirs& for detcr&erlls. U desired. samp1ea testing
nqalive for detergents could be lCSICd for fluoride, 10 idenlify flows from
relatively clCllll lap walCt soun:ca. Samplca ICIIinC positive for dca:r&enq abouId
be ICSICd for ammonia and powsium. A high ammoaia-lO-powsium ratio
iJldicaleS those oulfa.l1s most likdy 10 carry flows from sanitary waslCWaler

SOUItICS. These outfalls sources receive lIle highe$t priority for source comlCdoa
mcasuR:S.
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Appendix U: Recommended Tracer Parameccrs

Specific Conduetivity- Specific conduclivity caD be used as an indic:afOr of
dWoIved solids (i.e•• ions). The variaIion bctweerl WaICI' and wasfCWalCr

soun:ca CUI be subSlllltial enough to indicare tJIo soun:o of a cIry-wcadler flow.
and because die measurement is easy. quick, and chellP it is a SUllcsrcd tr.II:Cr.

F1uorid9- F1uorido conc:enualioa sbould be a reliable iJIdicaIor of potable water
where lIuorido levdJ inllle raw WaICI' supply lie adjusud to consislCl1tlevdJ
aIlll whc;rc poundWalCl' has low naaual fluorido levels.

~ Hardness may bo useful in distinpisbinl bctweerlllllW'll and uated
waten, (like fluoride), as well as betwClCll clean IRaICd waren and waten Ihal
have been subjCiClCd to domesdc \ISO. It sIIould be nored that Iwdlleu of waten
varies Considerably from plaalto place, witb poundwaren pncrally beiDl
hanlcr'dlan surW:o waten.

AmIIKinwAmmonium- The presence or abscace of antmoaia (NH3), or
~um ion <NH4+). has been commonly used as a cbcmicaI incIicator for
priorilizina sanicary wastewalCI' Cl'OSI-COIIIIeC drainap probJcnq. Ammonia
sbouIli bo useful ia iden1ityinl sanitary wastes aIlll distinpisbina tban from
COIIIIUn:ial water SOUR:CS.

Potassium" Orcucr polUSium conccnmons bavo been noced for sanicary
wasteWater compared to potable water during studies reviewed. These polUSium
increases foUowinl domesdc WaICI' usaco reveal its potential as a tracer

~.

Surfadants and F1uoracene:o- SurfacIan" from dcrergmu used in bouscbolcI
and ia4ustrialiaundcring and oIher clcanina operations rcsu1ts in high
COIlCCIlirationa ia wastewalCI'. Anionic suniM:laDts ICCOUIIt for approllinwcly
two Ihirds of Ille lOIa1 surfaclants used in dc:terpnlS in lbe U.S•• aIlll anl
commonly mCSSllnld as Melhylcne Blue Active Subslanccs (MBAS).

, Water fluoraccnec is also an indicator of dc:terpnt residue in waten.
Most clcJ.ergcnts conlain fabric whilCl1ers whidl cause subsWltial fluorescence.

pH- The pH of most cIry-wcadIer flow soun:a is close 10 neutral (pH - 7).
However. pH vaJuca may be C&lRlIIO (below 6 and above 9) in a:nain
inappropriate commerdal and industrial flowa or whete poundwaten conlain
dissolved minerals. If unusua1'pH vaJuca lie observed. Ihcn lIle drainage sYSlClll
needs 10 be carciuUy evaJuaICd. Note Ihat pH vaJuca lie a power func:liop and
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therefore now contributions cannot be proportioned in the same way
concentr:ltion vaJues can.

Temperature- An e1evared temper.uure of a receiving water can indicate
contamination, particularly in cold weather. Sanitary wasa:water and cooling
water are examples of sources in which temperature elevation may be nored.

Total Available Chlorine- Chlorine is not stable in water, especial1y in the
presence of organic compounds. The chlorine demand of contaminated water
ClUl be very large. with chlorine concentrations decreasing to very small values
after shon periods of time. The presence of chlorine in dry-weather now could
indicate a significant and very close potable water flow source or industrial
discharges. (Field et aJ. 1993a). .

Appendix m: Recommended Tracer Analysis Methods

Specific Conductivity and Temperature- Field measure using a multi·par31IIeter
SCT meter from YSI. Both specific conductivity and t.emperatUre must be,
calibnted against standard specific conductivity solutions and a standard

tbemtometer.

Fluoride- Lab. analysis using a field ~hotometer and evacuated reagent
and sample vessels (BACH DRI200(jrM and Ac:t:uVac™ ampules usinl:
SPADNS reagent. without distillation). The samples should be filtered ~Ih
a 0.45 11 membrane filter (e.g.• MiWporeTM filter) before analysis to minimize
color interference. .

Hardness- Lab. analysis using a fleld-titrimetric kit (BACH Digital 'fitr:llOl'
Model 169(0). Filter u for Fluoride. ..

Ammonia- Lab. analysis usinl a d~essIerization procedure and
spectrOpI1oIOmeter (BACH DRI2000 Nessler method. but without sample
d1stilla1ion). Filter u for Fluoride.

Potassium- Lab. analysis usinl either a spectrophotometer (HACH DRI2000~
Tetnphenylborate method), or a flame atomic absorption spectrophotometer (if
available). Filter u for Fluoride.

Surfactants- Lab. analysis using a simple comparative colormetric (color wheel)
method (from the HACH Company). F"dter u for Fluoride. This proced\!f8 to
be condUCUld WIder a laboratory fume hood.

17

Fluorescence- Lab. analysis fluorometer (Turner model III); The fluorometer
hu general purpose filters and lamps and should be operared u the most
sensitive setting (number one aperture).

pH- Lab. measurement using a standard laboramry pH meter aftu accurate
calibration using ill least two buffer solutions brackl:ting 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 available chlorine was determined with the DPD method using a
HACH DRI20(XirM spectrometer with AccuVac™ ampules.

Wiler color- Lab. measurement using a simple comparative colonnetric (color
wheel) field test kit from the HACH Company. Apparent color (unfiltered
samples). expressed in HACH color units.

Tlubidity- Lab. measurement using a HACH Nephelometer.

Toxicity screening- MicrotoxTM (from Microbia) toxicity screening for
re1aIive toxicity values. The 100 percent screening test was most commonly'
used. If the light output decrease after 25 minutes (the 125 value) was greater
thaa 50 percent. then the ~dardMicrotox test wu used to determine the
sample dilution required fOr a SO percent light decrease (the ECSO value). (FIeld
et a1. 1993a). :
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FINDING ILLICIT CONNECTIONS 1& DISCHARGES wrm pilL

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

The City of SearborouCh Is a lower tier (area) municipality of 172 square
1dI0metres. population of about $$0,000 and borden on the north shore.of Lake
Onllrio. About 8$" of the area Is fully developed with 7 distinct areas zoned as .
Induslrial DIstricts (16" of lotal area). About 400 known ICI sites have
stormwater dlscharces (70" are In lnduslrial Districts). The City Is drained by
three watercourses which receive stormwaler from 826 outfalls. Thirty-tWo WCe
outfalls dlseharCe directly to LaJce Onllrio. Storm outfall and up-pipe pollution
prevention efforts utilize aprollimately 6,000 manhoun per year. /lnaIydc,
laboratory costs avence $35,000CDN per year. Equipment costs avenae S."OOO
CDN per year. First year start up costs approllimate $200,000 CDN for 70" of
total arejl. No Slormwaler dlseharle permits are Issued In Scarboroulh except for ;
·once·thru coollnc water· to storm. All storm waler quality Is specified by a
Sewer Use Bylaw on a concentration basis, not load. All outfalls, drainlle areas
and pipes have been diCltally mapped. Watercourses are monitored. !II select
locations durinC dry and wei weather, and on a seasonal basis. Specific storm
dralnace areas receive Intensive Investlcation. Outfall problems are Identified by
chemical, bloloCical and visual criteria. Problem outfall (storm sewence)
Investigative techniques include visual, blololical degndatlon, chemical and
physical assessment. Dlseharce characterization techniques usinC flow meiers,
non-Intrusive sensors, video cameras, absorbent stlcles/pads (for petroleum), dye
testinc, smoke testinc and pressure testinC assist In problem verification. '. Flndinc
illicit connections and dlscharCes requires dedicated Programs with Procedures
that may be executed with Intuition and occasionally Luck (P'IL).

Inlroduction

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 EnerlY

, Manacer of Water Resources, City of Scarboroush, 300 Consillum Place, Suite
1000. Scarborough, Ontario MIH 3G2 CANADA

Minor

(MOEE) and the Ontario Ministry of Natural Resources (MNR) regulate all Issues
on a province-wide basis. Provincial agencies, such as Conservation Authorities,
reculate some water issues on specific watershed bases.

The MOEE reculates predominantly water quality issues. and permits the taldnC
of water from surface and groundwater sources. The MNR reculates water as a
habitat and resource Issue. Conservation Authorities focus on water quantity
control. flood and erosion Issues. Lqlslatlve authority over storm water related
Issues reslS predominantly In the:

• Ontario Water Resources Act (enforced by MOEE )
Environmental Protection Act (enforced by MOEE )

• Federal Fisheries Act (as enforced by Provinelal MNR)
However, other legislative aets have impact on waler dlseharce (quantity and
quality) Issues. The Building Code Act (1990) Ineludes reculations pertainincto
plumbinc and drainace specifications for private lots and some industrial activities.

As environmental concerns and public awareness Increased In the mid 1980's, the
specific leaislation and reculatlons of the late 1970's and early 1980's have been
·enhanced· (with many well Intentioned Interim Guidelines.... and Dnft Interim
OuldeUnes .....) without amendlnc the leelslation. The bottom line of all
rqulations pertalninc to dlseharCes of storm water to the environment Is that the
owner (or eontrolllnC party) of the dlscharce Is deemed to be responsible.

The City of Searboroush (172 square kilometres, population 550,000) owns and
opentes all sewer conveyances. The City does not own or opente sewace
treatment services; treatment Is provided by the upper tier Metropolitan Toronto
Reclonal covemment.. All storm sewer conveyances dlseharse at outfalls or
ditches (approximately 825 In Scarborough) Into the local waterway
(environment). Hence, the City of Scarborouch Is responsible for local discharge
quality issues. Currently no storm water dlseharce permit or approval process at
the municipal level (ot~er than to allow once-thru coollnc water on a site by site
basis) Is practiced. No specific revenues are cenented on storm Wlter; Ceneral
·sewage rates· are calculated on potable water consumption.

The MOEE proposed procnm of Municipal Industrial Strategy for Abatement
(MISA, 1986) Includes detailed specifications for quantity and quality ofdischarCe
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-lawenhancements, have undertaken waterway and outfall eval,.ations.
The MOEE has provided varyinc levels of financial assistance through subsidy
prognms.
Municipalities within the Great Lakes Basin area of Ontario have been provided
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Wilh yel anolher challenee by !he Canada-U.S. Greal Lakes Water Quality
Alrcement under !he InlcrnaUonaJ Joint Commission (UC). Fony-!hrco specific
•Areas of Conccrn· were idenlified in !he Great Lakes Basin. The Metropolitan
Toronlo and Relion (which includes Ihe City of Sc:arboroulh as an area
municipality) was specifically idcnlificd and a Remedial Action Plan (Melro RAP.
1994) has bcc:n crcaled. Aclion plans proposed in !he RAP include specific Trace
and Disconncct Prolrams for cross connections in bo!h Residential and
InduslriallCommerciaUlnSlitutionai (ICI) locations.

Clc:arly, the inlent to improve storm waler discharles in Ontario has now been
conveyed to public and political audiences, as well as to !he municipal and private
ICI corporalions.
In rcsponse 10 this intent and scruliny, !he owner of a discharle (outfall) mull
carefully provide a blended response to:

• public ellpeclalion
• polilical promises
• rClulalOry requiremenlSldue-dililence
• budletary constraints

Such a blended response must carefully compare !he benefits betwccn shan lerm
projCCts and lonlterm prolrams. .

The City ofScarboroulh has developed a series ofpropams dedic:ated 10 poIIulion
control and SIOrm waler isslles. Findinl and concctin, lWc:it c:ontlClClioIII b a
major componenl of !hese prolrams. These procrams have specific procedures
Ihat. on occasion. may be aUlmented wi!h intuilion ind luck.

Experience suppons !he premise Ihat !he mOil successful ventures inlO storm W..lU

issues should stan wi!h ,!he crealion of a lonl lerm procram havin, specific
descriptions of:

• intent (includin, lonl lerm environmenlal benefit, corporate duo­
dilieence and rceulalOry compliance)

• objcclives !hat arc open to public and rc,u1alOry scrutiny,
endorsement and suppon

• loais (measurable aclions or paramelers used for determininl
prolram prolrcss)

• budlelary and slaflinl requirements

Promm Crealjon

ShgrtlCrm vcnlures. seasonal projccts and site specific aclions all have immediate
political and public appeal because dollars arc quick!y speRt and visible action is
taken. The lone term success of Ihcse venlures. howcver, may not be readily
apprccialCd. achieved or even verified. A prolram for findinl and corrcclinl
illicit conncclion shoul
oulfall and walcrcounc miinillemeRl slralelY.

At tho municipal ,ovemment level, Ihc lonl term suc:c:css and survivaJ of tho
prolram requires a complete undcrslandin" clear cJoc:umcntation and disclosure
of !ho true inlent and loais of the prolram. Specifically,!he ideal pro,ram
should;
i) be crcaled and considered as a lon,lerm proaram and not as a projcct of

• few years duration.
ii) clearly slate !he obvious environmenlal problem(s) and associated human

. heal!h risks so lhat officials and !he public have (and conlinue 10 have) a
hilh level of comfon wi!h budlCWJ and staffml issues.

iii) Slale realistic loais. wi!h realislic schedules Ihat will be reponed on
anRlwly.

iv) have annual review procedures for starlinl and budlCWJ requirements,
and aclively seck fundine from cxislinl or new senior lovernment
subsidies.

The City of Scarboroulh currently enjoys stronl polilical and public suppon for
its prolrams. This is very imponant 10 prolram _Icvity and fundinl as no
di~le permit or approval process (and assoc:iated revenues) CWTCAtlY cxiats.
AU prolram fundinl is achieved lhrou,h laX based annual budlClS.

i

PmliJm Components,
A sui:ccssfuI invesdlaUon procram should be carefully and c:ompl~y pIanIled
before field effons belin; field Implcmcnwioa should be phased ia over two
yeari. Implementation schedules should be c:arefuUy scrutinized and reassessed
Ihroupout!he second year.

Phase I
To avoid lOll lime, effon and Incomcc assessmctIts, tho first pbasc should be
primarily administralive with minimal fieldwork. Spociftcally;
i) Walershed areas should be mapped willi associalCcl overlay. of streeC pid

and sewer layout (includinl boIh sanitary and storm). A Geopaphic
Information System (GIS) wi!h dililized mappin, facililies can provide an
Ideal format.

ii) Each walershed area should be mapped willi locations and idenlificadon
codes of all SIorm di~harle localions (outfalls, ditches. infiltration
pilSllaloons. silnificant overland fiow routes).

iii) .A drainale map for each storm drainale area. serviced by an individual
discharle oUlfall. should be constructed wi!h site specific idcnlificalion of:

• all manholes (maintenancc holes) and c:alchbasins
• combined sewer areas
• combined sewer overDow (CSO) localions
• sanirary pumpin, station overDow and forcemain locations
• seplic or holdinl tank silCS (areas not serviced by sanilary
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Screenlnl procedures should be conducted In progression as follows:
• outfall assessment
• up-pipe Investigadon
• focus on specific sewer branch and lateral connecdon
• verification and documentation for correction and/or lelal action

Phuem
Field assessmenlS should always be conducted by teams (minimum 2 JlOt'Ons per
team) where each person Is funy trained and cerdfted (when appropriate) In

• confined SpICe access
• first aid/CPR
• road closure and traffic control procedures
• sampllnl procedures
• chain of custody procedures
• data 1000lni

Phase n
Field verification of outfall location, size and construction material should
commence at the end of PhaJCl I and continue throulhout PhaJCl II. Specifically,
I) attention should focus on access rqutes, access hazards/restrictions.

Instructions to starr for access by gatesfgrates should be coded.
II) each outfall should be photographed and coded for specific outfall

Identification.
01) all outfalls (and drainage areas) should be ranked by size of pipe (hence

approltimate size or drainage area) and potential number .r latetal
connections.

Iv) laterai connections can also be ranked by size and/or by code ,for street
Cltchbasln, residential lot, ICllot, etc.

F1IU~ I: SAMPLE PARAMETERS AND TIlRESIIOLDS USED TO
SELECT OUTFALLS FOR UP·PIPE INVESTIGATION

10,000 /100 mL
'0.000 1100 ml
'0.000 /lOO,ml

100 /lOOtml
5.0 mglL
1.0 mill
1.0 mill.,
1.0 mglL
1.0 milL
1.0 milL
1.0 mgll

6.0>pH>9.'
1000 mill<, mgll
>4' "C'.0 mgll

Threshold Units

(EC)
(FC)
(FS)
(PA)
(TKN)
(TP)
(CU)
(ZN)
(PB)
(CD)
(CR)

~
(DOJ
(Temp)
(BOD')

sample parameters should Include field measurement of
• flow rate (Usee)

temperature ("C)
dissolved OKYIen (mgll)

• pH
• conductivity (llmho's/cm)
Orab samples should be taken Ir now Is greater than a triner limit
(ie. 0.1 Usee). Analysis of samples should Include parameter! In FII. I.

Additional panmetres may Include:
• Oil/Grease reported as I) animal/vegetable

II) minerai/synthetic
• Chemical parameter(s) specifically related to local ICI

Parameter

Escherichia Coli
Feeal Coliforms
Faecal Streptococcl
Pseudomonas Aeruginosa
Total Kjeldahl Nitrogen
Total Phosphorus
Copper
Zinc
Lad
Cadmium
Chromium
pH
Total Solids
Dissolved oXYlen
Temperature
Biochemical Oxygen Demand

b)

c)

Each drainage area map can then be enhanced with:
• Induslrial tones/distrlclS
• specific Industrial sites
• once-thru cooling water discharge locations
• major transportation corridors and induslrial !rafflc routes
• Individual lateral connections to the sewers may also be

Identified If historic connection cards and a dllidzed Sewer
Inventory Maintenance System (SIMS) are available

Iv)

Outfal! Assessmenl Procedure

a) Visual assessment for solids, odour, colour, oil and IreISe "sheen", paper
and I'lIIS, struclural damale and acid erosion, can be enhanced with visual
clues or blololical degradation/enhancement (lou or prolifel'lldon of
aquatic veletation. macrophytes or Invertebl'lltes In the Immediate area of
the receiving WIter). .

Characterization or outfalls Is the most labour intensive and costly activity of the
program. It Is also a very important activity (second only to findlnl and remoYinl
a cross connecllon) and must be carefUlly documented for compliance and
enforcement issues, lonl term lrend analysis and watershed loadinl estimates.

Bacterial data should be reported as a leometrlc mean COIInt per 100 ml sample
volume.
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Chemical concClItrations should be reported as /low weiehted mean conc:cnlralions
(FWM)j this removes some bias iWOCiated with extreme variations in /low rates,

FWM .. -SI'llL
q/n

where q .. /low ralC
c .. concentration of palamcICr
n .. number of samples collected for parameter

Load calculations should be expressed as an arithmetic avenee load (L),
La qcln

users, cllcmical tests specific for that area will result In better invCSlilaUOA
proercss but cost silnificanlly more ia analytic costs and extended tum around
times.

In areas bavine mixed rcsidClltiai and ICI, especially ia wee areas serviced by
storm pipes >700 mm, the visual and bacterial tests should always be investieated
and solved first. After bacterial sourteS arc removed, cIIemical lCSlinl can
procc:cd without interference form alternalC sourteS.

Sap)plipi Localiop and FWlJlepcy

AU visual data should be summarized and ranked by prCSCllcclabSCllce criteria. AU
chemical and physical data should be summarbcd and ranked by concentration.

Outfalls havinc visible problems plus chemical and physical data in excccdanco of
threshold values should be prioritiud for immedialc up-pipe lCSlinl.
Outfalls havine no visible problems may have cIIemical or physical problema.
Rankine by FWM and loadines will assist in prioriiWne spcQfic oulfal1s for up­
pipe investiaalion.

Ultpipc Ipycslication Procqlures

Always usothe same invCSliealion team onl prioritized oulfal1. PcrsonaI _Iht,
expcriCllce and continuity of field procedures arc very Important in minlmizinl
lime and COSl. intuition should be considered but always verified by samplinl.

The coal of up-pipe testine is to determine whiclllee of sewer (between scqUClltiai
manholes) is rcccivine the.offendina discharee.

Re:eardless of the residClltiai or ICI nalure of the drainace area, visual clues and
bacterial lCSlinl provide the most elfective initial investiaation because:

visual clues of ralS, paper, oil/lrease and solids arc readily seen in /low
or on benchinl in manholes and pipes
bacteriallests arc usually reported in 24 to 36 hours (compalcd to 2 to 3
weeks for chemical lests)
residential cross connections arc usually whole house or basement
washroom in oriCin; bacterial counts will be hieh (E.C. >10') with only
somc measurable che:mical parameters
indusuial whole buildinl or unit cross connections usually include locker
and washroom facilities (industrial siles with multiple sewer connections
will require visual and chemicalleslinl after bacterial cross~nnc:clS arc
removed)

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

a)

b)

c)

d)

Manhole ClItry localions and samplinl freqUCllCies arc best determined by
the knowledeeable field team.

In small drainaee areas (pipes <700mm d1a.), S 10 7 1IWIb0ie ClItrics for
visual and bacterial teslinl should provide a eoad definition of problem
&rea.

In Wier drainace areas (pipes >700 mm dia.) tho firsa samPUnI cffOl1
may require 10 to 12 marlholc entries to SUCCCSlCuUy samplo ~or
intersections and pipe brancllcs.

Based upon the visual and first series of bM:tcriaJ resulll, subscqucna
sample runs should include 3 to S scqUCllliaJ manholes ia tho IUSpccI pipe
branch.

Typically, visuaJ clues become more evidCllt .. one Iell closer to tho site.
Within 200 to 300 metres of the source, avcrace EC:FC:FS:PA COWlts aro
~ 10':10': 10': IQ!. Typical storm sewers and outfalls havinl no sanitary
scwaee input have averaee EC:FC:FS:PA counts S IO':IQ!:IO': 10'.

When the affected lei of sewer has been idClIlified, it must be verified by
visual. bacterial and chcmicallCSlinl (with flow estimates) in the upstream
and downstream manholes.

Once verified. the difficullaask of identifyine tho exact point of discharlC
to the sewer can be undertaken;
i) ResidClltiai areas require house by house dye lCSlinl of sanitary

facilities. This is laborious and typicaUy <SO" of buildines are
accessible on any liven day of effon. Repealed returns to the area
may accomplish up to as" ofbuildinctestin. but rarely is 100"
access acquired without SClIdinC recistered letters and pre·arranCinl
a(ter·hour/wc:c:kClld lesUne.
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Dj(ficu!t Scenarios

fewer lateral connections and usually have control manhole! for
direct acceu. Large Individual ICI site cross connections can
result from:

site or building expansion over existing outdoor drain! and
catchbasins
outside storage area lind loading and receiving bay. may not
have spill conllinmenl facilities

iii) When aeeeu problems occur in re!ldentiai sites or cerllin ICI sile!,
allernate lest! may be progressively used:

smoke leslS in sanitary sewer
smoke Ie!t! in slorm sewer
video camera (In·pipe) to find and observe offending lateral
dye le!tlng rain water leaders

ill infiltration into storm pipe during rain event! or seasonal
high groundwater that Is moving contaminants from
adjacent lands (landfill sile!, Industrial site, septic beds,
etc.) To verify this problem, I series of borehole! and
subsequent soil/water le!ting should be conducted In the
immediate vicinity. Positive results may lead to a large
scale and costiy remedial effort at source and In the utility
trench.

Start up costs, In the first year, need not be excessive. Scarborough contracted
Phase I (without digitilln,), Phue II and Phase III (only oUlfall characterilltion)
for 7095 of the City (SS4 outfalls) in 1986 for about $200,000 CDN (Gartner Lee,
1981). In subsequent years, staff have digitized most of original Phase I, 11 work
md have conducted Phase I, II, III on the remaining 280 outfalls (250 outfalls in
the combined sewer area having n CSO's).

Documentalion

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 currenl program content! have been polished with hindsight.

The creation of a similar program must have full and accurate disclosure of
financial and sllff requirements from its inception. Failure to properly budget and
control expenditures, even if many cross connections are found and corrected, wlt\
jeopardile the wrvlval of the program.

The initial phases of program creation (mapping, codinl locations, etc.) will
become the backbone of a succeuful 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 nece.uary. The
·thrill of the chue· usually expedites the finding of the crou connection.
Concurrent poor documentation may inhibit the correction of the aUegedproblem
e!peclally if the owner becomes adversarial; the lood luck of quickly f1'.'dlng the
source may tum to bad luck.

Outfall characterilation data and cro!! connection efforts will complement other
watershed or stormwater management program efforts. Proper documentation and
fllIn, of data will help !explain variations In local watercourse conditions. This
documentation Is essential In maintainin,l hllh level ofcomfort with ,ovemmcot
officials and the pUblic~

Full Invesligalion and In'pipe video reveals no 101 lateral connection
(typically a chemical, not baclerial problem). The investigation
team should SUSpecl;
i) spills or illegal dumping inlo roadside calchbasins 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.

No definite leg of sewer (between sequentl~ manhole!) can be
Identified after J or 4 sample runs. The investigation team should
suspecl;
I) faully slructure or Integrity of sewers whlc~ allows

contaminant! 10 escape from the sanitary !ewer, crou
bedding material and Infiltrate the storm sewer•. Pressure
le!tlnlthe sanitary sewer Is I willble verification test under
these circumstanCe!.

II) more than one source of contaminant exist!, luJwever~
sources ue Intermittent because of shlftwork orweelrencl
schedules.

Ill) Ihe offending party has observed Invesligation temj1s efforts
and has allered buslne!s schedule 10 avoid delec~.

To deal with issue Ii) and iii) Ihe investigalion leam should leave Ihe area
for about I week, then return and Install aulo samplers Ihal colleCt discrete
hourly samples. These aulo samplers may be augmented with flow loggers
or pH sensors to help define Ihe liming of discharges into ~ branch
sewer.

Scenario 12:

Scenario II:

, MInor 10 Minor
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Phase III cross connection dforts continue yeat round utilizinl about 6,000
IIWIhours per year. Annual equipment costs. since 1987, haveaveraled $1',000
CON per year. Analytic laboralory costs averale Sl',OOO CON per year.

Phase: III oulfall characlCriulion is bcinl repealed on a five yeat schedule wiab
cc:nain oUlfails visiled more frequenlly based upon complaints (or spill
occurrences) and as verification afler a cross coMeclion correction.

Typically I abc lirsl and $CCond year of abc Phase III effora reveal abc IrcllCU
number of cross conncelions per unit eCforl as Iross visual problems (ie. bean
sproulS, oil/lrease:, fish scalcs1eyes. acid erosion, ele.) arc assessed and quickly
lracc:d. Subsequent efforts, dealinl with clear waler chemical problems require
silnifiwllly more eCforl and COSI. Succc:ss per unit effort is maximizccl by uvinl
a dcdicaled prolram and specific procedures wiab allowance for intuilion and luck.

Positive reporlinl 10 City officials and abo pubUc on initial suc:cc:sscs and
subsequent follow up efforts is very imporlant. It should be sarascd Ihal cross
connections can appear II any timo and placo and Ihal only wiah a Jonl lcrm
prolram can slOrm WalU and walCrWays be mainlained 10 l!Ie public and
RlulalOry saandards.
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TABLE 1. Independent or lead applicants and coapplicants to the region·wide
NPDES stormwater permit for the Metropolilan Atlanta area and their 1990
population.

Manalement Task Force to develop efficient and consistent stormwater permit
applications. EPO's strategy was to issue a single pennit for the five county area
allowing each govcmmentlO apply indepcndendy or as a coapplicant with a larger
government. This resulted in 21 independent or lead applicants and 16 coapplicants
(Table I). By coordinating activities and sharing resources. the local governments
were able to reduce the resources required in aU aspectS of the application process
Including the stOtrRwater characterization work. The Task Foree members also
worked together to develop a regional approach for a long-term stormwater
monitoring plan.

142.000-
17.083
3.661
5,206
9.488

467.871­
7.860
5.483

17.498
7.723
2.482
6,560

282.752­
8.861
9.125

17.054
9.389
6.034
4,598

PoDul:ltion

Lead Applicant Ie Coappllcants

Government

453.400­
1~6.005­

, 4,541
13.104

415,200
4,201

20.823
34.8~8

4.053
~,510

9.039
46,213

2.642
6.970

'48,2.57
31.328
12.137
8.483

Population

Independent Applicants

Cayton County
ForcstPark
Jonesboro
Morrow
Riverdale

DeKalb County
Ownblee
Oarkston
Decatur
Dotaville
Uthonia
Stone Mountain

Clwinnen County
Buford
Duluth
Lawrenceville
Lilburn
Norcross
Sugar Hill

-Population listed Is for the uninc:orporatec:\ portion of the County

Cobb County
FullOn County
Acwonh
Alpharetta
Atlanta
Austell
Co1leae Park
EastPoint
Fairburn
Hapeville
Kennesaw
Mariena
Palmetto
Powder Springs
Roswell
Smyrna
Snellville
Union City

Government

NPDES MONITORING· ATLANTA. GEORGIA REGION
P. Michael Thomas.' Scon I. McClelland.2

The Iocalsovernments joined together with the regional planning agellCy.the
Atlanta Regional Commission. to form the Atlanta Relion Storm Water

Coordinated Regional Response· After the U.S. Environmental Prot~on
Agency (EPA) issued the final stormwater permit rules in 1990. the Georgia
Environmental Protection Division (EPO) announced that they would Issue a
uniform region.wide pennit for a five county Metro-Atlanta area of Cayton. Cobb.
DeKalb. Fullon and Gwinnen Counties. EPO defined this area as a large
municipality. despite the fact that it contains over 40 80vemments rangln. in
population from 2.642 (P:lImenol to 468.000 (unincorporated DeKalb CQunty).
The population for the entire five county area was 2.218.600 in .1990. The result of
EPO's action meant that small cities who had never heard of the NPOES .
stormwater program. had six months to prepare their Part I applicarion.BPO's
rationale for this action was that all these jurisdictions were contributing to
violations of water quality standards in Adanra area rivers and streamS. •.

The impact of SlormWater runoff on urban streams Is becoming more
significant as urban areas continue to expand and as ll'eated wastewater discharge
quality Is improving. Urban stormwarer runoff can contain significant amounts of
various pollutants Includlnl bacteria. sediments. nuaients and heavy metals (U.S.
EPA. 1983). The urbanization or development of a watershed can have a variety of
impacts on the stream. including increased flooding. streambank erosion and
pollUtant expon (Schueler. 1987). As a result. the U.S. Congress affirmed In the
1981 Clean Water Act Amendments. that stormwater pipes are point sourees of
pollution and must be permitted through the NPDES permit program. This paper
describes a regional SlOtrRwater monitoring plan developed and implemented in the
Atlanta Region to comply with NPOES rules and to characterize local slOtrnwater
discharges. ..

!tfiRODUCUON

DESIGN OF TIlE REGIONAL MONITORING PLAN

t PrIncipal Environmental Planner. Adanra Regional Commission. 3715 NOMside
Parkway. 200 Nonhcreek. Suite 300. Adanta, Georgia 30327

2 Associate. Camp Dresser Be McKee. Inc.. One Tampa Cenrer. Suite 1750. Tampa.
Florida 33602

To comply with the permit application requirements. a regit)nal
characterization plan was developed and each major government was assigned
appropriate sampling responsibilities. A number of different governments and

Thomas 2 Thomas
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alencies were involved in insaumentinc these sites and collectinl infonnation from
appropnate storm evenls. The d:ll~ collecled from each sile were compiled and
used 10 develop local StOrmW:ller event mean concenuations and polluwllloading
eslimlues tor the Repon.

NPDES Monitoring- The rules promulgated by the U.S. EPA. required that
ell:b permit applicanl collect "quantitative data from representative ouaalls· of
stonDwaler runoff. The objectives of this sampling work can be summarized as
follows:

a) determine the type and magnilllde of pollullnlS in stormwller runoff; and
b) relate the water quality characteristics 10 land use type.

. !'n impo~antconsideration was to collect enough samples to develop
stansncaUy vahd event mean concentrations for each pollutant by land use (the
!'lIes requIre Ihat three StOnD ev~nts ~ sampled at ell:b sile). Also. it may be
Imponant to collect samples dunng dIfferent seuons to determine if there are
scuonaJ fluctuations in stonDwarer quality.

Sampling Site Selection - Ono of the first issues addressed by tho Task FOR:e
was to determine how many sites should be monilored and who would bo
responsible for instrumenting the siles and collecting ...d analyzinl the samples.
The EPA ruJes required that each applicant select five 10 10 rcprcscntalive outtalls
f... collection of samples for tbrcc StOnD events. It wu obviOUI that five sites for
the entire Region was not adequate and Ihat five silOS for each of the 21
iJtdcpendont applicanlS was excessive. The compromise developed by tho Task
Force was to locate an averale of five sites in each county for a minimum of 25
sites. ARC Staff developed a method of allocatinl the responsibility for these sites
amonlthe permit applicanlS based on population and employment as an estimate of
!b~ ~lative amount of norm~aterrunoff .that would be generated by each
J~sdicbon. The allocanon of Slles resuI~cd I~ the five counties and four largest
ClUc:a being assIgned from one 10 SIX sampbng SItes CIII:h. The smaller cities. which
lack the resoun;es 10 conduct this type of work. weRi 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 Rlspcctivc county.

After the number of sites per govcmment was selected. general site locations
were detennined based on existinc monitoring networks, land use and waterShed
chlll'llClenstics. SpeCIfic monitoring sites weRi then locatedbascd on size of the
~nage area' type and continuity of land use and use of SlOmlwaler pipe or sm:am
Slles. EXISllnglocal government stream monitoring sites were utilized where
possible. Sites were then visited and evaluated based on accessibility. safety,
securily and suitability for flow measuRiment and sample collection. Hydraulic
facton consIdered for sm:am sites included opcn-cbannel sites with existing stage­
discharge relations or sites wheRi adequate stage-discharge relations could be
established. stable channel conditions. and adequate distance from major tributaries
to allow for com lete millin . Other eneral site considcmions included avoidin
sites having Sleep slopes. poor visibility, and heavy uat"fic.

Most of the sites were located iJt the Chattahoochee River basia because
more of tho five county area lies within this basin thall any other and bcc:tllSC this
river .is of great significance to the relion. providinl over 7015 of our water
supplies. FiguR: I shows the generallocalion of the 21 sites. Be<:allSC land usc is
the maia factor that impaclS the quality of Slormwater runoff and is often used in
IllOl1eb 10 pRidicr sronDWIter quality (ARC. 199~). $IlIIplinl sites WCR: selected 10
Rlprcscnt the major land uses in the area {Table 2). Where possible. small drainale
IR:U which RipfCSCnted a singlo 1aDd use WCR: ChOSClL

FIGURE l. Slormwaler Samplinl Locadonl ia lb. Atlanta Region

I
,;
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TABLE Z. S8mpllnlSlle Dtscrlptlon and Land U. ~Ieeory TABLE Z. SampUnl Site Dtscrlptlon and Land U. Caleeory (conllnued)

518110n undU. DK-{)2 SIn:am • Unnamed Tributary to Nonn Folt Industrial
Number Slle Desc:rtpllon Category Pl:achrn:e C=It - draining a heavy industrial

area.
AT-OI OutfaD • Tributary to Nancy Cn:ek - parking Commercial

101 of large shopping mall. draining DK-03 Stn:am • Unnamed Tributary to Nonn Folt Residential
commercial land use :ma. Peachtree Creek· draining a n:sidential area.

AT-02 OUlfall • Tribulary to Peachln:e Creek· Commerdal DK-04 SIn:!IJIl - Tributary to South Folt Peachtn:e Residential
partdnglol and roadway, an:a of commerdal Creek - drains an area of n:sidenlial and
and IIghl industrial land use. public land uses.

AT.03 OutfaD • Trlbu:t:Oear Creek· draining Rest~al DK-OS SII'eam • Tributary to Shoal C=It. dnins an Residential
single family n:si aI :ma. _ of n:sidentialland use.

AT-04 Outfall • Tributary 10 South River· draining lnduIalal DK.()6 Outfall· Tributary 10 Snapflnger Creek - an Industrial
alight industrial p:uk. _ of IIgIU industrial land uses.

AT~ Outfall • Tributary 10 South River· draining InduIatIl EP.()\ OulfaD • Tributary 10 South River· draining Industrial
1ft _ of Industrial land use. 1ft industrial __ IllSide the day.

AT-06 Outfall • Tributary 10 Chaua1lOochee River· Indusuial FL.QI Outfall • Tributary to Chattahoochee River· Industrial
draining an area of !ndullrlal and draining area of IIghl/moderale indUSlrial
lIIIISPDnalion land use. land use.'.

0.-01 Juncllon BOll· Tribulary 10 Fllnl River. lDd1atai FL02 Outfall· Tributary 10 Chaua1lOochee River. CommercialcInIinint lIII_of heavy indusay. draining area of commercial and

ConuDerdai
tnnsponauon land use.

0.-02 Oultall • Flint River. Om HoweD Hlgh.ay
Outfall ..Tributary 10 Chaaahooc:hee River·• dralninl commercial. bUlinell and FL.Q3 Commercial

tnnsponIIion land use. _ of commerdalland use.

CO-OI Strum· Olley Creek Tributary 10 ~al OW-OI Stream • Tributary 10 BII Haynes Cn:ek • Residential
Sweetwater Creek· drainlnJ iUI area of .;: draining an area of moderate density
Industrial and commen:lal aeti ay Includlnl residential land use.
a doled sanitary landfllL

OW-02 Junction BOll' Tributary to Chattahoochee Industrial
CO-02 OulfaU • Unnamed Tributary to Roaenwood eom-.dal River· draining 11\ area of Industrial land

Creek· dralninl a commerda1lbuslness patt use.
area.

GW.03 Juncllon BOll' Tributary to Sweetwater Commemal
CO.o3 Outfall· Tributary 10 Sope Creek • dralnilll Residenqll CreeklYellow River· commercial area

moderate densily residential lreL around a large shopping mall.

CO-04 Stream • Noonday Creek Tributary to Lake ResldaitiaI MA-GI Outfall· Tributary to ROllenwood Creek. Commercial
Allatoona • drainlnl an area of relldenlial c:onunen:lallbuslness paI1t an:L
and CXllIImen:ialland uses.

aO.QI OutfaU • Tributary to ChiUlahoochee River· Residential
DK-GI StreIIII • Bubbling Creek Tributary 10 NlIIICY Resldent!aI dninlnl moderate density n:sidential :ma.

Creek· dralninl an an:a of public parks and
reslcIentIaJ land uses.

6 Thomas
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DATA COLLECTION

A reglonaJ consullal11 was scleclcd (Camp. Dresser cI: McKee. Inc.) by Ihe
Task Force 10 dcvelop Slal1dard operannl proccdurcs for the moniloring prolJ'aRl
and 10 conduct mosl of the sampling work. The use of Ihe regional consullan!
allowed Ihe work 10 be done quickly and consislendy. Some of Ihe large loelli
lovemmenu were able 10 usc Iheir own sllffs 10 conduci pm of Ihe monitorins
work. As lhe loealgovemmenll move from die pennil application phase 10 Ihe
10ng-IClTII monilonng program. moll will conducl rhe work widl their own slaff.
Table 3Iisls WilD was responsible for conducting the sampling and lab analysis in
each jurisdiclion. The involvement of many differenl pmies in Ihe sampling
program railiCS a concern over Ihe consistency of the dnla collCClcd. The usc of Ihe
sWldudoperating procedures and the usc of the same analyticaliabontory for 63...
of lhe sample analyses reduced inconsislCRCies.

TABLE J. Sampllnc Procram Responsibilities

No. 01 Equipment Sampl,' Sample
Participant b Procuremen! Collegion A!!!!DiI

AdaDlll 6 Oly Rei. Cons.1 ReI- Cons.1
EuI Poinl I Oly Rei. Cons. ReI- Cons.
Manena 1 acl- Cons. ReI- Cons. ReI- Cons.
Roswell 1 Cily Rei. Cons. Reg. Cons.
ClaytOll Counly 1 ReI- Cons. acl- Cons. RCI- Cons.
Cobb CIlWII)' 4 County Counly' Counly
DcKalb Counly 6 Counly CounlylUSGS CouolylUSGS
Fulton County 3 Counly acl- Cons. RCI- Cons.
GWinncll County 3 County Counly acl- Cons.

IThe Regional ConsulwlI (Reg, Cons.) was Camp Dresser cI: McKee. Inc. The
Cily or AdlUlQ utilized a diffcrcnllcad consullant 001 used the same subconsullllnlS
as Cunp Dresser &; McKee did for samplc collection and analysis.

Representalive Siorm Evenl Crheria • The EPA rules required Ihal each
applicant collect samples of Slormwaler runoff. The rules recommended Ihal
"n:prcscnIlQVC stonn evenlS" be sampled which mel the following crilCria:

• lhe siann event mUll be p:arcr than 0.1 inches in mapilUdc;
• the evenl must be al lease 72 hours from rhe preVIously measurable evenl

(>0.1 inches);
• where feuiblc. the variance of evenl dumion and lOII1 rainfall should nOl

exceed SO pcrccnl of tho avcnge or median rainfall evCRC; and
• Ihe lilree stonn evCRII mUll be one month aparL

These crilCria were proposed to insure thll "reprcscnwive" SICIml evCRIS an:
sampled and that a preccdinl dry period is provided to aJlow a norma.! period of
poUUlUlI deposition on land swtiIccs.

'. A sWistical cvaJualion of lonl-Ienn rainfall m:onls for the Atlanll Recion
conducled by ARC dClcnnined that only an avcrap of 6.2 Slonus per year would
meel tbcse crileria (ARC. 1992a). An additlonaJ analysis was conductcd 10
detCl'Dline if cxpanding Ihe crileria 10 ±"~ of deprh and durarion would
sianU1candy improve the number of II:CCprable evenlS. The result was an inc:rease
to II! average of 14 events per year which sri1l was nor a practical Opcratinl crireria
01ll:Q the aclual sampling work belllll. ScasonaJ differences in nainfaJl palICms and
Ihe qcquired 30 day period belwcen events made collection of samples from an
accepcable slann cvenl very difflCulL The Task Force requcslCd a modification of
SlOnit evCRt crireria from EPD and received approvaJ to sample any stonn evenl of
a depth of 0.1 inches or more with a 12-hour dry pcriod precedinl it. No
rcsuictions were placed on duration of die storm event or l1IC time period belWeea
sampling events.

! 'Sile InsgymcRlatioD - All 27 sires were inslrUmcnlCd in a similar manner.
aJlhoUgh scvcraJ organizations were responsible for Ihis aClivity. A Iypical sire
inaUumcnled by Ihe U.S. Geological Survey for DcKalb Counly consisled of a
lipping-buckel rain gage. a slaff'lype gale. and a sll'Cam-slage-shafl-cncoder.
au.tic sampler. and daWOglCf housed in a monilOl'inl shelICf.· Tho equipment
was Frchascd by DeKalb County and maintained foroperationaJ rcadincssdurinl
lbe Study by Ihe USGS. Repair and rcpllCClllCllI COIlS to SlNClUl'CS and equipracnl
weN the responsibilily of DcKalb Counly.

A Iypical sile inscrumenled by the relionaJ consulllnl included eilher a
liPP~1 buckel or 10lalizinl rain gage. lUI aUlomaric sampler wilh inlolflli dala
logpr and a lemporary cquipmenl sheller. BOlh (SCQ and American-SIGMA
samplers were used. depending on the preference of the local parricipalinl agency.
Equipment was eilher purchased by Ihe local alency and operaled by Ihe
colllUllanl, or leased and opcralCd by the cOnSullal1L All mainlenance duringlhe
proIram was provided by the consullanL

Sample Collection and AnaJvsis Pros;cdurcs - Aldie DcKalb CounlylUSGS
sires the daWogger was programmed at each sice to record dall al I-min, inJcrVaJs
once a rainfall Ihreshold of 0.1 in. was met or exceeded. A Ihcoretical culveR
raUIII was programmed into the dallloglCf which convened rhe recorded sllges
inlO discharges. The dall10ggCf then lriglcrcd the automatic samplers each lime
aboul 10 pcn:ent of lile estimated storm volume passed die sire. Runoff samples
wCf9 wilhdrawn from Ihe sll'Cam over the Slorm hydrograph by Ihe aUlomalic
samplers and composiled inlo one sample Ihal reprcseRled Ihe waler qualilY
conditions for Ihe slorm evenL For a typical rainfaJl evenl. procedures were 10
activalC rhe rainfall and slll:am-sQge recorders at the sires to be sampled prior 10 Ihe
impending stonn. The :lulomatic samplers were checked and oultillCd Wtth 2.5 gal.
conlliners. When the rainfall amounl al each sire reached 0.1 in.. rhe dailliogger
would begin to coileci rainfall and slIge daca at I-min. inlCrVals. When rhe Slll:am
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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 dalalogger. The
datalogger would then trigger the sampler at increments of about 10 percent of
stonn volume, and Ihe sampler would pump 2 liters of water into the composite
bottle. During sampling of the runoff period. len 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., [n addition to storm-eomposite 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 selected
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 tetlon-lined chum splincr. 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 ~gional

consultant were similar to the USGS procedures. Samplers were programmed to
collect a sample at equal intervals of flow based on the esnmated flow that would
be generated from a 0.1 inch rainfall event and the minimum amount of;sample
required for laboratory analysis. Each sampler was progrunmed with a theOretical
srage-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 ch'cck 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 hydrogruph. During the grab sample visit,
field analysis were made and recorded. the automatic sampler was ch~ed for
proper operation. and ice was added to chill the samples of the Storm diuation.
Grab samples were also chilled or fixed in the field. EvenlUally. 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
reponed within three weeks. .

SevemJ different laboratories were involved in the analysis of the stoTmwater
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 DeKaib County Water Quality Control Laboratory and the Cobb
Water System Laboratory. Alliabontories used EPA approved methods for
sample analysis. Each sample was analyzed for the full list of over 100 parameters
required in Ihe NPDES permit application rules.

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

Ouality Control of Sampling llild Analysis - A quality assurance plan was
developed and implemented for this srudy to ensure that data collected were in
accordance with accepted industry standards. The USGS developed a plan to
ensure 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-eustody procedures. and analytical methods that included quality control
(QC) samples. and evaluation and reporting of QC datL The quality-control
procedures provide a mechanism for control and evaluation of the dala quality
during the project, and define the data quality for the constituents in lenns of
precision and accuracy. .

The regional consultant and local governments involved in sample collection
and analysis used similar QC procedures which arc documented in the regional
Standard Operating Procedures Manual (ARC, 1992b) prepared by the regional
consultant.

SAMPLING RESULTS

For the 81 site events (27 sites sampled three times each), the storm durations
rIDged from O.S hours to 26.4 hours and storm magnitudes ranged from 0.12 inches
to 4.22 inches. Table 4 shows information on the storm eventS sampled during this
program.

tmpact of Land Use on Stormwater Ouality • A review of the sampling
resuJts 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 Slormwatcr 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 ... Swnn Evenl Charaaeristlcs

Land Durallon Rainfall
Avenae Averaae
Rate Flow Rale§!!l !!K (hoursl ili!1 (In1hrl !&!!l !u.!l!!tl

Averaps
Residential 8.6 1.13 0.14 17.006 4.700Commercial 5.4 0.71 0.10 556.087 206.322Indusuial 5.9 0.70 0.15 293.885 47.881
TOTAL 6.6 o.SS 0.13 335.129 79,868

TABLE S. Sununary of Raultl for AU Land Usa

Constituent1
ResidenlJai Commen:iai Industrial

~ ~ ~ tD. ~ ~
BOD 15 17 12 16 16 19COD 68 55 71 91 79 70TSS 574 1.159 103 114 97 114TDS 68 54 47 28 57 48Tocal P 0.44 0.51 0.18 0.18 0.36 1.04DbsolvedP 0.09. 0.06 . 0.10 0.11 0.24 0.87TKN 1.35 0.74 2.s7 6.93 1.63 1.49N02+N03 0.69 0.39 0.67 0.57 0.66 0.50Ammoma 0.22 0.16 0.51 0.43 0.41 0.31OU a:Ore;ue 4.9 6.2 16.4 40.9 6.3 5.4Lead 0.036 0.043 0.024 0.005 0.024 0.018Copper 0.OS3 0.067 0.020 0.002 0.023 0.020ZInc 0.116 0.103 0.132 0.063 0.195 0.145Cadmium 0.010 0.002 0.009 0.003 0.00& 0.003pH 6.6 0.5 '6.8 1.0 6.7 0.7Fecal
CoIiConn 7.653 2.460 3.436Fecal
SUqltococc;us 28.864 6.800 7.80S
~.D. a Standard Deviation .
All unlls are IQ mgll except Cor the fecal coliform and streptococcus which are in

MPN/IOOmi

hisher c;oncenaalions of total kjeldahl niaogen. Of the 16 panuncters detected OIl
each site. average concentrations were higher in residential areas for nine
parameters. However. as described below. some of the hishcr values in residential
areas may be explained by the number of sampling locations loc:ued ill streams
rather.t/lan direct outfall pipes. Seven of the ten stream sampling sites were in
rcsidcn~ areas.

fior comparison purposes. the Atlanta Region stormwatcr quality data arc
compared to thc results of EPA's Nationwide Urban Runoff Program (NURP)
studies (1983) and some of the recent sample results from the Florida Part 2
NP08S Stormwaler Permit Application wet weamer sampling. The Florida data
were compiled by Camp. Oresscr and McKIlC. Inc. (COM) from Jacksonville.
Orlando. SL PeterSburg, Sarasota County and Palm Beach County.

ltesidenlial • Tablc 6 shows a summary of analytical data collccted during
tbrcc Sonn events al nine residen~ sites for classic pollutants and metals (27 data
poinlS). Also shown arc rcsullS from the NURP study for rcsidcn~ land uses. In

TABLE 6. Summal'1 of Analytical Results for Residelldal Land Uses

,-
Allanta Florida-
'Region NURP NPDES

Consdiuent Yn!iI ~ MIn MIl Amm
BOD; mgll 15 5 28 11
COD mgll 68 33 234 64
TSS ' mgll 574 25 2216 43
TDS .: mgll 68 168
Total!, mgll 0.44 0.22 4.09 0.38
OissolvedP mgll 0.09 0.07 0.45 0.23TKN: mgll 1.35 0.05 10.80 1.35
N02i-N03 mgll 0.69 0.31 9.54 0.39
AmmOnia mgll 0.22
Oil&Grcasc mgll 4.9
Lead . mgll 0.036 0.034 2.745 0.0085
Copper mgll 0.053 0.006 0.312 0.0014
Zinc . mg/l 0.116 0.054 1.388 0.0550
Cadmium mgll 0.010 0.0015
pH 6.6
Fecal Coliform MPNIlOOmi 7.653
Fecal SlI'CplOCOCCUS MPNIlOO ml 28,864

Note: Based on data from Jacksonville. Orlando, St. Petersburg, Sarasota County
and Palm Beach County NPDES Stormwaler Permit Applications (1992-93).
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summary. the data are highly variable with the standard deviations (Table 5)
frequently approaching or exceeding the menns. 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
Atlanta 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 exception is BOD
which is about in the middle of the NURP range. .

Analytical results for the Atlanta Region and Florida Pan 2 studies ate
similar for the classic pollutants except for TSS. The Atlanta Region data show an
average TSS (574 mgJl) which is 10 times higher than the TSS in Florida Pan 2
data (54 It": ;"(). 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 providc:agood
substrate for adsorption of pollutants and can be easily transponed into nearby
streams. The Florida sites. located in the coastaJ plain. are generally characterized
by sandy soils and minimal slopes which minimizes soil erosion and lranSI10n into
nearby streams. The metal concentrations in the Florida data (Table 6) are
considerably less than the concentrations in the Atlanta Region data including
concentrations for lead and copper. which are less than the minimum' values
observed in the Atlanta Region data.

Of the other pollutants detected in samples from the Atlanta Region
residential sites. the most frequently occurring was phenol. Phenol was de~ted in
IS of 27 samples. Chromium was the second most frequently deteCted (13 of 27).
foUowed by tetrachloroethylene (II of 27). and toluene. mcthylchoride. c:I1lordane
and diuinon (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 quaJiry standards. : •

Commen:ial • 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 13 storms at 9 sites). The data were highly variable with large
sWldard deviations and the minimwns were generally below the detection limits.

Oxygen demand. solids and nument 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. Concentrations of lead.
copper and zinc for the Atlanta 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. elimination of lead from gasoline. Since commercial
land uses are heavily inl1uenced 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.

In comparison to the Florida Pan 2 data. concentrations of paratneters in the
co~e~al data, unlike the resi~ential data. are similar for most parameters. The
major dlf~erences1ft c~ncentranons are f~r total niaogen (TKN plus NOrNO'd
and cadmium. TOlal nllmgen concennauons for the Atlanta Region data is 3.14
mg/l compared to U9 mg/l in the Florida data. Average Cadmium concentrations
in the Florida data are 10 times less than the Atlanta Region data.

. ..Several other trace metals and organic compounds were detected in
mdtvldual samples but none of the data sets contained a sufficient number of
detections to develop a reliable event mean concentration (EMC).

TABLE 7. Summary of Analytical ReSults (or Commercial Land Uses

AUanla F1orida*
R~on NURP NPDES

Constituent Units Average Average Avera!!!:

BOD mg/l 12 14 7
COD mgll. 71 92 50
TSS mg/l 103 186 41
IDS mg/l 47 114
Total P mg/l 0.18 0.29 O.IS
DissolvedP mg/l' 0.10 0.17 0.08
TKN mgll 2.57 1.61 1.24
N02+N03 mg/l· 0.67 0.89 1.05
Ammoni:I mgll' 0.51
Oil & Grease mg/l, 16.4
Lead mgll 0.024 0.2350 0.0117
Copper mg/l 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/l00rnl 2.460
Fecal Streptococcus MPN/l00 ml 6.800

Note: Based on data from Jacksonville. Orlando. SL Petersburg. Sarasota Counry
and Palm Beach Counry 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 menns.
Table 8 shows mean values for the industrial sites in the Atlanta Region. The
Atlanta Region. NURP and Florida Pan 2 data are similar except for zinc which
was about five times higher in the NURP and Florida NPDES values.
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Conauy to the commetcialland uses. nuaients an: similar in all datasc:lS, and tho
cadmium concentrations for the Rorida data is about seven rimes smaller than for
the Atlanta Region data. In every case. tho concentrations of metals in the NURP
data are higher than for either the Atlanta Region or Rorida Pan 2 data.

As with the commercial land use. other constituents were detected in
individual samples but too infrequently to compute a reliable EMC. The most
frequently detected compounds were phenol and bis(2-ethyl·hexyl)phthalatc (seven
detects c::u:hl.

TABLE S. Summary 01 Analytical Results lor IndusariaJ Land Uses

Atlanta Florida-
Region NURP NPDES

Constituent Units Average Average Average

BOD mlY1 16 10 12
COD mlY1 79 61 91
TSS mlY1 97 120 99
IDS mlY1 51 160
TotalP mlY1 0.36 0.50 0.34
DissolvedP mlY1 0.24 0.14 0.17
TKN mlY1 1.63 1.52 1.49
N02+N03 mlY1 0.66 0.80 0.37
Ammonia mIY1 0.41
Oil &Gl'C3SC mlY1 6.3
Lead mlY1 0.024 0.1150 0.0313
Copper mlY1 . 0.023 0.0317 0.0228
Zinc mlY1 0.19S 0.9800 0.1602
Cadmium mlY1 0.008 0.0013
pH 6.7
Fecal Coliform MPN/l00ml 3,436
Fecal Streptococcus MPN/l00 ml 7.80S

Note: Based on data from Jacksonville. Orlando. St. Petersburg, Sarasota County
and Palm Beach County NPDES·StormwlllCf Permit Applications (1992·93).

Comparison of Results to State Water Ouality Slandants • The Georgia EPD
has developed instream water quality standards for over 100 different pollutants.
These standards apply to all levels of flow. including wet weather flows. The
Georgia EPD has also defined SlalC Waters in such a way as to include water in an
enclosed stormwater pipe as 'waten of the State" for which the insaeam water
quality sUllldards wouJd thcoretil;ally apply.

table 9 shows the numb« of times that pollutant concentrations in a storm
event sample for this study exceeded water quality standants. The parameter thal
was most often detected above water quality standants was fecal coliform bacteria.
Lead. copper and zinc were also often found in concentrations in excess of water
quality standards. ConcClltrations of pollutants in excess of water quality standan1s
w~ f~und across all land use types and in stream and outfall sampling sites. It
will be extremely difficult for stormwater runoff to ever achieve compliance with
water.quality standards developed for low flow periods.

..Stream Vegus OUlfall Samplinc Shes· 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 dall available :u
these ,siles. II can be noted in Table 9 that for lead, copper and fecal colifonn. a
much ,sreater percentage of the samples from tho stream sites excecdcd tho instrcam
water.quality standards. Also a number oforganic pollutants were detected in the
sampl<s from stream sites that exceeded wlllct quality standuds, such as chlordano
and phenol (Table 10). Concentrations of chlordane and phCllol~ noe found at
these '~cls in the direct pipe discharges.

;'lbc specific reason for the gencra1ly higher concClltralions in samples &om
streaqIa compared to samples from direct-pipe discharges is unknown. Ie could be
lbo reault of several faaors, including the resuspension of contaminated sediments
in the, stream bed or in runoff. or samrated soil water flow into tho stream channel
from feSidcntiailawna. iJ,Idusaial or commercial sites.

TABLE 9. Pollutant Concentrations wbich Exceeded State Water Quality
Staallii'di .Inorpnic Pollutants and Fecal CoUlorm

IIot F. Cya-
~ ~ Pb ~ ~ ~ ~ !l!!!I
WlIlCr;QuaJity
SlaIIdird--- 7.7 21- 190" 2- 4000"'- 5.2

BtxaLand Use:
USlriai 27 8 2 9 2 II

Rcsad. 27 10 12 4 2 17
Conlm. 27 4 I 5 1 8

Slte~
Quit I 51 9 4 11 3 20
Stream 30 13 11 7 2 16

Total, 81 22 15 18 5 36

-For metals. sample rauits wen: compared to Ihc highest limit associalCd willi an illSlrCam
hardness level
--Sin csam-_·all unit in ug/l cxccpc fccaI Colilonn (MPN/IOO mOand pH (slll. units)
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TABLE 10. Pollutant Concentrations which EllCeeded State Water Quallt1
StandardS· Organic Pollutants

Impliclllions for Long.Term Monitoring Progrnms • The stonDwa~quality
dala reponed in this paper was collc:c:ted over a shan period of time. primarily to
provide information for development of the NPDES permit application. To leam
more about lhe nature of stormwater quality and the impacts of land use and best
management practices and to comply with lhe NPDES permit. lon,-term
monitoring progrllms should be developed and implemented. This 10118-term
program should be structured to identify water quality lrends and evaluate the
effectiveness of BMPs. including strUCtUrll1 controls.

Additional sampling would provide a large database and hopefully; reduce
the statistical variability of the data in order to detect statistical II'eIIds or differences
between land uses. Although instream sampling sites are useful for de~ecting

generlll water quality trends and watershed·wide program impacts. co'lttinued
sampling of direct outfall pipes is needed to better quantify pollutant concerintions
and loads coming directly from the municipal StonD sewer system. .

Development of Pollulant Loadings - The Watershed Management Model
developed by Camp. Dresser'" McKee (CDM-WMM) was chosen by the Task
Force to develop estimales of pollutant loadings. The CDM-WMM model was
specifically developed for planning-level estimates of system·wide pollutant loads.
The most recent version conmins estimales of lhe 12 pollutants required' by lhe
NPDES regulation. Using Lotus 1·2·3 as a model plalform. CDM·WMM
calculates annual loads and flows based upon land uses. imperviousness. and land

use specific event mean concentrations. The model uses 12 land use calegories
with associated Iiter:lture-based E."vfCs and imperviousness. For the purposes of the
Allania Region. 10 of these land uses were used for lhe load eStimales Wilh
Cropland being combined wilh Agriculture and Wetlands being combined Wilh
Waler.

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

where RL .. annual runoff for land use L (inlyr);
Cp .. pervious area runoff coefficient (0.20);
CI ,. impcfVious area runoff coefficient (0.95);
IMPL.. fractional imperviousness of land use L; and,
t ,. annual rainfall (inlyr).

The 10111 annual runoff for the municipality is the sum of the RL for all of the
10 land uses. Based upon available information (ARC, 19921). the annual a:vernge
runoff-producing rainfall ~or this area is 46.8 inches using the Atlanla Airport gage.

The load estimales are lhen calculaled using lhe land use specific EMCs.
runoff and area of the land use within the watershed:

ML .. 0.2266 EMCi. RL AL

where ML .. the annutlload from land use L (Ib1yr);
0.2266 .. a converiion factor;
EMCL .. the EMC for land use L (mgll); and,
AL .. the area of land use L (acres).

As above. the 10tal annual load for the watershed is the sum of the ML for all
of the 10 land uses. It can be seen lhat lhis model can easily be used for seasonal
estimates as long as seasonal rainfall and justifiable seasonal EMCs are available.

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

ML' - ML (1 - AsMP REM) ALAL

where ML' ,. the BMP·reduced load from land use L ((blyr);
ABMP " the area of land use L draining to the BMP (acres); and,
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REM • me removal efficiency of the BMP for the pollUWIL

This fealure can be used 10 estimalC Ihe effectiveness of walCrShed pollution
conlTOl plans as well as lest various SD'lllegic pollution reduction allCl1l8tiVes.

, ,

Comparison of die EMCs measured as part of die Allanta Region study and
Ihe EMCs from Ihe CDM·WMM model shows Ihat for die oxygen demanding
substances. sediment. and nulrients, die EMCs arc comparable. The CDM·WMM
EMC for TDS is high and Ihe model EMCs for lead and zinc arc considerably
higher Ihan Ihe measun:d ones. On die other hand. Ihe model EMCs for cadmium
arc low compucd 10 Ihe measured results". This is a n:sult of Ihe availabilily of
EMC data for Ihe development of Ihe CDM-WMM model.. Only limited EMC
studies wen: available and the IilCrature basis of die data focused primarily on die
NURP smdies. II should be noted dlat due 10 die lack of timcJy SIorIIIS. die estimale
of pollulllniloads had 10 be compleled before the Al1anta Region sampling wort
was complele. For lhisn:ason. and because the CDM-WMM EMCs arc generally
high. me predicted loads from dlc municipaJ Slorlll sowCr sySlCm probably n:present
an upper limit of pollutant discharges. The estimated pOllutantlolds also represent
loads from the enrin: polilical jurisdiction rather dian just die arca draiainglO die
municipal syslCm because: these drainase areas have not been adcqualC1y idcnlif1ed.

SUMMARY

The Atlanta Region govcmmcntS were successful in implemenling a n:gional
slOrmwater sampling program. These samc governmcntS arc now involvcd in
implementing a n:gionally-eoordinued long-Ierm monilOring program. During die

,NPDES pennit application sampling program. we were successful in delermining
the type and magnitude Qf pollutantS in slormwater and how to measure lhcm.
however. there is still more to leam aboutlheir relationship to land use. Wilh
n:gard to SIOnnwater qualit)'. thc following is apparent:

'I

• stormwaler runoff often contains pollutantS in conccnuations in excess of
Georgia's instteam water qualitY standards;

• stormwater runoff quaJitY in the Metro·Atlanta arca is comparable to
national sronnwaler qualitY Statistics:

• stormwater characteristics vary by land usc but the variability of
stormwatcr qualitY is so great that it will require much more data from
drainagc areas composed of a sinlle land use l)'pe 10 SlatisticaJly validalC
diose differences.

With n:gard to slOnnwater sampling procedures. we lcamed die following:

• Ihe EPA n:commended "represcntativc storm cvent" criteria were not
pr:ICtical for Ihis n:gion:

• once new equipment problems are n:solved and reasonable slOrm event
cnlCr1a are esla IS samp ng success can n::tC 0 allCmpts.

;This infonnalioo will be valuable in implementing the long-term Slonnwaler
sampling program but because of the inhetent diffu:ulties involved in wa weadler
sampling and die variabilitY of SlOCmW8lCl' qualitY. it will require a IORser sampling
bisloJy 10 confidcnl1y make conclusions about Slorlllwuer qualitY diu ClIII be used
willi ,confidence in developing pOlentiaJly expensive slonnwaler management
pIOgrIms. Also. siles wilh a sinlle lind usc tYpe should be selected; Some of the
drai~lge arels for the sites sampled in this study did not contaia a siagle
pn:dominant land use type.

, : It is recommended thu EPA conlinue 10 be flexible in the implementalion of
sto~watermonilOring and management programs as we continue to leam more
about this problem. It also evident lhat even dlough local slOm1water quality data
may be comparable 10 nalionaJ averages. saoDg regionaJ differences may occur
based 00 natural factorS such as rainfall pauems and soil chlllKlCrislics. Therefore.
pIOlfoUDS dlat work well ia one n:gion may be impractical or ineffective in others
due 10 these differences.
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SlOmI Warr:r NPDES MonilOring in Santa Cara Val1cy

Tcny Cooke l • David Drury 1. Revital Kaanelson l •
Chow Leel. Perr:r Manga.rella (Member)l. Kei!h Wbianan1

Results from stonnwater monitoring conducted In Santa Cit'll Valley from
1987lhrough 1994 are presented. During !his period. hydrologic.water quality. and
toxicity data have been obtained from a variety oC small and large catchments and
within stonn drains and in Streams and rivers. Approximately 200 station-everlls have
been monitored Cor water quality. primarily focused on heavy metals. ijo!h flow
composite and manual grab samples have been obtained. Data presented addh:ss water
quality characterization. effectS of land use on water quality. compliance wi!h wa!er
quality objectives. urban versus natural erosional sources of metals. water quality
correlations with flow. equilibrium partitioning between dissolved and pBnlculate
Corms oC metals. spatial and temporal differences based on analysis oc. variance
(ANOVA) and analysis oC covariance (ANACOVA). power analysis Cor'~esilflinl
monitoring programs to measure long term trends. and toxicity testing.'

Inqpducrion

The Santa Clara Valley is located at !he southern end oC San Frantisco Bay.
encompasses about 1800 square kilometers (700 square miles) of which abOut 50~ is
urbanized. 3IId has a population of 1.4 million people (Figure I). The vallf!j contains
major cities such as San Jose. as well as "Silicon Valley". The valley is semi~arid wi!h
mean annual precipitation on !he valley floor of35S mm (14 in) per year. '.

In 1986 !he San Francisco Regional Warr:r Quality Control Board ~sed !heir
Basin Plan to require !hat storm wlter discharges into !he sou!hern portion oC San
Francisco Bay be characterized and controlled. In response to !his reqUirement,

IWoodward Clyde Consultants. 500 12!h Street, OalcJand, CA. 94607

1Santa Cara Valley Nonpoint Souree Pollution Control Program. Santa Clara
Valley Water District. 5750 Almaden Expressway. San Jose. CA. 95118·3686

1

!hineen cities. Santa Clara County. and !he Santa Clara Valley Water District
(SCVWD) formed the Santa Cara Valley Nonpoint Soun:e Pollution Control Progr:un
(Program). In 1989 the State Water Resources Control Board listed the sou!h Bay as
an "impaired warr:r body" as required under Clean Water Act Section 304(L) because
Wiler quality standards for heavy metals were frequently exceeded. The Program
applied for and received an early NPDES stormwater pennit in June 1990.

This paper summarizes findings from the extensive monitoring conducted by
this program. The flfSl two fiscal years (FY 87·88 and FY 88·89) of monitoring prior
to !he ftrSl pennit period included wet wea!her monitoring at 7 stations !hat drained
different land use areas and wet and dry wea!her monitoring at 4 waterway stations.
These data were used to characterize storm water runoff water quality and 10 estimate
dte distribution of annual metals loads to !he Bay.

In FY 89·90. monitoring was continued at !he four waterway stations to
evaluate Iong term compliance wi!h water quality objectives and at one industriall3lld
use station which was being used as a pilot demonslr:ttion project for evaluating the
effectiveness oC an intense. industrial inspection program.

The monitoring aCfivities during the flfSl 5 year permit period (starting in FY
1990) included automatic now-eomposite sampling at the four waterway stations.
Because !he permit required that sampling be conducted at locations which were
representative oC!he discharge. two of these locations were in the largest watersheds
in Santa Cara Valley. Guadalupe River and Coyote Creek. For comparison. one
sampling station was in arelallvely small watershed with a predominantly,natural
channel. Calabazas Creek. and a founh was in a constructed chaMel. Sunnyvale E:tsL
The dati Crom 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 oC the monitoring program. monitoring was
conducted during the first permit period at two indusaial land use slltions to
cltar.tcterizc stonn water qiJality and to evaluate storm water quality improvenic:ills due
to !he implementation of pollution prevention actions resulting from a pilot inspection
program conducted in one oC the areas. To characterize stonn water quality from
transportation corridors. two stations were installed and operated for three years on an
eight lane freeway and on a local 4 lane expressway. The Program also evaluated the
use oC automated flow-composite sampling equipment compared to grab sampling. to
ensure !hat representative samples were being obtained. As pan of the grab sampling
efCon. the Program conducted studies to evaluate how pollutant concenlr:ttions vary
over the course of a stonn event. the duration of water quality exceedences for
pollutantS during Slonn events. and whether or not pollutants persist after !he event
concludes and flows return to pre-stonn levels. Toxicity testing was conducted at the
land use and transPDnation stations Cor two years. and lithe waterway stations all five
years of !he first permit period.

Monjloring Slations

Monitoring stations consisted of two types: stations located in relatively small
catchments (typically IQ. I,000 hectares) containing predominantly one land use; and
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sulions that drained relatively large watersheds (l.QOO.30.000 hectares) which
contained a mixed land use. The fonner Slloons an: referred to IS "land usc" mtions
and an: convnonly localed in smaU streamS or municipal storm drain pipes. Call from
th~ muons an: indicative of urban runoff water quality from urban and non-urban
sources and wen: used to characterize Water quality and IS input to loading estimarcs.
Thelaner type of SlatiOns. referred to IS "waterWay or Sll'l:lm sliOonS" were localed in
larKer streamS and rivers near the Say and represented local receiving waters. Call
&om these stations wen: used fOl' compliance and n:flect the effects of UPStream non·
urban areas and stream sediment processes. Table I describes the various stations.

Monj!oring Methpcfs

Storm Wlter sampling WIS generally conducted with aUlomatic flow composile
samplers. Station designs varied but generally consisted,of ISCO Model 2700 01' 3700
IUtOmatic samplers. a Campbell Scientific CR-IO data logger and contrOller. a Cruck
diaphragm-type pressure transducer. and 10 or 20 liter borosilicate gllSs boltles 10
contain the compositc samples. E:lch station WIS flow raled using established or new
flow rating curves or when: weirs wen: installed. appropriale weir equations. Based
on the anticipated runoff. thc contrOUer WIS programnied to collect lWCIlty 500 ml
sub-samples over the course of the runoff evenL Initially swions could only be
contrOlled on sileo then telemetry WIS added 10 allow remote contrOl and monilorinc.
This changc significantJy improved the stOnn coveragc and quality ofdata obcained.

Manual grab samples wen: collected for volatile Organics. bacteria. and total oil
and grease. Manual samples sometimes wen: obtained f'0I' other pollutants to define
poliulOgraphs.

Analytical Suite

. In thc early pan of Ihc Program, a full suitc of aiwyses WIS conducled which
Included 10 metals for 10111 and dissolved fractions (IISCnic. cadmium, chromium.
cop~. lead. mercury. nickel. selenium. silver. and zinc). organics (organochlorine
~cides. organophosphale peslicides. volatile organics. semi·volatile organics. total
all and grease. and 10lal organic carbon). and olhd paramelcrs (pH. hardncss.
turbidity. and tOlal suspended solids). ParamClers that wen: consistently not detected
wen: dropped from thc full SUilC to a reduced suile of analyses that has become the
mutine analyric:alsuite for the past 4 years ofmonilOring. The reduced suite is shown
in Table 2.

Note that ~ Table 2 the ~thod dclCCtion ~mil for mercuty was reduced by modifying
the analy,slS technaques In order 10 quanufy mercury Icvels. Analysis mcthods wen:
also modified 10 lower the method detection limits fOl' selenium and PAHs.

OUllliry AUUljlnce 3nd Duality Coopp!

Sincc Ihc stan of the Program. stringent field and labol'2tory QA/QC
procedures were devcloped and implemented to ensure high quality data. Field
QAlQC includes following Stricl sampling protocols as specified in standard operating
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procedures and evaluation of potential contamination through the analysis of field
equipl1lClU blanks. Labor.uory QAlQC addressed:

• Ac:curxy (analysis ofma~ spike recoveries on each batch of samples and
quarterly analysis ofcerlified samples)

• Pm:ision (analysis ofmatrix spike duplicates)
.• Contamination (analysis of method blank, and fillet' blank)

• Holding TIme (specified holding times associated with each chcmic:al
method)

• Cerlified Mcthods of Analysis (EPA or SlIte eenified methods of analysis)

Metal; Detected

RCU~ 2 shows the percent of waterway samplcs in which metals wen: dctected
durin, slonn events from 1988 10 1992. Of the meliis detected by the lotal
recoVCl'2blc mcthods (total metals). cadmium. chromium, copper. lead. nickd and zinc
were.consistently dctected. Total arsenic WIS detected in 74'10 of the samples while
tOw inercury. selenium and silver wen: detected in apPlOlIimatdy half the samples.
or the dissolved metals.only chromium. copper and zinc wen: consistently detected.
CissOlved nickd WIS detected in 71'10 of the samples and disSolved lead WIS detected
in 54$ of the samples. Less than half the samples had dctectable concentrations of
dissOlved cadmium. selenium and silver. Cissolved mcn:ury WIS undelectable using
standard EPA methods.

M@ pfl.apd Use po Water Quality

i
~: Curing the fim two years of the Prognm (1917·g8.1988·g9). monilorinl data

were.collected at seven land usc stations (Table I. stations LI·L7) to characterize
wat~ quality from open. residcntial/commercial. and industrial land uses. To
characterize waler qualily from transportalion canidors. two slations were instaUed
and operated for three years on an eight lane freeway and on a local 4 lane expressway
(Table 1. stations TI. TI). Rgure 3 shows lhe median concenll'2tions of 10tal
cadmium. copper. lead. nickel and zinc at the land use slltions and at the walcrway
statio,.s (Table I. stations 51·54). Total zinc and cadmium atlhe heavy industrial
statiOll wen: 4 to 6 times higher than concenll'2tions at the other land use areas. (Note:
pillM i inspection progl'2ms implemented in this catchment indicated a source of
~umand zinc from metal plating opemions.) Total cadmium in the other land usc
areas·WIS only slightly elevaled relative 10 the waterway concentrltions. Total lead
conc~lI'2lions wen: highest at the transportation and heavy industrial swions. Total
nicke~ concenll'2tions we~ highest at the transponation. heavy industrial. and
Wllerway slltions. Total copper concentrllions wen: highest in the heavy industrial
sutian. TOlal median copper concentrltions at Ihe other urbanized land uses an:
consi$tendy around 30 Ilgl1.JL. Copper concentrltions in samples obllined from open
space Stations were approximately one third of this value suggesting a subslantial
amount of copper may originate from open space land use areas.

Slitistical ICSts of Ihese dall indicale that metals concentrations in samples
obtained from open space versus residentiallcommen:ial samplcs versus heavy
indu.strial S3mples are significantly diffen:nl. The lests do not show stalislicall
,. , erences IR concenll'2l1ons 0 samp es co ecled in different types of
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residential areas (eg. single versus multi.family) or between residential and
commercial areas (SCVNPS. 1989). "

Enrich"","t Qf Mmls ASsodated With Su:spe"ded P:micu1ates

Mctals in stonn water runoff arc often associated with suspended solids.
Metals in these solids may arise from either 'natura!' sources (erosion of soils
containing minerals) or manmade sources. One measure of the amount of manmade
metal in a given sample is the "enrichment factor" dcfined as the ratio Qf the
suspended metal concentration in a stonn watcr sample collected in an urbanized
ptxUon of a watershed to the surlicial soils concentrations in upland open areis of that
watershed. (The enrichment concept is that if there were no additional input. or
"cnrichment". of metals from sources other than erosion. the suspended metals
concentration would equal upland swficial sediment concentrations and the enrichment
factor would be of the order of unity.)

The suspended metal concentration (ltg/g) is dcfined as the rano of the
particulatc metal concentration (gIL) to total suspended solids (TSS) concentration
(gIL): where the paniculate metal concentration (gIL) is the total metal concentration
minus the dissolvcd metal concentration. Thc suspended metals concentrations arc
expressed on a dry weight basis (as arc TSS values). ~

Data from Shacldene and Boemgcn (1984) for the San Francisco Bay Area
wen: used to characterize upland surlicial sedimcnt concentrations. The hills in thc
South Bay contains serpentinc outcrops as well as other mineral formations which are
a source of nickcl. copper, chromium. and mercury and metals concentrations in Bay
Area soils were in thc upper quanile of national data compiled by ShacJc!cne and
Bocrngen. I

Figure 4 shows enrichment factors for a varicry of metals and sampluig station
typeS. The highest enrichment factors for land use stations are for zinc. Ie:td. and
cadmium which have enrichment factors between 10 and 40 for the three orban land
usc area types. In the waterway stations suspended solids had highcr cnrichmcnt
factors for most mctals than bed sediments. Several factors m:ay contribute to the
observed higher enrichmcnt factors in suspended versus bed sediments ifIcluding
differences in paniclc size.

Enrichment analysis is a tool for identifying the relative imponanccllf 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 imponanL Oiromium appears to be pririwily an
erosional source. . ".

Water Quality BQwne CQm:I§rions

There has always been an intcrest in potential correlations between water
quality and flow and effons at correlation using flow compositc data have not been
successful. However. gr:!b sampling results for five storm events (28 data points)
from the Guadalupe River Station (S3) were successfully correlated with flowrate.

s

Figure 5 shows discrete TSS conccntrations versus inStantaneous Slream flowratc.
Linear regression analysis indicated a correlation coefficient of 0.781. Thc best.fit
linear regression equation describing this relationship is:

TSS (mgIL) - O.m FLOWRATE (cfs) + .18.49

Because of the high affinity of metals to solids. and since TSS is correlated
with flowrate. we tested the relationship between total copper and flowratc. Figure 6
shows a positive correlation (R2. 0.820) between total copper concentration (TCu)
and flowrare with a best-fit linear regression equation given by:

Teu (1t1/L) - 0.0403 FLOWRATE (ds) + 12.02

fnpi1ibrium p;IrDrionjng

The form (at wen as presence) of pollutants is important as the dissolved form
of the constituent is more biologically available than the paniculare fonn. In order to
be able to characterize dissolved versus particulate panitioning we examined the
applicability of equilibrium panitioning thcory to storm water. A sorption isotherm
describes lhe partitioning of chemicals between the dissolved phase and the sorbed
phase. Assuming a lin~ar isothcrm for dilutc solutions yields the following
equilibrium partitioning equation (Maidment. 1992): .

FdlJ • I/(I + (K. TSS»)

where

FdlI • ratio of dissolved to IOtal concentration
Kct • Disaibution coefficient (lJKg)
TSS • Tora! Suspcnded:Solids Concentration (J1g1L)

When the grab sample data for copper wcre fillCd to this theoretical
relationship (Figure 7). there was a significant correlation (R2-<l.937). The
distribution coefficient which yielded the best-fit regression curve shown in Figure 7
is 29.079 Ukg.

The distribution coefficient is the ratio of thc sorbed concentration (g!Kg) to
the dissolved conccntration (gIL): therefore the higher the value of K.t. thc lower the
dissolved fraction. The distribution coefficient for Icad 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.

.. I~ conclusion. thesc storm water data suppon the linear isotherm equilibrium
~noRlng theory and this theory may be applied to estimatc the dissolved fraction
pven the TSS and (otal concentration. Although not shown. this thcory also applied
reasonably well 10 data taken in storm drains (SCVNPS. 1993).
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.. Excml,om of Wa!l;rDualiry Obiecriva

Thl: ml:tals data from four yean of moniloring wal_ay stations have bi:1:n
compued to watl:r quality objcc:tivl:s contained in thl: AJJriI 1991 Califomia ~I~d
Swfacl: Walm Plan. Since the average storm runoff dunaon at waterway stalJons ts
about 36 hours in Santa Clara Va1JI:Y. comparison of urban runotT wata quality to the
freshwater aquatic Iifd·hour and 4-<1ay objl:CUves arc used to "bracket" the actual
exposure. The 4-<1ay average objl:c:tive is refem:d to as the "chronic" objl:c:tive, and

. the I-hour average objective is refem:d to as the "acute" objccnve. Givl:n the duration
of SlOml events. excccdance of an acule objccnve is considacd a bena indicator of a
potcntialloxic:ily problem. In addition.• ~cccdances ofobj~v~~y dissolved metal
concentrations arc conSIdered bi:ller tndlcators of polenlJai tOXICtty problems than
exceedances by lotal melals concentrations bcc:ause dissolved metals arc more
bioavailable.

Table 3 summarizes the wata quality objccnve. cxeccdances for various .metals
ar the four waterway stations using dissolved and tOlal metals data collc=ed dunng the
90-91. 91·92. 92·93. and 93·94 wet weather seasons. Acute and chronic water
quality objectives for IOtai coppa and lotal zinc were consiSlCntly exc:eeded in samples
collected from Calabazas Creek (station SI) and Sunnyvale Easl Channel (S2). The
objectives for IOtai zinc were only oc:casionally exceed~ in Slorm wala samples from
Guadalupe River (S3) and Coyole Creek (S4). The objectives for total copper wen:
less frequently exceeded. and the concentrations were nearer Ihe objecuvcs' in storm
waler samples from Guadalupe River and Coyote, Creek than in samples from
Sunnyvale EaSI Channel and Calabazas CreeJc. 'The chronic objcc:tives for total nickel
and tolal lead wen: always I:xceeded in samples from Sunnyvale East Ch~nel and
Calabazas Creek. and frequently exceeded in samples from Guadalupe River and
Coyole Creek. Acule objl:ctives for IOlai lead were rarely exceeded. and acule
objecnves for tOlal nickel have never been exceeded. TOlal cadmium has nOI exceeded
acute objectives. and exceeded chronic objccnves in 8 of 61 slorm samples; the most
recent observed excccdanc:e was in October 1991.

Dissolved constiluents seldom exceed objectives. Dissolved copper exceeded
the chronic objeclives in 2 of 42 samples. and has not exceeded acule objectives.
Dissolved lead was delCC:led in 10 of 43 samples and one of lhese ten samples
exceeded Ihe chronic objecnvcs; no lead samples exc:eedcd the acule objectives.

. Those 304(1) metals of concern Ihat have never exceeded waler quality
objecnves includl: total mercury (acute objectives only. chronic objectives wen: lowc:r
titan the MOL). IOlai selenium. dissolved c:admium, and dissolved zinc. Total silva IS
gl:nerally nOI delected. and dissolved silver and chromium (VI) have never been
dl:lCc:led in slonn "lata samples from the four waierway Stations.

Figure 8 compares the IOlal copper dala with acute and chronic objecnves for
the four walaway slalions. This ligure shows the effect of urbanizalion on water
quality exceedances. Most exceedances occur at the stations (S I and S2) whose
walcrSheds arc smaller and more highly urbanIzed.
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J)mriQO QfWarCf' Dualiry Objc:gjyc EXQ;c:daQSC$

If flow-wei ghled c:onc:erllntions exc:eed tho WQOs. it is often assumccI tharthe
duration of exceedance equals the duration oC the runotT event. In Olda to test this
assumption. the actual duration of cxceedanc:e was delermined by colll:c:ting and
anllyzing discrete samples during six Slorm evl:nlS at the Guadalupe Riva StatiOIl
(53);- For each storm evl:nL about six samples wen: collected over the rising. peak.
and teccdinglimb of the hydrograph.

~. Table 4 shows thar the duratioll of exc:cedanc:c of 3CUlC WQOs for total copper•
leall" and zinc is always less than the duration of the storm runotT eVI:nL The
fRqlienc:y of exc:eedanc:e varies depending on the metal. and was IJ'CIlCSl for copper
(S of 6 events). then zinc (4 of 6). and Ihl:n lead (2 of 6). For copper. ClIc:eedance
dW'fpon ranged bi:tween 8·38 hours or about 20 10 95... of the duration of the storm
runoff. For zinc. the exceedance durations ranged bi:lWCI:n 3·28 hours (8 10 74... of
SlCIrm runoff duration) and for lead the two excccdanccs wen: each 6 hours or 20-15...
of the stonn runoff duration. For those cases where an excecdanc:e was measured. the
avetage dunlion of exceedanc:e (expressed as a percl:nt of the storm duntion) was
apPfOximarelY 6090 for copper. 40... for zinc:., and about 20... for lead.,-
SraqIDgl Analyses

Swlstic:al analysis wen: used to determine if then: wen: ditTen:nc:es in wata quality
be~ monitoring stations and bi:tween moniloring years. The results were also
used 10 help sell:ct future stations for long lerm moniloring and 10 determine Ihe
number of samples that need be collee:ted to delect a livl:n trend in waler quality
(po~er analysis).

TwO way analysis of varianc:e (ANOVA) and analysis of covariance (ANACOVA)
were used to paform comparisons betwCl:n stations and years. Parametric procedures
(usiag Ihe actual values of Ihe data) rather than non-parametric procedures (using the
ranIcs of the values) were choSl:n bi:c:ause they allow the statistical results to be used to
determine the number of samples necessary 10 determine a pven difference between
ycar:s and/or stations (powa analysis). Previous data analysis indicaled total metals
an: 1olnonnally distribuled and Iherefore. stalistic:al analyses used 10g'lr3nsformed
data.

ANOyA RC$ulrs. Slatioo Djffqenscs

: Figure 9 presents total copper box plots for the four walerway statio~s for
samples collee:ted during the permit period. The figure indicates total copper
concentrations arc highest and more variable in Calabazas Creek (S I) and Sunnyvale
East Channel (S2). with Iowa conCl:ntraUons and less variability sel:n in Guadalupe
River (S3) and Coyote Creek (S4). The stations with the higha concentrations drain
smalla more urbanized watersheds.

The resuhs of Ihe ANOVA statistical analysis (top of Figure 13) indicate
Calabazas C~ek (S I) had significantly higher total copper concenlrations Ihan

significantly higha Ihan Coyote Creek (S4). If Ihe dala for the IWO stalions (SI.S2)
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having the higher concentrations are pooled. these data are signific:antly higher than
the pooled cbta for stations S3 and S4 (p-o.OO2).

ANACOyA Rauhs - Wjrh ISS as Coyarianl

Much of the 10lal copper in walerways during slorms is associaled with
suspended solids. wilh the dissolved fraction typically ranging from IS" 10 30.. of
the 10tal concentration (Figure 7). Variations in TSS from evenllO evenl may mask
apparenl stalion and or year differences. To examine this effect. analysis of covariance
(ANACOVA) was used 10 accounl for differences in 10lal copper conc~ntraDons
caused by variations in suspended solid concentrations by including TSS as a
covarianL Differences nOI due 10 variations in TSS are seen as bener indlc:alon of
station and year differences.

Slanon Djffmnces

Figure 10 presents the suspended sedimenl total copper percenlile ~x plots.
Thc figure indic:ues the IOtal copper concentrations in suspended sediments are higheSl
in Sunnyvale East Channel. with lower concentrations in ClIabazas Creek. Guadalupe
Rivcr and Coyole Creek. Sunnyvale Easl Channel is not a natural channel 'while thc
other waterways are natural channels with lillie or no improvements. This suggests
that lotal suspended sediment concentrations are lower in constructed waterways
(bec:tuse of minimal or no bollom or bank erosion) which. for a given 101;11 metals
concentration. results in lower copper concentralions in s~pended sedlmen~

Results of the ANACOVA statistical comparison are presenled at the top of
Figure 10. The resullS indicale Sunnyvale East Otannel (S2) had significanl1y higher
10tal copper concentrations Ihan Calabazas Creek. Guadalupe River an4 Coyole
CreeIc. Total copper concentrations in ClIabazas Creek. Guadalupe River. and Coyotc
Creelc are not significantly diffen:nt afler accounting for differences due to -qS.

Annual Pifferences

Data from Ihe three similar slalions (Calabazas. Guadalupe. and Coyote) wen:
used 10 conduct a Iwo-way ANACOVA using year and slalions as Ihe eff(CIS to be
lested. The results shown in Figure II indicate tOlal copper was significantly lower in
1992 as compared 10 1991 (p-o.044). No olher significant differences betW~ years
were observed. These observed differences may be due to increased rainfall in 1992
(19.5 inches 101al) as compared to 1990 (11 inches) and 1991 (14 inchesror olher
factors. .

In conclusion. Ihese analyses indicate the advantage of conducting A!'lACOVA
statistical lesling taking inlo account Ihe effects of TSS as a coyariale. Thc results
indicalc Ihal. by laking into account TSS. differences belween stalions wen:
iIIuminaled which would olherwise havc been masked using an ANOVA analysis.
The ANACOVA results also showed a statistically valid annual difference w~ich was
not evidenl in Ihe ANOVA analysis. .
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Power Annlysis (or Delcction of Long-Icnn Trends

There is considerable inlerest in slorm waler monitoring to delect long term
trends in wiler quality thll may be .associaled wilh BMP implementation. The
following describes the application of the statistical 100I called power analysis to help
address this issue.

The ability to disringuish long-term trends in • dataset is influenced by several
factOn including the magnitude of the difference to be observed. the amount of
variability in the data. the number of samples. and the desired confidence inlervalS for
the statistical tcstS. The probability of observing a given ltend incn:ases when sample
size is incn:ued and decreases when variabilily and/or desired statistical confidence
intervals are inc:reased. Addilionally. the larger the trend 10 be observed the higher the
probabilily it will be observed. other faclors being equal. The main variables which
can be controlled are the number of samples and which stations will be monitored.

Results of thc ANOVA statislical lesting indicaled Ihe four moniloring staDons
could be grouped into subsets based on 10Iai copper concentralions. Each of the
subsets contained differing degrees of variability with the Calabazas Creek SUMyvaJe
East O1annel subset (S1&S2) having higher variability than Ihe Guadalupe River
Coyole Creek subset (53&:54). As variability is a factor influencing statistical power.
separale power analysis was conducled for each station subseL

Figures 12 presenlS Ihe results of the power analysis for tOlal copper cbta
collected al thc Coyote~k and Guadalupe River moniloring stations. Presented are
thc number of samples per year (IOlai for both slations) and the power (probability of
detecting the trend) for three projecled ltends. For example. this figure indicates that.
at thc 80 percent confiden~e level. il would take about 22 samples per year to c:onfmn
I 40% change over a 10 year period. If the trend analysis were 10 be conduCled at the
other two walerway stations where the dala an: man: variable. 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 10lal copper caused by facton other than
changes in total suspended solids (Figure 13). When compared 10 the previous power
analysis presenled in Figure 12 it is appan:nl that changes in TSS-cOrleCted 10Ial
copper are easier 10 delecl using the ANACOVA model. reflecling the lower
unexplained error afler changes due 10 TSS an: taken into accounL (For example. IS
samples per ye:lr are sufficient to detect a 40% coange).

The disadvantage to using the ANACOVA model is that it is more difficulllO
n:latc the observed differences 10 actual changes in pollulant concentrations and loads.
The advantagc of Ihe model is that, by correcting for changes in TS5 in individual
storms. some of the influence due to changes in stte:tm hydrology during individU:ll
storms is taken into account and annual differences due 10 other facton may become
roore apparenL

T01\jcil)' Tesine

The purpose of toxicily monitoring was 10 characterize toxicity at diffetentland
use stations and 10 provide a long term assessment of toxicily (frequency and
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inlcnsity) in walCJWay scations. Sionn walcr samplcs wen: collcclcd in Santa Clara
CounlY during scvc:r:al winlers. Somc of Ihesc were used in chronic. 7-day toxicilY
ICSlS wim C~,jodJJphnia dubia (USEPA.1989). and somc wcre used for funher
characterizalion cmploying toxicilY identification evaluations (TIE) phase I pnxocols
(USEPA. 1988).

Thc resullS of chronic loxicity ICSlS are prescmed in Figure 14. arrangcd by
?tegorics of 10xicilY in~nsiti~ Thc legcnd lislS die categories in ascending order of
lalenSllY (F being more InlenSlve man A) and dcfines each toxicity catcgory. The
monaJjty endpoint is based on how long it took for a samplc 10 cause monaJity of SO%
of ~e lest organisms. and samplcs were assigncd to one of Ihree groups: extremely
tOXIC (F. lcss lhan 24 hours). highly toxic <E. 1-4 days). or moderalcly toxic (C and
D.4-7 days). Impaired reproduction (or lack of reproductive effect) was assessed for
all samples that did not cause monality wilhin 5·7 days. using Ihe aven!le number of
offspring per female per reproductive day (OFRD) as compared to control OFRD.
Moderale.ly 10XIC samples were assigned to calcgory D if Ihey did not impair
reproduction and to category C ifthcy did. Samples which did not kill me organisms
but caused im~aired reproduclion were defined as non-Icthal (category B). and
samples that did not have any dcleterious effect were cluecorized as non-Ioxic
(ca!Clory ~). GenCr.l1ly. the lerm "acute toxicity" for C. dubiIJ refers to toxic cffectS
deltncaled In cllegones E and F (monalilY wilhin four days). while the term "chronic
toxicity" refers to situations encoumc:red in catcgories B. C. and D.

.. Samples from various stations revealed distinctly different distribulion among
toxlCIlY e:ttegones (Figure 14). In the heavy industry Station (1.·2). all of Ihe samples
coll~ed ~uring 1991-1993 were cxtremely toxic (calegory Fl. All samples collected
at ~denllal and ~ommerctal areas in 1989 caused monality. and half were extremcly
toXIC. The maJonlY 180%) of Ihe walerway stations simples collected during 1989"
19~ w~.lethallo C. dubia (~alegories D. E and Fl. but only 20% were extremely
toX.IC. Ins Imponant .10 emphasize that modCr.llcly loxic and non·lclhal samples from
l'CSIden.DaI. commc:retal. and mixed land use calchmenlS did not inhibit reproduction of
C. dubla. excc.pt fo~ one unusual e.vent (SE·27) in which all samplcs collected in Sanca
C1~ Vallcy Imp!,I~. reproducllon. On the olher hind. most of Ihe transponation
SIlDons samples mhlblled reproduction. and were catcgorized eilher as moder:llcly
toxic (calegory Cl or non·lethal (calegory B).

Figure IS shows Ihe relative inlensities of toxicity as measured in Coyole
Creek (Slanon S4. Table 1) dunnSlhrce years ofmonitorinc. The while upperponion
of each bar represents Ihe median lime 10 lethalily (LTso). which is Ihe duntion of
exposure that killed 50% of me ICSt animals. The shoner Ihe LTso me hiCher the
tox~cilY· ~e dura~on of Ihc enlire leSl is 7 days (168 hours). To more easily visualize
vananons In 10XIClty. we have dcfined arelative loxicity intensity unit that equals 168
hours minus LTso. shown by the lower darker pan of each bar. Taller dark ponions
mean higher inlensity of toxicity. and absence of a dark portion means that toxicity
was not detCCt~ at all. As can be seen in Figure IS. the variability in toxicity between
Slonn events IS very high. and due to this variability it is difficult to see a trend.
However. toxicity was dctected in aUlumn and spring stonns more oflen dian in mid"
wint~~ stonns. The environme~llal significance of labontory loxicity testS using
scnslllve non·nallve org:lnlsms IS unclear. But the fact that the :lctual runoff duntion
in walCJWay Slallons is consislcntly less th:ltthe observed LTsos suggeslS that storm
water may not be creating toxic conditions in die lribulary screams.
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TIE lCSling has been conducted in a limited _yo ill pan because such teStS
require highly toxic samples thu have IIOl been observed in wlterway samples since
1991. TIE teSts (3 samples) from industrial stations showed that dissolved lIICWS
accowited for a substantial portion of the toxicitY observed. This is consistenl with the
lICl thai. at industriaJ stations, dissolved metals also c:xc:ecded WQOs and the toxicity
illtensitY com:lated wim Ihc maptillldc~die c:xcecxlancc.

. At WIlc:rWIy slllions (5 samples) and nnspanatiOll stations (I sample) the
majO!' Causes of 10xicity were non·polar organa (e.&-. pesticides or hydrocarbons).
Ill'~-orpniccomplexes. This is consislCnt with Ihc lack ofexccedances ofWQOs
by dissolved mcta1s and lends suppon to die appropriateness ofdissolved (rather than
total) concentrations u the preferred indicator of aculC toxicity (Cooke and Lee,
1993j. 1IIstc:ld of metals. pesticides, particularly diazinon. hive been implicated as a
major cause of toxicity in urban runoff samples from residential areas in Alameda
CountY (S.a. Hansen. personal communication) and In the Central Valley (CoMor et
al.I994).

CgD'ihisjons

(l) The effccts of land use on water qualitY is statistically siptificant only when data
are pooled intO me fol1owins broad \and use categories: open. residential/commercial.
and IteilVY induslriaJ. No statistically signifleatlt differences in water quality have been
dctc:ririined for data selS within these broad land use categories.

(2) Ehrichmcnt analysis indicates that urban soun:es ofcadmium. lead. and zinc are
much. larger than upland erosional sources, whereas for copper and nickel both
sourci:s are imponanL Chromium appears to be primarily an erosional source.

(3) Discrete gnb sample wlter quality data correlate with flow whc:rcas past attemptS
with Correlations using flow composite dall have been largely unsuccessfuL

(4) U!tear Isotherm equilibrium partitioning theory applies to storm _ter samples in
alluvial streams and to a lesser extcnt in storm drains. This theory is very useful in
prcdictinCthe dissolved versus particulate fraction of metals which is imponant in
evaluatinS the potential toxicity and treatability of Ihc sample.

(5) Exccedances of acute wlter quality objcctives hive not been observed with
dissolved metals dall and only 2 copper samples (out of 42) exceeded the chronic
obje~ves. Toxicity data indicate thu toxicity does not correlate with total
concentrations of the mews and thu toxicity is not reduced by fillering the sample.
These resulls suppon the current EPA recommendations (EPA. 1993) that dissolved
forms of metals are preic:rred fill' evaluating compliance with water quality objectives.

(6) 11 total mecals daca is used to evaluate compliance. gnb sample dall indicate Ihat
the duranon of exceedance is 20·60 t,(, of the storm event duration depending on the
mcul.

(7) Evaluating differences between slltions and between years appears to be facilitated
ifone uses ANACOVA analysis using TSS as a covariate. This effectively eliminates
hydrologic cffcclS associated with inaeased TSS (and implicitly increased flows).
This analysis indicated dlat water quality in a wltershed where die channels have been

12
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significantly improved (e.g.• lined with· concrete) was statistically different from
wue:r quality collected in natw'ai watersheds.

(8) The results of a power analysis to design a monitoring program to detect potential
long tenn 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. 11te authors suggest th~t
monitoring resources should be balanced between comphance and trends analySIs
versus focused special studies of limited duration.

(9) Toxicity effects have been characterized in six categories depending on the type ?f
effcct (monality and/or reproduction) and time scale of effect. Basect on t~t~
cl:tssiflcarion. toxicity testing data indicate that runoff from diff~ntland uses exlublt
different levels of toxicity to CeriodDphnia dubia. The most tOXIC samples were fo~nd
in indusaial land use areas. and the least toxic were collected at trans~ortatton
COtridors. However. samples from transponation corridors specifically tnhibited
reproduction of C. dubia_

The cause of toxicity also varied. Data suggest that dissolved metais are the
principal cause of observed toxicity at the heavy industrial statio~ wl\ercas at
waterway stations the cause appears to be related to non-polar organtes o~ metal·
organic complexes. Pesticides. panicularly, diazinon. have been implicated·tn stonn
water monitoring conducted in other areas of the S13te.

F!ltm Direction or Monitoring Pmgrnm

The two major watersheds, Guadalupe River and Coyote CrceJc. will ~ntin~e
to be monitored annually for five Storm events per year to evaluate long term trends UI
water quality and to determine if storm water discharges arc in compliance with ~ater
quality and toxicity objectives. Sunnyvale !::ast ~hannel and Ctl.abazas Cree~ WIll be
monitored every other year to meet these obJCCt1ves. and to provtde compll'llllve datL
The program will continue to conduct studies to evaluate control p1easure
effectiveness. such as Ihe 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 to evaluating the causes of observed toxicity will be
implemented to better understand this complex environmental issue.

In addition to taking a more targeted approach specifically to stonnwater
quality moniloring. the Program will initiate 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 or
watershed management.

The Program recently completed a pilot Citizen Monitoring Proj~ and will be
supponing an ellpansion of this throughout the Santa Clara Valle~ In an effort. to
encourage public education and participation and to help prevent 1~legal dump!ng
through inereased community awarcnes;s. A pilot watershed·based sediment sampling
and analysis project will be conducted In laIC 1994 to tcst such an approaCh to source

13

identificalion. with particular emphasis on polential erosion and sediment management
measures 10 reducing IOral copper loads 10 South San Francisco Bay. Finally, Ihe
Program. in cooperation with the Bay Area Stonnwater 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 witlthen be
implemented in the Santa Can Valley during the next permit term as component oC
watershed management.
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Results or ANOVA Comparison Between Waterway Sl.atlons

Pannotttr. ToCllI Copper
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TS5 UJed as coV1lrient .

I'anlDtkr. Total Copper

Station m Key

SI Calaba.z:Ds Crtdc
S2 Sunnyvale Eo Channel
S3 Guad:llupe River
54 Coyole Creek '

130

UO
110

100

3

~
~
i

~
...
"u
1 B gI-

SI 51 SJ 54

STAnON

_9O'llt

8
75 'llt

50'llt

25'"
_10'"

Peruntiles

Coor"od..... I.ftf: 0.05 (95")

J150

~
1100

'U -Jl 150

1

~ ~ Bt100 -.......
!t. 50
tu

0
51 Sl SJ 54

STAnON

• means lOW llOl dirT.renl t/wI column SUUOlI

> means row is pe:aLCl" than column s:.catioa
< means lOW is less t/wI column sution

Station ID Key

SI C:llabaz.:1S Cr.
S2 Sunnyvale E. Channel
53 GUQd:llupe River
S4 Coyote Creek

Fi~re 9 TOTAL COPPER PERCENTILE DISTRIBUTION AT W ATERWAY STAnONS
Figure 10 TOTAL COPPER IN SUSPENDED SEDIMENTS IN
SANTA CLARA VALLEY WATERWAY STATIONS



- - - - - - - - - .. - - - - - - - - -
Results of ANACOVA Comparison Betweal Monltorinl Yean
(CalabuU, Gl&AC1aJapc" Co,_ Sla......,
TSS used u covaricnt

••II II 11 If 11 If_01__ ,..y_
"-U ~~~;;:~W~.J.~~~~ftW3J

noa.. W.lTD 54NPLD
l~_e..-_l

J :
i

f :..
I:• • +-_..£=---+-=:J_O:::::::=f.=__=+u"_;:::;;_=;;~;:;;;'_;;:::::::~l
! !:::::==:::=:

• means row not dilTcralllllu coI_ swioD
,. _lOw is pQU:r lila alIl11D11lla1ioa
< _ row is leu Illu coiuauI aaiaD

\990

\992
199\

V.... i;j

Coarldna Ind: 0.05 (95~)

r.n..1m ToW Copper

100..,.....-------------,

o...l..----.----....,..----~

1m 1991 1m

1" ·.a ,;
j

f "!·..

f ·,;
..• ,;

•·•
•

II II 11 JJ Jt1l ...._oIlo_,..y_
~ II KVWla or W4TEll.4Y S.lWPLD ~'l:DlED TO DI:Tl:CT

4 l~rtAl nE.'\lllll TOTAL Ct)Pf[llI4SED ()lll ""ACOVA USII'C lSI
~~-c.r--I

FIgure 11 TOTAL COPPER IN-SUSPENDED SEDIMENTS AT
CALABAZAS. GUADALUPE RIVER. AND~COYO.IE_CREEA- _



- - - - - - - - - .. - - - - - - - - -

13
T.-.­
e--o........

12- ..."""""""---
...... - 9-- ......=-=

,...

10

.. CAT("",",...
A D .... r.-I 10

0--
~

11.'. __

~ C~=.,~_

~ 40 OEZ.l--~'_t
E~ ...-, ... (1... ..,..

2Il
F~ 1.--.., ..... ,. ....

F9utw '4. CAn:GORIES OF TOXICITY OBSERVED IN DIFFERENT
lAND-Use STATlONS IN SANTA ClARA VAU.EY

... • :!! ...... • . ...... ~

.., M·I M·• .." M ...
telt ' .,.. 1 ~.. ..,. Ivt .., ~ ...-...

STClRN EVENT

F'9\I" 15. INn:NSITY OF TOXICllY AT COYOn: CREEK STATlON (~l
DURING THREE YEARS OF MONITORING



- .. -:: :-.' .. : ~. -. ~.

I
I
I
I
I
I
I
I
I
I
il
I,

I
I
I
I
I
I ..-
I

Tuesday, August 9, 1994
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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
Hl~way Sile Median .concentration (FHWA4 1990),

l'Ol.LlJTANT IDl~L) Ai>T" < .lO.ooo AJlT" > JO.OOO I

TOlal swpeDded solid& n 142

Chemlc.al oxygea dem:uJd 49 l14

Niualc • ~ilnlC 0.46 0:;6
TOlal Kjelda1>l Nill~ea 0J!7 1.l0
TOlal pbosphorus 0.16 0.40

Copper 0.022 0.054

Lud ·0.0ll0 0.4

Zinc 0.0ll0 0.329

°ADT _ Avcr~e DOlly TraHic

Philipp Sieber"

CDOT HIGHWAY STORJ\:IWATER RUNOFF MONITORING RESULTS

Extensive stormwater monitoring efforts have been underta.lcen by
municipalities and tr.1l1Sportation agencies. The Federal. Highway
Administration (FHWA) and the Colorado Department of Transportation
(CDOT) have been involved in such monitoring.

Hlghny Slonnl!1lter RunolT

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

FUldings and conclusions from the FHWA and CDOT monitoring efforts, and
comparisons between the two are presented in this document. Table 2

Sources or Common Hllthway Pollutants (FHWA1 1984)

Introduction

The National Pollutant Discharge Elimination System (NPDES) stormwater
regulations have required municipalities and tran5ponation deparuDlints 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 tr.1l1Sportation departments, the above translates to
pollutants present in highway runoff.

CDOT compiled highway stormwater runoff characterization data coUected in
the past by FHWA. In addition, COOT performed highway runoff monitoring
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 eighties.. These

·Sieber, Water Quality Engineer, Staff Design • Hydraulics. Colorado
Depanment of Transportation, 4201 E. Arkansas, Denver, CO 80222.

POU-lJTANT SOURCE

Panicul.alcs Pavcmenl wear. vebidc:.s. atmospbere. m&LDlea.ance
Ni~a. Phosphorus AlJDoophere. r~c1c fentliza .pptiauoa

Lud Leaclcd ~Iinc. tire wear, lubricatiD~ ou md '!TCMC. bcarin~ WQI

Zinc T~ 1lI'CU. mOlor ali. grusc

lroa AwoOody rwt. steel bi¢way struaura, Dl~ eDIliDe puts

Copper P1uinllo bcanalllbus1lia~/bra1<e 1lI'CU. enlpDe paru. insecucdes
Codmium TllC wear. insec:ucde application
Chromium Melal Pl&unllo DloYUlJl el1lpDe puu. brake linin~ wear

Nic.kd fueb.. ",b.. meul p~~ bwhin~ 1lI'CU. brake unin~ WQI, 3Spball

M:uJUIle>e MoY1n~ cn~c parts
Brom1C!C Exh.....
Cyanu!e ADucal<e compound used '0 keep dcian~ soli '!T:uJu!M
Sodium. Co1Icium Deicia~ ..Its. grasc

Chloride Delan~ salts

Petroleum Spills. lubricants. JOtifreczc JOd hvclnuJic l1uids. 3Spi1all

P-chloria01cd P=ciucs. almoophcric cIcpooatioa. PCB catalY" in synlhetic tires
bipbcavt
Pub~elllc baaen. Soil utler. bird droppiD'!'o UValOc.l ODd stockyard WUle

Rubber Tue wcar

Aobeslos OUlcb and brake liniall WQI

Sieber 2 Sieber
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The concentration o( pollut:ll1ts in highway storutWater runoff is affected by
(actors such as: precipitation intensity, duration, and volume; temperature;
surface winu speed and direction; highway configuration, design.
geometries, and drainage fearures; pavement composition, condition, and
quantity; traffic characteristics (Average Daily Traffic - ADT); vehicular
transponed, generated, and deposited inputS; maintenance practices; and
surrounding land use (urban vs rural). ADT was identified as one variable
having a signifiQJlt impact on pollut:ll1t concentrations.

Some overall conclusions reached by FHWA on highway storutWater runoff
and its eifeets on receiving waters were:

• Highway storrnwater runoff for highways with ADT < 30.000. with no
curb and guller design. exens minimal to no impact on the aquatic
components of most receiving waters.

Annual pollut:ll1t 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 ganimarid exhibited a toxic
response to undiluted highway runoff. .

COOT Monjtgdol

Initially, COOT considered using the same site tha1 had been used by
FHWA. which was located on interstate (-25. extending from just south of
fully directional interchange with interstate (-70 to Fox StreeL This site had
an ADT of 149,000 with a drainage area of 14.29 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
(-25 re<onstruction work currently in progress where the'site used to be.

COOT therefore evaluated several other alternatives, and selected a new
site for the monitoring. The site was located on Interstate 225 «(-225) at
milepost 2.15. ADT for [-225 is 95.000. Dra.inage area for this outfall was
7.59 Ha of COOTs right-of-way (ROW). starting at milepost 2.35 just cast
of Cherry Creek and ending at milepost 3.07 Cunher easL The drainage
area includes paved sun'aces (six highway lanes plus shoulder) as well as
vegetated suriaces (median and areas between the edge-of-oil and the
ROW fence). Storrnwater runoff from this area discharges into Cherry
Creek through-;r60:96-cm-OUtfalt--

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 dciinage area had to be exclusively COOTs ROW
~th a minimum or no outside contributions. Also., the conveyance for
the highway runoff should not have any connections with coaveyanccs
4raining water from areas outside COOTs ROW.

•. Safety: The site had to havo an area to install the monitoring equipment
in such a way that no safety hazards were aeated for the !raveling
p~blic, nor for personnel operating and servicing the monitoring
eHuipmenL

• AQ:cssibility: The area should have easy acccs.s to facilitate sample
cOllection.
,:

• Di'ainage area: Tho drainago area Cor tho site had to be 4.05 Ha or
more.
I:

EQwpmeot

Tho following equipment wu used for the monitoring:
/.

Automatic sampler with power supply
Relay to drive autosampler

• Data logger with power supply
- Data storage module
• Pressure transducer
• Gen-a-flow bubbler system
• Rain gauge

Descriplion

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

Sampling ~rred a1 the last inlet located in the median, just prior to the
outfall to Cherry Creek. The inlet is located a1 milepost 2.25, 30.48 m
upstream from the outfall Because the outfall is actually located outsido
COOTs ROW. it was nOI possible to perform the sampling at the o:.:u::tf::al::.L=- __

A sheller was constructed to bouse the monitoring equipment which was
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insta.lled about 4..57 m from the sampling point

To provide flow measuring ability, a 60.96 em Palmer-Bowlus flume was
constructed just upstream of the outlet of the storm drain intO me 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 mJIs) that it was considered negligible. It was assumed
that the source of this basetlow is groundwater seepage into me 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
BiochemiC:Ll 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 hnur dry­
period. However. due to Colorado's climatic conditions, COOT use4 (with
previous approval from the Colorado Department of Health) a variabce in
the sampling requirements according to the following criteria: .

• A 7 day separation between storm events.

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 1-22S monitoring site. These EMCs do,
however, not account for runoff volumes lost due to storage, infiltration, or
evaporation. .

Since COOT has only one land use (highway), in addition to the .5.i.t.t:
average EMCs, the calculated EM~ represent the LlIld-Use average EMC.

Estimated pollutani 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 RaIn(al1 x Runol1' coemelent x EMC

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

Drainage areas were calculated as:

Pavement width )( Paftment length

Information regarding median widths, or edge~f~iI-to-ROW-fencewidths,
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 wbere most of the pollutants are expected from.

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

Preceding StoOD Depth
S 5.08 mm
s 12.70 mm
> 12.70 mm

Dry Period
24 hours
48 hours
72 hours

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 rom was
selected for the four cities.

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

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

From the data collected at the 1-22S monitoring site. estimates of annual
pollutant loads and Event Mean Concentrations (EMC3) were calculated
for the following constituents: tota.l suspended solids, total dissolved solids,
biochemical oxygen demand. chemical oxygen demand. total nitrogen, total
Kjeldahl nitrogen. nitrate plus nitrite. total phosphorus, dissolved
phosphorus, c:ldmiurn. copper, lead, and zinc.

Table 3 includes COOTs monitoring results for the 1-22S site (only for
those constituents that were detected). Table 4 includes calculated EMCs
for both the FHWA 1-25/1-70 site and the COOT 1-22S site. For
comparison purposes, the EMCs for the 1-25/1-70 site were also calculated
as runoff-volume-weighted average EMCs using the same procedure as the
one used to calculate the I-ill EMCs.
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Table 3 Table 4

1·225 Monilorin(( Dala EMCs 1·225 aJld 1·25/1.70
CON~TlnJENT UNITS ~"'ORM 1 STORM : ~"'ORM 3

D~lC 07/-:JJ/'13 Ull/05/9 Ull/YJ/9
.. CONSTrTUENT £MCa l·llS [MCa 1.25/1·70

lWniiIJl mm 10.4 10.1 3.8 Totoi auspaded solicls (mg/LI. TSS 1419.1.38 344:137
Slorm r\IAOlr m 47.llt -18.1 :.sAt ToW dissolved Solids (mgtLI. TDS l.S4.ffi :-I/A
51DnD ~w~,ioo hoon !.5! U.9: O~ Bioc:bcmicaI 0X)'geII dcmaad (mitt L1. BOC 34.an 33.2'13
Dry penod boun 144.1X 12O.lX -18.01 Cbcmical OX)'gCo dcmud (mgtLI. COD 267.179 -:JJ7.632
Draimgc Jrca H~ 7.5 7.5 7.5' Tocal~ (m!!lLI. TN 5.388 N/A
Storm runoff mm 0.6 0.6- 0.3' Tocal KjeJdahJ aiuogeo (mlJl Ll. TKN 3.748 Ul3S
Tota! Suspcn~ed Soticls ID!!IL 2910.lX 628.lX U4.1X l'f1UaLC pi... aiLri,e (m!llL). NOhN03 1.holO N/A
Toca! Du.olved Soticls mgiL 1.58.lX 170.lll U9.Ul TOU!I.pboopborua (mglL), TP 0S75 0.649
Biochcm.Cl.I Qxvgeo Demand m!!lL 31.1ll 34.1X 4O.lll DiuoIved pboopbona (mIJlL). DP 0.458 N/A
Cb.emial Oxvgeo Dcmud ID!lIL 380.lX IBO.IX: !2lJ.0I: Cadmium, local rcawerable (u!llL), Cd lS78 17.137

Toca! NilrOllCn m!llL 4.71 S1l£ S.9l Cower. lOCal rcaJVerable (ug/L). Cu 49.359 108.664
Toca! Kjcldahl Nill'O!lCn mglL .. 1'1 3.1 -l.U 4..)( Lc&d;lotol rcam=blc (ug/Ll. Ph 128.462 579.323
Nilr:llc plU5 Dilri,e m!!lL;u 1'1 ! 1.6l L7l: 1.61. LDc;. loW rcaJVenblo (u!lJ Ll. Zn 470.653 4n.~

Pbosphorus. lOla! m~/L .. P 0.4 0.81 OX
Ddmiwn. 100aJ n:covcrablc ug/L .. Cd 3.()( 1.01: N/A Cgmoariwn
Copper. lOla! recoYCrablc u!lJL OS Cu 75.1X 32.IX 34.0.:

~d. lOla! recoverable ug/L .. Pb .260.lX 53.lll :4.OC The 1·225 data obtained by COOT, and lhe 1-25/1-70 data obtained by
Zinc. (oc.J rcc:over3.0lc u,!lJLosZn 690.01: 290.()( olOO.lll mwA are graphically compared in Figure 1.
Qij ano g:re;ue ID!lIL 9.01: 2.lll U.lll

FeCl.l coliform. cols/IOO ml 1680.01: 1650.()( 3lDlll.OC

Fecal suep,ococci alb/IOO ml 92OO.lX IOSOO.lll 15000.()( 'MDcm.+m

pH S.U. 8.1 7.9l 7.7C

-----11~
Bi.\(2-.:lh¥lhexvllphlhaJ~le ulJIL N/~ 9.01: 25.01: -. ....
"""'Die. lotal ug/L OS As 4.01 w: l.lll

Chromium.. lot.u recoverable u!lJL ;u Cr 27.1X1 8.lX 4.lX - .-
Mcrc~, Iota! recoverable ug/L as H~ N/A O.2C 1'1/" -------- -
Nic.l<cL lOCal recoYCroble u!lJL .. Ni 22.lll. 10.01: 7.()(

_. . -
_. -

Pheno~ loul ug/L 7.01: 9.01: 21.0.:

Soc1iwn. <fusolved lD~L os N. :.0.01: -:JJ.lll 13ft l_J.1),1.70::....~, I
aoo COO

I.~JM.'" ...wl
P()(a.s>IUlD. du.solved lD!lIL .. K 3.61 7-" U = ~
AlkaJinllv mg/L (C~C03) 46.lX 59.01 t4.lll

Sulble. <fusolved m~L .. ~04 t6.()( 16.()( 16.Ot

bJI-~ ---Chloride. dUsolVCG m~/L .. CI 14:1ll: 21.lX 14.()(

Nilnlc m~/1- as 1'1 O.()I, 0.0': U.llt ._--_. - ._-_._- ------- --
Ammom~ mgtL .. N 1.9C L4l 3.41

Toc~ ur~ic QlDQft mIJlL .. C 1lO.0I: 55.1X1 bl.Ot
-- --_ ..._._..-

Spc:afic conductance us/em 171.()( ::::s.oc 172.01 -~

M~c.sJum. Ji.s.s.ol-..ed m'!lL .. M~ U.9 2.OC 1.5t
roo TP CoO 00 .. '"I...JM.'" .~·m·1 ....-D'J............-ns

c,uClum. Ji.uolved lD~L .. D 9.50 16.0.: 11.lX
Figwe C (·m ",1-25/1·70
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By comparing CDOTs dau vs FHWA's data it cao be concluded thac

No major differences are observed in oxygen demand or nutrients.

The most noticeable differences are in Total suspended solids (TIS) and
in Le:ld (Pb).

The difference in TIS 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 ilIl 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 tbe discarding of this value.

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

In gener:ll. a reduction in metals is observed which could be due to:
improvementS in refining proc::esses producing cleaner motor oils and
greases; reduction in insecticide applications due to environmental
concerns: elimination of le:lded gasoline; and improvementS in tire
manufacturing processes.

Future COOT Monltodng

From a regulatnry perspective, COOT does not expect at this time to
engage in additional stormwater monitoring effortS for sever:ll reasons:

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

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

3. Current monitoring effortS by other DOTs. Other transportation
departmentS (i.e. Texas. Washington. Oregon) across the counuy are still
involved in highway runoff monitoring effortS. In the furure, CDOT
expeCtS to compile this data and compare it versus COOTs and
FHWA's data.. Nter evaluating this data. COOT will be in a be~er

position to assess any funber monitOring needs.

From a research perspective. CDOT expects to engage in monitoring effortS

with specific goals:

1. Goal 1: Monitor three (out of 13) permanent sediment ponds that were
constructed a.I pan of CDOTs Straight Creek Water Quality and
Erosion ConlIol project. The intent is to a.sses.s the efficiency of those
ponds in removing sedimentS in bighway and snow-melt runoff. which
are caused by sanding from COOTs 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

COOT 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 1-225 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: "bec::luse of
the inherent variability in EMCs, a limited sampling effon 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 bigh 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 furure. 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 Hublc.a. Georze Chang. P.El .• :wI Steve St.eeher. p.E.2

This paper presents methods for quantifying urban development conditions
and cbancterizing the impact of urbanization on srorm water pollution. Based on
cb1a collected by the City of Austin (COA). it was found that storm water
pollutant mean conc:enU1Uions can be correlated with development indices and
watershed sizes. Use of the arithmetic mean of event mean conceBtrations
(EMCs) to cbancteriz.e storm water pollution may lead to biased resulls if tbc
EMC data Set are not large enougb o.r not carefully reviewed.

Introduction

The City of Austin (COA) has had several storm water moniroring prognms
since 1975. The objectives of the progr:uns are to evaluate the imp:ICts of urban
development on Slorm water pollution :lDd to identify Best Managemem ~r:lCtices
(BMPs) for mitigating these imp:ICts. Based p:lrtially on the finding$ (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 curnntJy has
two storm Water monitoring progr.uns (COA. 1993). One progr:un is est:!blishing
a network of fony-five (45) ronoif monitoring staUons to test land 'use and
structural BMPs. The other program monitors in-stre:lffi storm water quality at
eleven (11) creek locations througb a COAlUSGS m.s. Geological Survey)
cooperative project. Table I shows a compilation of the monilOring stations and
the corresponding monitoring and watershed information used in this study. This
study proposes methods 10 charactenze urban storm water polluti~n U1ing
concemr:llion data and informauon generated from previous CGA studies.

IStaff members of Environment.>J and Conservalion ServIces Department. City of
Auslln. Texas 7870 I; 2Pres,dent. Crespo Consulting ServIces. Inc.• Austin. Texas
78759 (former City or AuslIn en~,"eenng staif.)

TABLEt

D~CRIPTIONOF MONrTORING STAnONS

~O.a1S&a'" ~ .... I.....--.L....... ""o. .,s......
W.I......... Dw!oq!.... "......~ "'.....I--.~.....
so. ,

LMoow_ 12 1.416 79.360 ~7 :5
s..uw_ 17 1 371 '17 29

t.a.. u.. :
u_ 3 79.360 3 , 7 Ul
SF~... 26 371 21 39 7 29
MF .......M/omc. 1 3 '0 88 9 :.5
e-,'-nal . 3 197 6' 97 8 2J
T_ 10 81 :!2

~- 1.416 3U)2 12 ~7 I~ :.5

W.....T".:

u_ 8 3 7.m 43 97 9 :.5
:so-- I' I )2..!J2 12 39 7 29
~ 6 301 79.360 3 3 7 20

TABLE:

STATtSTlCS FOR THE REGRESSION' OF INSTAI'ITANEOUS
CONC~nONS ON STORMW...TER RUNOFF FLOW RATES

,........I ...~

DnI-.. ... 1-.. c...,.. TSS TOC lK:"I TP
w.-.- a._- a.- .-
w"'CII.@IIW~tl"K.d. 14~ :.5 0.43 0.42 0.01 (lI0

Sa.-lC..... llS.. 7.a0ll 47 0.67 0.J3 CUJ G.JS

W........ c.-~lISl. 1.416 ~) 0.63 0.11 Il.J.l 0.!3

Hart LaM" N'W ,., ..... 371 39 0.30 O.QI 0.02 0.09

Lou. ern.: ~ SW ""NWl 160 :7 0.30 0.02 O.~ 0.%9

&non a:. s..... Mall ~7 86 ll.11 0.007 0.001 0.02

LnKa~. 14 97 0.35 0.0007 0.06 0.1J

• "~IC'net'~""-ft'Of'I"MMSc.:.~~~.~CI.~~C'M'IrItN"'''''.Olt'''''C'O"'t'1~....
no.. .." a.. aNI a. aft rnfW...... c.nhCM'ML .

... -..so-n" c.elfM:M'M ~ 4IrWfW'l...-..n. 80hll R·MUoaofW ...Ne.....toalC. "......~ ""'!'ft.......
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PreYloys SlYdlCS

PrevIous COA studies (COA. 1990) on storm waler pollution indic:w:d that for
mOSt of lhe runoff pollUl:llll p=lers. lhere is no signiflc:Ull difference in tbc
average evem mean concenlr.lUOIl5 belween all residential and :ldcqualCly-nwnwncd
corrunerciill Sl~. However. so= differences eXISt between undeveloped,
resldcnu:Il. and less-nwnwned commcrci:ll SiteS. The avenge EMu for larBe.
lTUxed land-usc. creek basill5 are gener.illy gn:aler lIw1lhosc of small. SlDgle laDd-usc
walCrsheds. Most of lhe Ciry's creeks arc affected pnmarily by storm water pollutioa
because lhere are iew signiflC:ll\I POlOt sources. In order to compute runoff poUuant
loads. a relauoll5hip between basin runoff cocfficiem (Rv. lhe ratio .of the averqe
annual runoff 10 averaRe annual r.unfall deplh) and percent lIIlpcrv10US cover was
developed. This relau~nship c:III be described by a quadratic polynomial ~uation
(COA. 1992). The equation was substantiated by additional data fro~ this study. In
gener:ll. a linear approximation 10 lhe. runoff cocfflclem versus Impcrv10USDCSS
rel:u.ionship tends to overestimate Rv values. especillUy for low unpcrv10us cover
sites. For:lllv low to medium impervious cover sue. tbc SlDglc event I1IDOff
cocfficieDl gen~y increases wilh increasing amoum of rainfall. The average Rv foe
this site should not be c:Ilculated as lhe arithmetic mean of all Rv values unless tbcrc
is a sufficlem number Ito be described lalCr) of lhesc values. Gilbert (Gilbert. 1987)
suggested lhal the anthmeuc mean may be a biased estimation of the population
mean if lhe cocfficlem of v:ll1ation of the data is grc:ucr than 1..2.

Definitions QfVariables

Mea.n concenlr.ltion (MC): MC is eilher lhe lIrithmetic IllC:Ill Qf event meaD

concenu,llIons Qr the now weighted IllC:lIl Qf instanl:llleous concenlr.luons fQr a
pollul:lJlt p=eler for :lily specifiC walershed. Flow weighted mea.n is the now­
volume weighted average of conceDlr.>1I01l5 cQrresponding 10 variQUS classes of
runoff nQW r.>tes.

Percem Impervious cover (lC); IC is lhe ratio of gross impervious area in •
watershed IQ the dr.unage = Qf lhe walershed. expressed in percentage of the

dr.unage area.

Undeveloped Slle (UNOS): UNOS is a baslO or watershed in which linle area
has been disturt>c:d by human's acllVlry. The ground of the basin is mosLly covered by
nalur:ll vegel:lllQn.

DcvelQpmem index (on: Dl is a quanury that represents Qne or :Illy
comblDatlon of lhree vanables. lDcluding percem ImpervIOUS CQver. land use IOdeX.
a.nd watershed type lDdex. L:1nd usc IS classified inlQ tive types: undevelQped: single
famlly rcsldenllaHSf); Qfflce or multi-iamiJ.y-resiricnll:ll-(ME>~commen:Wand

indusuW (Comflnd); and roadway. Watershed-type muns the deg=: of clc:lll1incss
whicb is detemllncd mainly by lhe age of roads and SlIUctureS. and lhe practice of
housekccplOg work in lhe area. In additiOlL it may also be ideouflCd by the
Watershed's relative location an the metropolitan area. For lhe Austin = the
watersbed-rypcs arc wtlan. suburban. or rur:Il wlUenhed which com:spond to the
deftnitiOll5 used in the Ausun's Comprebensive Watershed Ordinance (COA, 1986).

MC;jlQ CQncc;D\GuiQn$ fQr a Soecific Sile

. The use Qf the average Qf event mean concentrations (EMCs) for
cbaiacterizing storm water poUutiQn for a specifIC SIte may lead to biased results if
the EMC data are nQt =fuUy reviewed and llUtCd. PrimarilY. it is imponant to
detCmune whether Qr oot the EMC values represent the avenge concentrations of
the connesponding stQrm runoff. The majoriry of lhe runoff volume (e.g.• 80% or
more) from a rainfall event should be sampled in Qrder 10 provide sufficient daa for
the i:stimatioo of an EMC. For any monitOred rainfall event, the number of samples
should range from lhrce (3) 10 as DWIy as mlCCll (16) depending on the complexiry
of the bydrognph. An EMC value sbould not be used if the sampling docs not cover
the fuU range of the hydrograph. Secondly. the /low measurement system mould be
dcsiincd carcfuUy and the qualiry of lhe data thoroughly reviewed. The
mUsurcmcnt of /low in a storm dr.Iin system is fairly difficult in considering the
clwlging /lQW conditioll5 dwing a storm. Ina.ccurau: discharge values c:III result in
erro'neous /lQW volume c:Ilculatioll5. which will impact !he EMC estim;uion for the
storm. Finally. the /low-weighted mean concentration (FWMC) C<ID be computed as
a vc:rification. The FWMC should be approximately the aver.lge of EMCs if there is
suff!cienl /low and instanWleous concentratiQn cUt&. In onder 10 c:Ilculate lhe
FWMC. lhe /low fale of runQff sbould be divided into scver:ll classes.
CorresPonding to each nQW r.ue class. there is a concentration value :IIId a
mcasuremem of percent volume of lhe avenge :lIIDUa1/1ow. The FWMC is the sum
of lhe products of concenlr.lUon values and the percent vQlumes of annual now.

. If !he aver.lge of the EMCs is used 10 reprcsenl watershed mean
con~ntration$. lhe number of the sampled eveots should be sufficient 10 CQver !he
emire r.>nge Qf r.>infall classifications. As shown in Figure I. EMC values decrease
willi an IDcrease in stOrm runoff volume. nus relatiQll5hip is nOI clearly 5hown
unless the number of sampled events are sufficient and lhe corresponding EMC
values arc grouped. Also. Ihe EMC values may be dependenl on build-up conditions
at the onset Qf r.>infall events. Based on lhe SWMM Manual (U. Qf RQnda. 1988).
a COA sludy (COA. 1994) derived lhe relatiQnship between load :lIld lhe nwnbcr of
dry days fQr specific land uses. As shown in Figure 1. lhe total suspended solids
(TSS) load :JCcumulalCd at a roadway site is si~ficanLly related tQ the number of dry
days befQre a storm. allhough there IS cOll5ider.lble scatter ID lhe d:ll:L
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DedV3!jOD of Development Indell

The development index (01) represenlS walershed development conditions
wlUch can be quantified using one or any combin:uion of three variables: percent
impervIOUS cover. land-use index (Ll), and watershed-IYpe index (wrI\. In lhis
study. DI is assumed to be a linear combin:uion of Ll and WTI. The following is an
example oi computation for obta1lling DI:

For the Austin area. a storm water monitoring period should generally run
between two (2) 10 four (4) years in order to adequately represent the enure range of
classifie:uions of rainfall eventS. Typically this would provide about lWenry to thirry
(2G-30) EMu. To ensure accurate representation of the different classifications of
stonn 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 replic:llcs is needed for each class of eventS. the
number of adequately-sampled evenlS should be OIt least eighteen (18). For lhe
rainfall conditions of the Austin area. this will require a minimum of two (2) years of
monitoring to satisfy. Bec:wse of the difficulry of m:lintaining and oper.uing a large
number of mOrUtoring srations and the potential for drought conditions to occur
during the sampling period. this minimum time requirement of two years is typically
not sufficient. Thereio~ it is prudent to plan for storm water monitonng over ot
least a three (3) year period.

5lep one: Develop a matrix of mean concenlr:ltion (Mil v;uues for the
relationslUp of land-use rypes versus pollutant p:lr:lmeters. Given five (5) pollutant
p=eters, the matrix is as follows:

The EMC v;uues can ;uso vary with the runoff flow roues dunng r.unf:ill eventS
since the instantaneous concenlr.ltion for some p=eters is rel3ted to the flow rolle
(T3ble 2). The rdauonslUp tends to incre;ue With the increasmg of dr.1.inage area.
and is probably the result of incre:lSes in peak flow In relation to both dr.un3ge :l.rea

and growing urbaruzation. The inc:re:lSeS in pe:Uc flow typtcally resullS in increased
channel and banJc erosions (CONECSO. 1992: Schueler. 1987). II the relatioaship
belWeen InstantaneoUS concentnuon and flow rolle is significant. the tneaII

concentrations of a site should be represented by the flow-weighted mean
COnCeDlraUOIlS. The average EMCs can represent the Site mean concentnuons ooly
if the EMCs were computed from a sufficient number of stonns wlUch cover the full
r.mge of the flow rates.
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~ ill roc lliU IlW If

Undeveloped 77 7 0.13 0.32 0.04
SF Residential 151 12 0.70 1.60 0.28
MF ResJOflicc 97 14 0.63 1.76 0.38
ComJlnd. 216 14 0.61 2.24 0.46
Ro:uIway 320 25 0.40 1.20 0.11

Step IWO: Standardize;l1J mean concemration values to a dimensionless
vanable which has a l1UIdomly-assigned arithmetic mean and Standard deviation (in
Uw. example. M .. 3. and S .. 1.581 for a series of numbers 1.2. 3. 4. and 5). Using
SAS STANDARD procedure (SAS Institute. 1987), the sWldardiz.ed mean
conccntr.Uion is

then ilie development index of a wau:rshed C:tll be computed for each or the pollUWlt
paraIDelUS in the mauu.

A$$S1sjng Sloan Wiler PollytioD

The values of mean conccnU'alioQS and development indices for several polluwu
p~ters and for ;l1J twenl)'-nine monilOrtDS siteS were computed. lbe pollUWIt
paramelUS evaluau:d usmg local d.au are total wspeoded solids (TSS). chcmil::Il
oxygen demand (COD), 5-<1ay biochemical oxygen demand (B005). total organic
carbOn (TOC). total pbospborus (TP), toW nitrogen (TN). nitrite plus nitr'aIC
(N02+N03). total kjeldahl nitrogen (TKN), ammonia (NH3), lOW lead (TPb), fecal
coliform (Fe. Col.). and fecal streptoCocci (Fe. Stp.). These are sWldard panmelCI'S

coruidered in :usessing noo-point source pollution from storm wuer (EPA. 1983;
Sbucler, 1987).

Step four: Assurrung the developmenl index is a linear combination of U
:ll1d wn in the following form:

The values in the mauix above are the 1:ll14-use indices for e:lCh pollutant parameter.
The values in the colulTUl labeled •Avg." are the overall land-use indices for each of
the land-use lypes.

.Step lhree: The watershed-IYpe index (WTI) C:tll be derived in the same
manner as steps 1-2. (n this case the mamx of MC values consIsts of wau:rsbed
l)'pes lrural. suburtJan. :tIld UrtJ:ll11 :tIld pollul.1llt parameters.

where M: is the arithmetic mean of MC values for the five land use lyJlC$ for each of
the five pollutant parameters. :IIId awe is the standard deviation of these five MC

values. Corresponding to the MC matrix above. !he sandaniizcd MC matrix is:

Conclusions

Based on the findings. the follOWing conclusions C:tll be drawn:

For the TSS-rclated par.uneters such as TSS. TP. TKN. and TOC. the mean
concentr.Uions :lR: signifiC:tlltly rel:ued to the drainage ;uu of tbe watcrshed. 3S

described earlier in this paper. As shown in Figure 3, the relationslUps berween TP
concentr.ltions :tIld development indices :lR: represented by two separate regression
lines (for watcrshed size $ 1000 acres and > 1000 acres!.

Mean concentrations for some panmelUS such as TP. TKN. TN. COD. and TPb
can~orreluewell with the development indices. As shown in Figure 3. the TP mean
=tration for :tIly specifl.C watershed in the area can be reasonably estinwed from
the : development condition of !hc wuershed. i.e.. lbe land-use index and the
watl:rshed-rype index of TP. Additionally. the percent wau:rsbed imperviOUSllCSS is
also an IldeqlWe indelt for estimating mean conccntr.ltioru for the above menuoned
pollutant parameters. On the other band. regressions of mean concentr.ltioru on
development indices for other par.uneters are less signifiC:tllt. As shown in Figure 4.
the'mean concentr.ltion values of nitrite plus nitr.lte corresponding to the higher
values of the development indices vary independently from the development index..
There :lR: no signifiC:tllt differences in conccntr.luons :unong watersheds of ;l1J the
development conditions cxcept for Ihe undeveioped sites. To further review lbe
lbta. the N02+N03 concentr.Uioru are generally lUgher for the SF residential land­
use sites. probably because of fenilizcr :.pplic:uions.

[I]

~ ill :me llill II.W. If AYs.

Undeveloped 1.47 123 0.52 0.58 0.68 0.90
SF Residential 2.67 2.42 4.38 3.39 3.06 3.18
MF ResJOflice 1.80 2.85 3.95 3.74 3.99 3.27
ComJlnd. 3.70 :.94 3.79 4.79 4.82 4.00
Roadway 5.37 5.55 2.36 2.51 2.44 3.65

SWI MC .. [(MC-MC)/awcJ[S]+M

D1 iL(Ll ..._WTnL2. [21 _ ---------Ih-----1=hiS--5ludy-used-lblll collecled-from the Cil)' of-Auslln:.s-slorm---water-~------I.
monnoring programs. Although lhe Oalll IS prelirrunary. its qU:ll1l1l)' :ll1d qualil)' are
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2. COA. ·Comprehensive Watershed Ordinance: 1986: "Urb:m Watershed
Ordinance: 1991: -Bnnon Springs Amendments;-" 1991-92.
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sufficient for the development of :l simplified method 10 ch:lr.lctcriu: urban stonn
wlter polluuon.
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"Low Case Aueomaeic Stormwater Sampler'

Lynn A. Dudley'

Abstract

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

Introduction

Who is Vortox? Itow 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 combuseion engines
for 76 years. We held one of the first patents for the oil
bath air cleaner. Voreox supplies to OEM's such as
Chrysler, Peterbilt. Kenworth ae well as some afte~rkee
applications in alternaee fuel conversions. We also lend
our expertise in design and sheet metal fabrication to the
j obshop market. '

OUr involvement in stormwater sampling was the result
of studying the CWA regulations as it pertained 1;0 our
industrial site. This led us into an investigation into
the accepted methods of sampling stormwater and a

'Director of Engineering, VortoX Co., 121 South Indian Hill
Blvd .• Claremone. CA 91711-4997

deter.nination that no one method of sampling was
convenient. ,s imple. safe. obtained a quality sample and ,.,as
co~t effect~ve. At the Vortox plant site we have three ()
po~nts wh~ch must be sampled. After dete~ining that we
could not sa~ple manually we obtained quotes on electronic
samplers wh~ch would cost several thousand dollars for
three () m~chines. At this'poine. Vortox was determined to
develop a s~mple 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 ehe method for collecting stormwater samples
at the Voreox plant. The regulators at the Los Angeles
region not only gave us approval but thought enough of the
met~od to asle us to show the prototype to the other
Reg~onal Boards throughout the state. All the Regional
Boards in Californi~ stated they would accept this method
of sam?l~ng: ;nclud~ng the man c=edited with writing most
of Cal~fo~~a s stormwater regulations. Tom Mumley from the
San Franc~sco Bay Region. Vortox made the decision to
patent. the concept and enter into manufacturing and
market~ng the sampler., We traveled to adjoining states
asking regulators, chem~sts and consultants to critique the
~pproac~ ~e had taken. The feedback was always positive and
~n add~t~on to California's acceptance, we obtained
acceptance from Utah, Colorado. Oregon. Wisconsin.
Washington and South Carolina. After 2~ years of
product~on, we have over )50 samplers operating in the
field which includes military bases (Navy and Air Force) ,
airports (Santa Barbara " Los Angeles County, CAl,
munic~palit~e9 (City of San Diego, CA, City of San
Franc~sco. CA, Counties of Orange and San Bernardino CAl .
The U.S.G.S. has officially recommended the Vortox samoler
be used in some of their stormwater resoonsibilities - for
the military. Industrial site applications range from the
very largest corporations (CocaColal 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 lndependent,laboratory run a test comparing the
results of an electron~c 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
samplers 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

1 Dudley
2 Dudley
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(continuous collectionl 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 3 liter (.8 gallon) i. sufficient
for the standard testa for Ph. T55. TOC. metal. and
specific conductivity. The 5.5 gallon sampler is used for
applications requiring larger sample volumes (i. e. bio­
assay testsl 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
~l ~LITER (5.S GALLON) SAMPLER PLACED trITO SUMP HOUSING

IE C£HTU I'OIlT VALvt

A IHTAXE ADJUSTING SCIltW

II UP'nJ1 IIAU. VAlVE

C COULCTIOH CHAwlI(Jl

IX"'L_-1r---1l) LOWtR ....u. VAlvt

VOlT TUB[

HO HEAO nrn~

1...11:0 OUTLCT

FIGURE 3
"IN-THE-PIPE" ) LITER (.8 GALLON) SAMPLER

IN 610MM (29 INCH) PIPE

FIGURE 1
3 LITER (.8 GAt.LON) STORM WATER SAMPLER

The three ()l confi~jrations are available wlth a dam
around the orifice (Fig. 4l to allow heavy particles in the

______!ffluent to sett~e out in ehe sedimene pan~ elLee.J:..ing' •
tne sampler ~ Wlt oue the dam (Fig. Sl so the fluid flowa
immediately ineo ehe sampler.

3 Dudley Dudley
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Transferring the sample

To transfer the sample to laboratory bottles (Fig.
6,1,8) simply attach a flexible tube to the barbed outlet
at the end of the csnter port valve, (E Fig.l) place the
opposite end of the tube in the bottom of your laboratory r'I:::;:JRE 7

FIGURE 5

sample bot:~i! 'lr.:: ~pe'1 :~e nl'/e, The sample will be
transfe::-::-ed '''It:: ',,,-ry 1:t:1e '!lxposure to the air.
Occaslo"al:y s~a~e the sampler :0 ~eep the heavy particles
in suspe"slcn 3'1d i::s~re equitable transfer of all
partlcu~ati! mate::-:3l. .

FIGURE 5FIGURE 4

Each design has an incake adjuscing screw at che top
of the ball valve for controlling the rate at which the
liquid encers the sampler. As the adjusting screw is
turned downward. the ball is restricted in its vertical
lift and throttles the orifice opening. When the adjuscing
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 ~
~ 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 fill in approximacely two (2) minutes.
The 21 liter (5.5 gallon) sampler will .fill in
approximately 10 minuces 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 prec;ision
machined. screw with slight resistance so as not to' slip
from its selected position. Because the effluent i~ 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.1) keeping concaminants 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).
As the chamber fills the lower ball valve (C, Fig.1) 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.

5 Dudley 6 Dudley
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FIGURE 8

Cleaning the sampl~r

PIGURE 9
SUSPENDED 3 LITER (. 8 GALLON) SAMPLER

IN EXISTING DROP adx WITH GRATE

'In situations where there are no existiog d~op boxes
(Pig; 10), we have a kit approach in both the 3 liter (.8
g&119n) and ~l l~ter (5.5 gallon) sampler (Fig. 11) which
incl~dea the sampler, sump housing and a traftic rated
grate for below grade installation. You simply dig or bore
a hole in the ground (508 mm) (~O inches) in diameter and
610 mm (~4 inch) deep for the 3 liter (.8 gallonl sampler
or 559 mm (~~ inch) in diameter and 838 mm (33 inchl deep
for the ~l liter (5.5 gallon) sampler to accommodate the
aumph' The sump is placed in the hole aod the grate rests
on t e 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
concrete around them or they can be portable, as in stream
beds (Fig. l~) by using soil or gravel around the sump.
Field experiance has shown these installations take a
little over one hour.

AppliqtiQns

Atter transferring the sample, the sampler can be
disassembled for clean up by turning the hex head of the
centerport valve (Fig. 1) clockwise. Thia disengages the
centerport valve from the double ball valve head and
separates the sampler into three (3 I. 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 deioni:l:ed 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.

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 Once the sump housing and grate rim are in place, the
laced through the openings in ~he grate and attached to the sampler drops inside the sump (Fig. 10) and locks in place
eyebolts on the sampler. (The cable and eyebolts are by aligning two (~) keyhole slots in the flange of the
available as an option). As the grate is lowered into sampler with welded studs located on the hori:l:onal surface
place (Fig. 9) the sampler is located at the low point on of the sump collar. A slight turn of the sampler will
the grate, when in place,. The sample is collected as sheet engage the stud and lock the sampler in place. Replace the
flow moves across and through the grate,~in~t~o~t~h~e~t~o~p~o~f~t~h~e~ ~r~a~t~e~~1~a~t~e~~i~n~~~~'~~cura-wiLh-tWO-~2)Al~en-s~r.ewe

----------s~m~ler. Ot~: ne I ~ er .S ga 1 samp er cannot be and you are ready to collect your sample.
suspended due to the weight when full.

7 Dudley 8 Dudley
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FIGl:RE 10
3 LITER (.8 GJl.LLCN) SAMPLER WITH SUMP AND GRA'!'S

F!GURE 11
21 LITSR (5.5 ':;,\LL:JNI SAMPLER

W~,rl SUMP I IN TItE GROL,m) AND GRATE

~------~-----------:-:-----'

The "in-the-pipe" sa~pler 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 accommodate 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 13 inc!ll diameter stainless steel pipe. The
device. for ~nc!loring the sampler (in-the-pipel is an
expand~ng stainless steel band which is locked into place
by an inflat~le bladder or a mechanical turnbuckle. The
expanding band can remain in-the-pipe and the sampler
simply disengages by sliding out the open end of the pipe.

I A

FIGURE 13
3 LITER (.8 GALLON) "IN-THE-PIPE SAMPLER

What we have presented is a brief description of a
family of liquid samplers which offers a variety of
methodology for sampling. '!'he equipment is simple, durable,
100% mechanical and user friendly at an affordable cost.

9 Dudley 10 Dudley
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IDGH-ACCURACY CSO AND STORMWATER FLOW MONITORING

Terrance L. Burch l and Joanna M. PhllUp!\

Growing concern over Combined Sewer Overflow (CSO) disc~es has led to the
U.S. Environmental ProleCtion Agency's new CSO Overflow Control Policy for
incorporation into the National Pollutant Dischar'!:e Elimination Sy=m (NPDES)
permit process. The policy crea1t:S a new emphastS on coml'rehensl.ve CSO system
discharge monitoring and documentation programs. Acousnc .translt-woe f1ow.~ten
can be used to meet these monitoring and documenta1lon reqwrements by proVlding
high-lICCIII'&C)' and continuous flow data during dry- and ~et~weatherconditiottS in .
conduits that flow partially full and/or surcharged. Translt-nme f10wmeten proVIde
bi-directional flow measurement capability and can be configured for m~tiple.
acoustic paths. making them highly accurate over a wide range of cbangmg waler
level and flow conditions. as well as in locations where other flow measuremellt
JDdhods cannot be used reliably. This paper provides an introduction to the acoustie
transit-time technique and its applicability to a wide range of difficult measurement
sites and includes descriptions of existing CSO flow monitoring installations. :

IntroductloQ

The U.S. Environmental ProleCtion Agency (EPA) is adopting a new Combined
Sewer Overflow (CSO) Control Policy fot incorporation into the National Pollutant
Discharge Elimination System (NPDES) and Municipal Discbar~ permitting'
processes. This action is being taken in response to growlDg public concerns ~d
Clean Water Aa requirements for anaining minimum water quality standarW ~ the
receiving waters affected by CSO discharges. In many cases, the new CSO Policy
and permirting process will require municipalities to develop and implement CSO
system moOltoring programs for planning, compltancz. and repornng purposes'

The new regulatory focus on long-term CSO control programs increases the need for
accurate flowrate measurement and monitoring systems that may be deployed at
multiple locations within municipal nerwom. .flow monitoring data colleaed from
key locations over a range of CSO system 10adings frequently reveal SIgnificant

1 Accusonic Dirlsion. ORE IntemationaJ.lnc.

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 overa1l modeling approacb and specific system fearures to be analyzed. and for
calibration of the CSO flow network response to inflow events. However. achieving
high 3CCllr.lCy WIth flow measurements is critical to meaningful system modeling and
llIIlI!YSis since the propagation of uncertainties (erron) through flow nerworb can
rapidly grow to unmanageable proportions.

Ultrasonic transit-time f10wmeters can:be used to meet these CSO monitoring and
documentallon reqwrements by provldtng highly accurate and continuous f10wr.ue
measurement during dry- and wet-weather conditiortS. Transil-time f1oWIDeter5
include bi-diIectionai (reverse f1?W) measurement capability and can be configured
for muluple accusnc paths. maJcjng them highly accurate over a wide nmge of
changmg 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, accurale
flow information is valuable for.

Regulatory reporting and compliance documentation

Planning and eva!uaUon of CS0 control altematives

Alerting openuon to CSO system malfunctions

Optimizing operation of treatment facilities

Allocati.ng user costs and billings

Pacing chemical treatments for CSO discharges

Rcqujt'W!ents for <;SO and StnDmuttr F10wmcler Systems

Ao~ f?r CSO monitoring rypically := required to operate under both free­
f10wmg (I.e.• m partially-filled. ~onduits or open cnannels) and surcharged
(pressurized) condioons. Addloonal measurement requirements can arise at locations
subject to backflow, reverse flow. or tidally governed hydraulics. The need to
accurately determine f10wrates over such a wide range of conditions places stringent
requtrCments on the methods and technology that can be su=sfully utilized in CSO
applica1Jons. Methods thaI derive f10wrate from measuremeots of water level only
(using stage vs. f10Wrate relatiortShips) are simply not capable of meeting these
reqmrernents.

A more,suitable ,appro~h is developed from consideration of the hydrodynamic
connnwtr equauon, WIth a derived principle that applies to flow through any conduit
section; ,:e... f1owrau: tS equivalent to multiplication of a true average cwrent profile
velOClty nmes 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.

1 Burch and Phillip' 2 Burch and Phillip'
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Ultrasonic Transil.Time Flow MCil'Urcmcnl Principles

Since flow velocily profiles in surcharicd conduits arc signiflCUltly diffen:D1 thaD
under free-/low conditions. a •compound" approach \hat automatically seleas an
appropriate integration method for compuling representative velocity profiles and
resulWlI averages will provide bener flowralC accuracy. Conduil sections that an:
weU-removed irom upstream bends. obstrUctions. or other flow disturbances will
exhibit "fuUy developed" flow velocity profiles; as will be discussed bclow.lhc multi­
path transit-Iune method can provide accur.:uc flowl"3lC information evCll at lites
where flow profiles arc nOI well developed.

10 addition to the multiple flow velocities. water level within the conduit is measllRd.
With the Aa:usonic multi-path acoustic technique. as the WIICr level rises above
each acoustic path. additional velocity information becomes aV1lilable. The flowmeter
computer changes inlCgration method as approprillC to the number of subrnc:rgcd
paths. The highest accuracy u available when the conduit becomes surcharged. and •
fuU-pipe integration technique is applicable. Numerous independent field and
laboratory tests have shown that accuI1lcies of ~ 0.5 to 1% of aaual floWI"3IC can be
achieved in surcharged conduits with a 4-palh configuration. These accuracies can be
maintained evCll at sites with poor hydraulic conditions by adding a second plane of
transducers in a cross-path configuration. The crossed-plane approach compens.aICS
for aDy ~rrors duc to cross-flow through the measurement SCCIIOO caused by upstream
disturbances.

Under tiec-f1owing (non-surcharged) conditions. f10wrate accuracies of ~ 2.0 to 3.0'll>
of uue flow an: typic:aUy achieved with a 3-path system. Ibe inc:n:ascd uncertainties
an: generally associated with determining the flow cross-scaion area and estimating
aD average velocity for !he region above the highest operating acoustic path. lbe
nnc:cnainty can be minimized by adding acoustic paths (i.e.• average velocities) at
additional elevations and by averaging redundant level measurements.

For very Jow flows where Ibe water level is below the lowest acoustic path. the IDClet
can aUlomatic:aUy swi1cll to the Manning method (wbcrc applicable) to compute
flowtalq !ISing level data only. TypicaUy. however. an acoustic path is placed very
low in the conduit to ensure that velocity data becomes available early in a rain event

As!. addi'tiona! advantage of Ibe acoustic transit-time technique u IbaL the system is
"dry calibrated". based 00 lIlCASuremcnt of as-built path lengths and angles at \he time
of transducer installation. Because \he transduccn arc typic:aUy pcrm.anently
insIalIc4. oncc thC$C path Icogtbs and angles an: lmown and an: ente:n:d into !he
flowmelCr console as pararnctetS. there is no need to n:calibrau: lhc system over time.
TIle multiple-path method also obviates the nced for flow profile calibrations that arc
required for single-poinl or single-path flo~.

Anotbct feature of the multi-path transil-time technique is that it measures bi­
directional flow. which can be particularly important in tidaUy influenced CSOS. Foe
example. at New York: City's Fresh Creek CSO. negative velocities occur on the
10wC5t path during the periods of incoming tide wbile velocities on the higher paths
indicate an ourward flow. The meter determines lhc net flow through the CSO even
during these periods of bi-ditcctional flow profllcs. A single-point. single-path. or
acoustic Doppler-type velocity f10wmclCr cannot resolve aue net f1owrau:s under
tbc:sc conditions and can even indic:a1C the wrong direction of flowage! This is of
c:ritic:al concern for control of tide gales or olber CSO flow diversion mechanisms.

L

2 cos 9
•

T, T1

average fluid velocity at !he level of !he path.
acoustic transil time in !he upstrcanl direction.
acoustic transit time in lhc downstream direction,
acoustic path length berwccn transdu=. and
acoustic path angle relative to flow axis.

v

where:

The Accusonic multi-path transit·time f10WffiCters discussed in this paper have been
insWied worldwide for high-accuracy flow measuremenl in over 1000 large pipes.
open channels. and conduits thaI flow partiaUy fuJI 10 surcharged. TIle f1owmClCn.
whicb opente in clean or "diny" water environments. have been used in bydroclccaic
aDd water syslCm applications since the 19605. The f10wmClCrs bave beep insuUed in
numerous large CSOs and wastewater ueatrncnl planl infllltlnl and efflucnl cb.anDels
for high accuracy and reliable flow measurement. Because the flowmeten usc
relatively low. frequency. high-power ulU"aSonic pulses for flow measurement. !hey
an: 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 !he principle that an acoustic pulse
traveling at an angle across a pipe will be aceclerat.ed in !he'doWDStream direction by
the Water flowing through the pipe and will arrive at a receiving transducer in less
time thaD 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 angle to
the flow axis (Figure I) and measuring the difference in acoustic transillimcs in lhc
up= and dOWDSII"CaIII directions. an average flow velocity at the level of the
acoustic path is calculated according to !he foUowing formula.

10 !he multiple-parallel-path method. average velocity is measured nearly
sirnulWlcously at more than one elevation in the flow. Ihcsc siroulWlcous velocities
define a velocity profile throughout the flow cross·section for use in calculating an
inlCgra.ted /lowrate. This should be contrasted with the use of a single-point or
single'path velocity to esUmaIC the average velocity throUghoUI !he cross-section.
The use of multiple sirnulWlcous velociues also makes the mclhod responsive to
changing /low profiles associated with quickly changing CSO flow regimes. which
can go from completely dry to surcharged within minutes during a rain event

A general arrangement drawing showing a multiple-path floWIDCter confignntion
insWied in !he City of Philadclphia's Cottman AvClluc CSO is shown in Figure 2.

Transducer Selection Cor CSOlSloDDntcr ApplicatioN

Important considerations in choosing flowDlClCr transducers for CSO applications arc
cost conduil shape. prouusion into the /low. case of installation. and whether \he
transducers need 10 be certified for use in a hazardous location. A.1Iy transducer

3 Burch and Phillips 4 Burch and Phillips
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selected for CSO monitoring use should be constructed of dllI1lble, non-corrosible
components for trouble-free, long-tenD opeT:ltion.

A variety of ultrasonic lranSit-time transducer.; have been developed for use in a wide
range of measurement applications, including buried and exposed =1 pipes,
concrete pipes and trapezoidal channels, and open channels. Internal mount
transducer.; are often used in CSO and wastewater applications (Figure 3). Aa:usonic
has developed a dual-element, internal-mount transducer providing a completely
redundant back-up capability to the primary sensor. Low-cost, array-mount PVC
transducer.; and explosion-proof transducers are also available. Transducer.; 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
items of debris might be expected 10 damage anything mounted on the channel walls,
transducer.; 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 f1oWTDetei-an
acoustic "downloolting" transducer, which is mounted above the flow and measures
level by the time it takes to receive an acoustic signal bounced off the Wafer surface,
an acoustic uplooking transducer (mounted on the channel bottom and reflecting an
acoustic pulse off the water surface), or a submerged pressure sensor. BecaUle of the
possibility that debris could settle on an acoustic uplooking transducer and obscure
the signal. a downJoolting sensor is often recOlIl.lDeDded in eso applications; with an
uplooker or pressure sensor used for redundancy. 1be downlooking transduocr is
often recessed in a manhole for continued operation during surcharged condi~ons.

Rm:nt Flow Monitoring ImlallaUom

MjlSsachusetts Wata Resources Authority

Accusonic flowmeters are currently operating for the Massacbusetts Water Resources
Authority (MWRA) in the Somerville, Commercial Point, and Constitlltion neach
esOs. All three sites are instrumented with redundant internal mount transdncers.
The Somerville and Commercial Point sites are large rectaIlgWar box conduits (is x
i and IS' x IS', respectively) configured with three or four acoustic paths, arid both
are instrumented with an uploolting transdncer for water level measurement. 1bc
flowmeter at Constitution Beach eso is located in a 36-inch-di.ameter buried
concrete pipe. Two acoustic :laths and an uploolting level sensor are used here
because of space constraint> 1be flowmeters at all three MWRA sites are used to
pace cllernical metering pumps for treJUmCnt of eso discharges. .

New rode City DcpatlIDeD! of Enyironmental ProtectiOD

An Accusonic flowmeter was installed in one of four 9' x IS' recungu1M outfalls at
the New York City DEP's Fresh Creek eso Flow-balanced Storage project as part of
a flow study in the early 19905. The multi,path transit-time method was ideally
suited to [his 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 bouom of the outfalls while fresh runoff flows downstream at

higher elevations. In 1993 the remaining three outfalls were instrumented with 3-palh
Acc:usonic flowmeters using low-cost array-mount transducen and an uploolting level
sensor.

City of Philadelphia

A 3-path A=onic flowmeter was installed in the City of Philadelphia's Cottman
Avenue eso in mid-1993 as part of an extensive eso flowmeter intercomparison
study. LoW-<oSlllrnly-mOWlt transducers were installed in !his rectangular 9' x 6'9"
conduit. Four separate level sensors were included in the flowmeter configuration to
measure wucr level III various locations in the eso regulator. influent. and
inttrceptor lines. Flow data is logged on a diskerte in the flowmeter computer and is
downloaded to the City's computers via dial-up modem. Data t.'"Om several rain
events exhibit npidly changing flow conditions and demonstraLe the need for
simultaneous multiple-path measurement throughout the channel to provide accurate
flow data (Figures 4, S). Review of the velocity data simultaneously collected at the
different levels in the flow during these events has demonstraled the superior flownue
accuracy and resolution provided by the multi-path technique. Aowra1es 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 significantly
greater nneenainties for flowrates measured over the wide range of conduit flows
observed.

Summa" and Condusjom

Multiple-path acoustic flowmeten provide capabilities for acquiring high-accuracy
flow data 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 fearures and advantages offered by
multiple-parallel-path. transit-time flowmeter systems for eso monitoring
applications are summarized below.

Capability to continuously measure. record, and transmit flow data

Superior aa:uracy 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 reeal.ibration over time

Rugged., streamlined transducer design with minimal flow intrusion

Multi-level. bi-directional flow measurement capability

Remote system data access and control via telemodem

Field-proven. long-term operating performance

5 Burch and Phillips 6 Burch and Phillips
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mGH·ACCURACY CSO AND srORMWATER FLOW MONITORING

Accusonic

Acoustic Flowmeter

Compound Flow Measurement

CSO Monitoring

Flow

Flow Measurement

Flowmeter

Flow Modeling

Flow Monitoring

FloWTlllC

Flow velocity

Open Qlmnel Flowmeter

StonnW8lCr Monitoring

Transit-Tunc Flowmeter

Ultrasonic FloWIDCter
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Methods and Procedures in SlDnnwater DaJlI CoUection

Thomas Brown. WiUiam Bwt1,
and Ge~rge Qulng. P. E.1

This paper presents methods and prtlC%dures developed to ensure the quality
of stormwater monitoring data produced by the City of Austin's SlDnnwaa:r
Monitoring Program. Since 1975. the City has manilDra! stormwater. nmoff to
produce data used in many stUdies. to develop sttuc:mral-control design criteria. :md
to develop watr:r'Shed ordin:mces. These ordinances have minimized the. impact of
urban development on water quality and resulted in effluent limimtions. Given this
high visibility. the City has developed stonnwater monitoring techniques and
experimenC1l designs to improve the processes of flow lTlClISuremerjt. SIII'llple

coUection. dD.ta management. and daIlI analysiL '

Monitoring Promm Goals and Objectives

The goal of the City of Austin's (COA's) Stonnwaa:r Monitoring Progmn
(SWMP) is the collection and analysis of water quality dam to' guide the
development of WBtr:r'Shed ordinances. rt1llIllIge the City's waterways. and fulfill
federal requirements. SlDrmwater monitoring has been used to comply with U.S.
Environmental Protection Agency (EPA) National PolluClnt Discharge gIimination
System (NPDES) pennit application requirements. review and improve the City's
W&tr:r'Shed ordin:mces and evaluate the polluClnt removal efficiencies of struc:mral
and non-stnlctural Best M:magement Pr.Ictices (BMPs). TIle SWMP has monilDra!
runoff from a spectrum of land uses ranging from pristine. undeveloped watr:r'Sheds
in the Hill Country west of Austin to highly-developed urban watershtds in the
City'S core.

1Staff members of the Environmenml and Conservation Services Depnmnent. The
City of Austin. P.O. Box 1088. Austin. Texas. 78767. .

Brown et al.

Criteria
Palilieal A Tetbnicil

FIgqre 1. Stormwater MonitorinC Process

Stonnwater Monitoring as BProcess

Stormwater monitoring can be considered as an expanded quality assurance­
-quality control (QNQC) process (Figure I). 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 dala.
Therefore. careful planning at all stages of the stormwater monitoring process is the
key element of the production of quality dD.ta (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 softw~ to be installed, The SWMP uses remote­
controlled. automatic samplers that arc operated from a centrnl office (Figure 2).

Brown et aI.
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Figure 2. Remote-ControUed Stonnwaler Monitoring System

The number of slorm events to be monitored at each site is detennined mainly from
the amount of rainfall and the number of dry days before storms. When the
frequency distribution of storm sizes (FigW'C 3) is grouped according to storm-size
class. the total average annual rainfall depths contributed by each storm-size clus
are roughly equal (FigW'C 4). According to previous dal<I (COA. 1990). the eVCDL
mean concentrations (EMCs) for all types of watersheds vary by storm size and the
number of dry days between storms. In Austin. a range of 18 10 24 storm events
should be collC(;ted at each monitoring station (Soeur; et at. 1994). The range of
stonn events to be sampled has been detennined by experimental design factoring
three or four storm-size classes with two antecedent dry day classes (FigW'C S). In
order to conduct statistical comparisons. there must be ,II least three storm eVeDts
collected for each combination in the experimental design matrix.

e-1.9 >1.'''c.U »).... 01.6_&__0-_1

The SWMP analyzes IS standard non-point source water quality paraDieters
representing five c:uegories of pollutants. such as. suspended solids. oxygen­
consuming constiruents. nUlnents, metals. and bacterial constituents. These
parameters arc commonly used in olher studies to characterize point and non-pomt
source pollutants (EPA. 1983).

b) Rainfall Measurement

Rainfall data are used 10 relale rainfall amounts 10 the runoff volumes
recorded at a monllonng slle. All stormwater monlloring stations use tippl/lg-
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Figure 6. Small Watenhed PoUulOgrapb
with Hydrograpb

Figure 7. Large Watenhed PoUutograph
wltbHydrognph

Each water quality parameter requires a certain sample volume for analysis
(EPA. 1992). Automatic samplers provide a limited number of sample bottles. TIie
number of water quality samples collected for :Illy monitorable stonn event range
between lhree and sixteen samples. depending upon the complexity and siZe of Ibe
hydrognph. To accorrunodate the need for more sample covemge of both Ibe
hydrograph and sample volume for the analysis of 1S water quality parameters. two
automatic samplers can be used at eacb site.

Automatic sampling has cenain inherent advant.ages and dr1Iwbaclcs. An
automatic sampling system can be remotely controlled and programmed. reduce
human sampling error. :IIId reduce the 'danger to field personnel during storm
conditions. AUlomatic:1lly-taicen samples. however. may nOI be representative

bucket rain gauges. which automatically record both r.linf:ill amounts and r:Unfall
intensities, The SWMP ilio uses rainfall data collected by the COA's Flood E:u1y
Warning System (FEWS) automatic rain gauges to supplement and verify the
SWMP rninfall data. The high density of FEWS rain gauges (S2 Slations in Austin)
is especially imPOrlant during the summer months when highly-localized. tropical
thunderstorms are common. Variations in rainf:ill within large wau:rsheds are
common during storm events.

c) Sampling Methodology

The SWMP uses the three standard sampling methods. Grab samples. when
chemically analyzee!. indi= 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 :1Iiquots
collected at equal intervals of runoff volume throughout the hydrograph (GreenbeTy
et al.. 1992), When flow-weighted composite samples are chemically analyzed. the
data directJy yield an EMC for each water quality parameter. Disctele samples are
sets of samples laIc.en in some systematic manner throughout the hydrograph.
Disctete samples show changes in pollutant concentrations throughoul the
bydrognpb. but can be mathematically combined to yield an EMC for each water
quality parameter (COA. 1983).

During runoff events. diff=t wll1el'Shed rypes have varying pollUlograph
characteristics. For elWtiple. in small watersheds « 162 heclarCS. 400 :lCresI wilb
medium to high impervious cover. the concentrations of TSS. lotal phosphorus
(TP). total Kjeldahl nitrogen (TKN). and total organic carbon (TOC) are greatesl
during the f1l'St flush of Mloff. and then decrense over time (Figure 6)(Soeur. et al..
1994).

In contrast, in larBe watersheds (> 162 heclarCs. 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 peaIc. of the hydrograph (Figure 7)(Sacur. et
aI.. 1994), In Austin. this example corresponds to larger urban creelc.s dr.Iining
mixed land uses.

A refined method for disctete sampling collects samples more frequently
when pollulant concentr:Uions are changing most rapidly. In a small watershed.
sampling events should occur during the rising slage of the hydrogmph while
retaining sample coverage of the tail on the f:tlling stage of the hydrograph. In a
large watershed. sampling coverage should be concentrated around the peaIc of the
hydrograph while ~wning coverage on the tails of the hydrograph. During now­
weighted composite sampling. EMCs in a small watershed are best represented if
many aliquolS of small volume are collected during smaller intervals of runoff
volume.

6 Brown et aI. Brown et:1l.
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~ of holding-timc limilalions of some paramc:lcn and smlple conwniJwioo
by lhe eqwpmenL True duplic:lle samples CllIInOI be taken with sWld.lrd ;wtomatic
sampling equipment. If the s:unple water is being transported over a relatively Ions
distance I> 15 In. or 50 fl.) or Up a Sleep gradient (approximately> 4.5 In. or 15 ft.).
TSS may seltle in the line dunng tr.IIISiL AUlomatic sampling may be inapplOjllUlc
for lhe collection of volaWe organic compounds (VOCs)(which requin: zero held­
space sampling) ilIld fec;U coliform ilIld fecal streplococci (which have a sbon
holding lime and could be cross-conwninated by the Teflon sample Line)(EPA.
1992),

10 contrasl. manual sampling performed by trained staff does nOI require
expensive equipmenl. :I.Iways results in representative samples. allows duplicaLe
QAJcy:; sampling. Oldjusts sampling for changing conditions. :wi provides
information on flow conditions from flC1d observations. Manual smlpling is limited
by safery concerns. lhe abiliry of penonnel 10 respond in a timely manner. ;md tbe
nwnber of sites that can be handled in a siven storm event (EPA. 1992).

d) Sile Seleclion and Water:;hed Docymentalion

Moniloring site selection requires much planning 10 achieve characteristic
water quality dala for a given land use. Ideally. a waLcnhed should be selected that
does nOI have signifiCilllI poinl-soun:e discharge (e.g., 10xic wasIe dump. I&nd fill,
problematic industri:l.l source. ete.) and is largely covered by the wgeted land use or
=h objective. The selection of a moniloring site is also influenced by tile
nalure of the channel at the proposed monitoring IQCation. To mOSI aa:wately
charal:terizc flow rate and c:l.librate the rating curve withoul a flow control
StnlClure. a channel should be straight, have uniform cross-sectional shape. and have
a mild slope (e.g.• slope < 0.02) over a relatively long streIch. The site musl be safe
for field pel'.ionnel ilIld secure for moniloring equipmenL Ide;lIly. the monitoring
station should be a.ccc.ssible for maintenance and sample collection durinS storms
and high waler.

Once a prospective moniloring site has been identified. a watershed analysis
and documentation process defines hydrographs (or peak flow versus time) for
various types of slorm events. lbis watershed information is determined Largely by
field survey ilIld map sludy. In gener:l1, the channel should have enough capaciry so
tholl a lwo-ye:lr SlOnn evenl Cilll be monitored. The peak and average flow
conditions help delemune which flow control stnlcture :wi flow monitoring
procedure 10 use. Watershed documentation provides lhe quanutative infomwion
necessary 10 run computer simulations. such as Slormwater Managemenl Model
(SWMM) and HydrologiC Engineering Cenler models (HEel and HEa). thaL
crcau: synthetic hydrographs and c:I.Iculate flowrate5.

e) Aow MeasyremcQI

Determining flow rate throullb ali opeD channel is the mosl difficull aspecl of
slormwater monitoring. The accurate measuremenl of Slormwater discharses at a
moniloring station is vital in calcu1atinS the EMCs for various water quality
panmcters. The SWMP \ISC$ tour basil;; mctItods for d=rmiIling flow: (I)
appropriate flow control StnlClW'CS. sud! as weirs aDd fllllIlCli; (2) cross scc:tion
area-velociry measurements 10 geoera1C a flow-rating curve; (3) :lpplication of
ManilinS's equation; or (4) tbe fUIIoff alCffacient method for estimating runoff repA.
1992). During slorm events. Iidd observations and video supply additional
information on flow that millbl not be predicted by preliminary studies.

, The SWMP uses flow conllOl SU\ICtIlIa. suclI as weirs and flWIICS 10 pvc
accunte flow mcasuremeDL Aow ratinS curves are well<.stablished for both weirs
aDd flwnes (Bos. 1918: Grant, 1912). aDd tbe appropriate flow control Stnlcwre can
be selected according 10 its sensitiviry 10 a cenain range of flow. AWIICS allow
watU 10 pass freely. limiting sedimenl aDd trash (that can aa:wrw1ate behind weirs).
bul flumes also tend 10 be more expensive and difficult to construa tbao weirs.

, The SWMP \ISC$ the area-velociry measuremenl method in larger chaooc1s
and C:n:eks where no flow-control StnlClW'CS exisL The COA contraCts with United
Swes Geological Survey to generate flow ratinS curves in tbcse case.s (IDtemational
OrPoization of Slandards. 1983). The averase velociry of flow is measured by a
band-be1d velociry meter.

The Manning's equation can be applied 10 pipe and clWlOeJ flow. bul
acc:uBey depends on sleady flow. sttaiShl channels. even and gentle slope. uniform
roughness. and uniform charmel shape over a long length of channel (Granl, 1992).
Satisfaction of these conditions is rare in slorm sewers. ID a few cases when other
methods are nOI appropriate. tbe SWMP c:I.Iculates flow rate using a Iwo-poinl
measuremenl system based on the theory of sndually-varied flow (Fisure
8)(Dalrymple. 1984; Chow. 1959). This method is subjecl 10 some error due 10 the
unsteady flow conditions of stormwater runoff.

The runoff coefflCieul method develops hydrogI1lphs on information based
on the watershed documentation. lbis method. used when no olher option is
available. CilIl also be used as a check against other flow volume c:I.Iculations.

The SWMPs flow meters were lested in a hydr.w1ics labonuory Owne 10
investigate equipment performance under a variery of controlled flow conditions.

--Bubbler~SuDmeFgedprobe. and ullnlsonie-probe-f1ow-melers-were lested,,-.-----------1

1 Brown el aI. 8 Brown el aI.
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rain guard can be deployed to keep personnel. water qualiry samples. ;md

monitoring equipment dry when access is neeessary during storms.

Modular weir plates have been installed at several monitoring stations and
can be inexpensively modified if the ~rual n:.noff 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 elTOrs or from other
complex phenomenon in the watershed. For =ple. a calculated runoff coefficient
may not reneet local hydrologic variations caused by a karst termin. This condition
affects all monitoring sites located in the recharge zone of the Edwards Aquifer,
which underlies western Austin.
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Figure 8. Flow Measurement with Two Points

PrcIiminaIy test results revealed that all flow meters accurately recorded depth at
velocities lower than 1.5 mlsec (5 ftlsee). In the 1.5 to 2.1 mlsec (5 to 7 ftlsec)
velociry range. 5% errors in depth readings were seen. and in the 2.4 to 3.0 mlsec (8
to 10 ftlsee) range, errors in depth of up to 20% were seen. These systelIlJlic errors
are most likely produced by flow-induced pressure differentials around tij: exterior
of tbe submerged sensors. The submerged pressun: probes and bubbler.1ines must
be oriented parallel to now to minimize errors in depth readings at higher ~Iocities.

The bubbler sensor orifice must be pointed downstream for best acc;uracy.. ,

g) Site Implementation

Monitoring site implemenUtion is the culmination of an extensive planning
process, which includes a sampling methodology. rainfall and now measurement
techniques. site selection, and watershed documenmtion. The typical monitoring
installation consistS of a modular equipment shelter, solar panel. rajn gallIe. buried
conduits for various support systems, flow control structun:s, a syStem alarm.
batteries, and phone lines or ~ ceUular phone linJc (for isolated sites). All above­
ground structures are modular in design for easy installation and remo...a1. since
most monitoring smtions have an operationailife span of three to five yean;,

Over the past two years, the SWMP's modular equipment shelters have been
redesigned 10 improve ergonomics and securiry. The shelters h~ve large interiors so
that monitoring equipment is ~cessible for field operntions and site mainle/lance. A

At one location. accurnte flow measurement was not possible without
channel realignment bec:luse the storm sewer channel had a sleep slope (slope >
0.043), and was curved. A SWMP field team straightened the pipe's existing
a1ignmenl reduced a section of the pipe's slope (slope = 0.004l, and installed a
rectangular weir near the location of the original outfall (Figure 10).

Data Collection

a) Storm Preparation

Weather conditions' an: closely watched by SWMP personnel when r:tin
threatens. The local National Oceanic and Atmospheric Administration (NOAA)
weather radar (shown continuously on local cable TV) is used to track storm
development and movemcnl With advanced warning the SWMP field personnel
cycle the equipment at the monitoring stations through a set of pre-storm
preparations. Typical site maintenance includes checking bottle 1:Jbels. icing sample
bonJes. checlcing system voltages. checking communication lines. cl=ing r:tin
gauges. and down-loading data stored in flow melers. Monitoring stations are also
maint:lined on a weel::ly basis 10 accommodate surprise storms.

b) D~ta Collection and VerifiQtjon

Rain and flow data are recorded ~t one minute intervals by a data logger
inside the flow meter. During ~ remotely controlled operation. the d~m are
rransmirted from lhe flow meters to the office via lelephone. The monitoring
equipment can collect data independently. The down-loaded dal~ are checked for
elTOrs by a computerized scanning program that detects outliers in rainfall d~ta. and
manual scanning of grnphical flow and sample event data to verify dat~ integriry.
This verific~tion process also identifies maintenance problems and double<heclcs
sample-event dam before sample bottles an: se~t to the laboralory.

9 Brown et aI. 10 Brown et ~l.
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FlpR 9. Rcallpuncnl PIaD lor a MilDiloriDC Site

c) Waler Qyality Sample CpllecliQn

Automated dau IlWlajlCIDCl1t &Dd storage save time in proa:ssinll &Dd
reducing IuunaD error. WIter qualiry IDd flow data arc: stored on dUk in an
hic:rarcbical filc: suuctun: such that analogous data classes arc: slored It the same:
levels. Daa idc:nury bbc1s. such as monitorinll s.ite 10 codes. faciliwe: iWtolJllled
data processing. The goal of data lIWIagCIIICDt is to file dau in I system that is
appropriate: for the wlY the data is used during analyses. QuaJiwive and han! copy
data arc: fticd in a restricted central location. Copies for general use arc: Itc:pt in an
accusible location. so that if a copy is lost or misplaced the =bives arc: not
affc:Cled..

CpnClusions

Enc:mal Resources

: The SWMP utilizes an extemal. indc:pc:ndc:nt group of engineers. that serve:
IS a 'profcssiOllal review board to cover aU ISpectS of the SWMP. The COA is also
a member of a group of regional water qualiry agencies called the Joint Wasz:r
Qua(iry Monitoring Program which is establisbinl a regional Wllcf qualiry data base.

;

oaly deal with the cum:nt inIomwioo flow but also be capable of ;w:cornmodatinll
twice as much information by 1996.

During the COA's loog term Stonnwater MonilOring Prognun (SWMP). tbc
Ciry' has refmc:d and stantbrdizcd stonnwater qualiry monitoring methods and
tcehtiiqucs. These practices have improved the ICCW'IC)' of flow measuremenlS &Dd
led to the collection Qf.representative stonnwater qualiry samples. Thc complcxiry
of IIJlUral phenomena remains a large focus with the SWMP despite the fact that
e~g monilOring tcehaology and less expensive information systems have
imprpved the ease: of the stQnnWller monitoring process. The collection of
comprehensive hydrolQgic data ensures a more :lI'propriale sample distribution.
Design utilizing principles of hydr.wlics is critical. especially to benefit from the use
of automated flow measurement equipment and flow control suuctures. From
careful plann.ing and implemenlation Qf a monitoring projcct 10 the field calibration
of e<£h site. the SWMP endeavors tQ develop and utilize methods and tcehniques to
achieve dau with CQnsistenl accuracy and significant swistica! vaJidiry.

-

.. 0.--"'''­."
;):~'"

_......"- 11._SIopo. Cl.M3

The SWMP Chain of Custody documentatiQn process bas been extensively
modified to facililate sample documenllllon and cQlJUnunic;ujon berwcen the lieId
and laboralory. SWMP sllff meel regularly with laboratQry sllff 10 coort1iDllC
sample collection and anaJyucai QAlQC procedures.

When raiD lhrc::uens. the autQmatic samplers i1 each mQnitoring station alOC

programmed 10 aulOmatically sample SlOnn flQw. This fcarurc is useful should a
storm hit without warning (e.l. in the hours be:fQre dawn). Even then. the
morulOring staff e:ut still be: mobilized after a stonn has begun to collect a baWJccd
sample distribution across the hydrograph. A weU-ba1anced sample distributioo
throughout any hydrograph is as much an as science:, since there is no way to
accurately anticipate runoff volume once a Slonn begins. Thc best way to achieve
good sampling distribution at aU monitoring Slltions is to watch the: changina flow
and rainfaU conditions during a storm' eVeDt and adjust the sample pacing
accordingly.

d) Pilla Administrjujpn REFERENCES

The City's SWMP ;lC(;umulales large amounts of flow. rainfall. and water
quality chemistry dala from each monilonng station for each slonn event monitQred.
As additional mocutoring slltiQns become· QperatiQnal. the amount of dat:l compiled
will grow proponlOnally. Consequently. the dilll admimstnluon system mus~l:...=.nQ::.;I,-- _
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Use of Biological and Chemical Testing in

Storm Water NPDES Monitoring

William T. Waller, Miguel F. Acevedo, Eric L. Morgan", Kenneth L. Dickson,
James H. Kennedy, Larry P. Ammann-, H. Joel Allen, and Paul R. Keating,
Institute of Applied Sciences, Department of Biology, Univenity of North Texas.
Denton. TX, ·Tennessee Technological Univenity, Cookeville, TN, and
"lInivenity of Texas at Dallas. Richardson. Texas.

The 1972, amendmenu to the Federal Water Pollution Control Act.
referred to as the Clean Water Act (CWA), prohibited the discharge of any
pol'lutant to navigable walen 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 tra.ditionall~ been to
reduce pollutanu in discharges of industrial process wasteWater and dIscharges
from municipal sewage treatment planu. 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 qqaJity
impainnenL Nonetheless, within the frameworlc of the law, channelled ~rm
water was classified as a point source. The passage of the CWA led to a -long
and intense debate over storm water regulations. The Wau:r Quality Act of 1987
added section 402(p) to the Clean Water Act (CWA). Section 402(P) requ~ the
Environmental Protection Agency (EPA) to establish phased and tiered
requiremenu for storm wab:r discharges under the NPDES program (Fe(leral
Register, 1992). '

The application for NPDES permiu for storm water discharges corisisu
of two pam. Pan I 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 dischafges;
a plan for a representative sampling program to be implemented in Pan 2 at the
application; and a description of existing storm water controls. Pan 2 of the
storm water permit application includes a list of industrial dischargen to the
municipal separate storm sewer system; quantitative data from the repr=llltive
sampling program developed in Pan I; and a storm water management plan 10 be
implemented during the tenn of the permiL An assessment of the effectiveness
of the stonn water management plan and a fiscal analysis of necessary capital and
oper.ltions and maintenance expenditures are also included in Pan 2 (Oaldey and

F01'T'CSt. 1991).

As pan of the response to the Pan 2, NPDES storm water permit
application requiremenu, seven major cities in the DalIas-.Fort Worth (D~
metroplex participated in a comprehensIve storm water sampltng program. Thirty
sampling sites representing different land uses (re:ndential. commercial. industrial.
and highway) were sampled for seven storm evenu. Approximately 18$

parameters including nutrient!, metals, pesticides and organics were analyzed.

Resulu 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 datL. NURP was a five-year program during the period
1978-1983. NURP collected data for ten constituenu at 81 sites in 22 cities for
over 2300 stonn events at acceptable ·Ioading sites" where no devices modifying
runoff were upstream. Runoff was charocterized by land use and for all urban
sites combined. NURP values included BOD, COD, total Kjeldahl nitrogen.
nitrite+ nitrate, total phosphorus. TSS, total copper, totaJlead. and total zinc. In
addition to these ·standard pollutanu·, special priority pollutant and metals
studies were conducted at many of the sitis.

One use of the data collected from the recent Pllase 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 evenL 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 Cmtral Texas Council of Governmenu (NCTCOG) (Young, et al.,
1993) and had as iu objectives:

1) Satisfy the: U.S. Environmental Protr:etion Agency
requiremenu for Part 2 NPDES storm water permit
applications.

2) Determine the constituent loads from representative
waterSheds in the area.

3) Chancterize 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 constituenu and loadings because of the emphasis on the reduction
of loadings chancteristic of most Best Management Pr.Ictice (BMP) goals. and
concerns over the realism of traditional toxicity tesu when used to measure
episodic toxicity. Nonetheless. concerns exist about the toxicity of stonn water,
and toxicity tests are the only .acquate way of characterizing the toxicity. Pror
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correlations between conventional contamilWlt measures and toxicity indicate that
toxicity should be mcouured direct!y to USCSI the biological impacts of stonn
water nmolf instead of inferring loxicity from chemical mcouurements. With
chemical spCcific mcouuremenu you only find what you are looking for; what you
do find ~ not always biologically available; the toxicity of all the chemicals lhal
can be mcuured is noc always known; and our undemanding of the intenction
of toxicanu (synergism, antagonism, and/or addition) is poor ill besL The need
for the use of toxicity tesu to detennine toxicity has been stated best by ~rns

and Mount (1990);

·No instrument has yet been devised lhal can
mcouure toxicity! Chemical concentrations can be
measured with an instrument but only living
material can be used to mcouure toxicity.•

As a supplement to their participation in the Phase 2 ItOnn 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 screenin.g tools in stonn water
programs. The City of Fort Worth contracted with the Aquatic Toxicology
Laboratory of the Univcnity of North Texas (UNT) to perfonn acute toxicity
tests on selected stonn water samples collected in the Phase 2 stonn water
program. Acute toxicity lesU using Cuiodaphnia; dubia and P/lMphales
P~UJs were perfonned on these samples according.to EPA methods (EPA,
1991a). City of Fort Worth persoMeI perfonned Micriltox™, test methods on
some of the same samples. In addition. UNT tested selected samples for chronic
toxicity and some acutely toxic samples were characterizc:d using PIwc I,
Toxicity ldentifica.tion Evaluation methodololPes (EPA, 1991b).

Acute toxicity tests were perfonned on thiny-qne Itonn water samples
collected from eighteen ItOnn events. Sixteen stations representing industrial,
commercial. residential. and mixed landuscs were included in tho analysis. Of
the thirty-qne acute toxicity tesu perfonned on stonn water samples from the
PIwc 2 study there was no significant .mortality 10 P. promo/as in any of the
tests. In 12 of the thirty-qne tests the no observable effects level (NOEL) for C.
dubia was 50~ or less. There were 2J tests for which both C. dubia and
Microto~TM tests wereJr!onned. In eight of these tests C. dubia showed
toxicity when Microtox' did noc. while there were three tests for which a IS
minute ECSO could be calculated for MicrotoxTM for which there was no
measunble C. dubia response. There WCR: II tests for which neither C.
dubia. MicrotoxTM, or P. promo/as showed a significant response. In one
test bollt C. dub/a and MicrolQ~TM showed a significant response. These

3

results suggest that C. dub/a was the most sensitive indicalOr of toxicity tested,
although strictly speaking comparing MiCS'OtOxTM ECSO's with C. dubia
NOELs: is noc a good comparison. A berter comparison would have been a
comparison between percent light loss for MicrotoxTM and NOELs for C.
dub/a. Noc unexpectedly, the finding that C. dubia is more sensitive to a
broad range of toxicanu is consistent willt our findings for effluent tesu and
ambient toxicity tesu.

~The data from the Phase 2 study tha1 will be focused on in this analysis
involves two different but important toxicanu. diazinon and~. The chemical
spccifi!= data from all the samples collected during the PIwc 2 study are not as
~ a~le. The results for tho chemical specific summaries reported in this
paper ire based on data from 19 stations represented by eight residential sites,
seven ,ndusuial sites and four commen:ial sites. Tho data are not as yet
considered tina! and are subject to revision. Zinc and diuinon are concentralCd
on bc:cifuse they were common to most of tho samples collected in the PIwc 2
study regardless of land usc and they were identified through PIwc I, Toxicity
Identification Evaluation (TIE) procedures as being tho likely causative aaents
respon~ble for acute toxicity to C. dubia, in some of the samples. Fifty-seven
percenr of lite parameten ana.Iyzcd for, and reported in the Stonn WiUer
Disc:lWge Clwactcrization Final Summary R.eport-Task 2.0 (1993) were noc
found ill the analytical dClCCtion limits employed in lite Phase 2 study.

~Toxicity Reduction Evaluations (TRE), of which PIwc I, Toxicity
Identification Evaluation methods are an integral pan, are an important pan of the
WaI1:r :Quality Based approach to toxies control (EPA, (984). Facilities which
fail tho toxicity portion of their NPDES pcrmiu are required to detennine the
c:auses:of toxicity and develop methods to removo lite toxicity. Phase 1 of the
TIE procedures involves the physical and chemical manipulation of ~ toxic
sample. The toxic sample is fr.u:tionated into seven fr.u:tions; pH adjustment,
filtration, aeration, CII solid phase cxuaetion. oxidation reduction. £OTA
chelation and &nduated pH. The filtration, aeration, and CII solid phase
eztRction steps are all perfonned on the sample ill iu iniliai pH and after the pH
has been raised to pH II and reduced to pH 3. After lite sample is fractionated.
cacIl fr.u:tion is returned to the iniliai pH, if necessary and tested for toxicity.'
Those fr.u:tions which remove and/or reduce toxicity are further tested to
deu:nnine causative toxicants. The process of fr.u:tionation and toxicity testing
focuses tho search for the toxic componenu by reducing the number and types of
chcsnicals one has to deal with by only. concaunting on those fractions which
reduce or remove toxicity. Phase U and ill of lito TIE procedures involve
verifying the causes of toxicity.
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was total chlortlane 'which was found at seven sites, five residential and two
commercial.
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Table I shows there is a widespread occurrence of diazinon in storm water
samples regardless of the landuse from which the samples were collect.cd. The
percentlge of events and concentrations of diazinon were highest from residential
sites and the median concentration in these samples was greater than the 48-hour
LCO for C. dub/a.

Diazinon is an important to~icant 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 to~icity and frequently the indicat.cd
toxicant is diazinon. Diazinon is a very popular broad spectrUm pesticide and is
U3ed e~tensively in residential settings. It is also e~tremely to~ic to aquatic
organisms. The 48-hour LaO of diazinon to C. dubla is 0.350 ugiL (Norberg­
King, ~( ai., (989). Arthur, et aI. (1983) mcommended that diazinon in
aquatic environments not ~ceed 0.080 ugiL The 48-hour LC50 for the midge
OIirorwmus {~nrans has been report.cd as 0.100 ugiL and development of the
I2Jvae of this midge have been inhibit.cd by continuous ~posure (80 dayS) to
concentrations as low as 0.0006 ugiL (Morgan, 1976). Diazinon is sold in a
variety formulations by numerous companies. One liquid formulation of diazinon
sold in quan conl3iners conl3ins 25" diazinon by weight. It would talce 247
football field size containers, ~clusive of the enl1zones, three feet deep to dilute
the amount of diazinon in a quan conl3iner of 25 diazinon to the 0.080 ugiL
concentration mcommended by Arthur, et al. (1983).

Landuse Percentlge of Percentlge of Median
Sites with Events with Concentration of
Diazinon Diazinon Diazinon ugiL

Residential 100 97 0.55

Commercial 100 85 0.20

Industrial 83 39 0.00

Figure 1. Diazinon concentrations from residentiallanduse and their relationship
to the acute toxicity of diazinon to ~riodaphnia dub/a. Symbols associat.cd
with l2infall events represent different sites.

Table I. 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 mettoplex.

Figure 1 shows the distribution of diazinon concentrations from the 31
samples from residential sites for which diazinon concentrations were available.
While the concentrations found in different l2infall events were highly varl3ble,
twenty of the values reported were in excess of the 0.350 ugiL taO values for
C. dub/a. The second most frequently measured pesticide

A recent California Regional Water Quality Control Board memorandum
(March 17, (994) reported diazinon concentrations found in storm water samples .
collected in Stockton, California from residential and mixed landuse. Two
rainfall events were monitored at thi.rteen sites. The diazinon concentrations
measured in these samples ranged from 0.160 to 1.050 ugiL. Eleven of the 13
sites had diazinon concentrations greater than the acute LaO value for C. dub/a
(0.350 uglL) and 100" C. dub/a mortality was observed at most of the sites
which were sampled. Clearly, as far as pesticides are concerned, diazinon
i3 a widespread toxicant in storm water runoff and is especially prevalent in
samples from residential Ianduscs. Two of the toxicity identification evaJuations
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Zinc Concentrations in Storm. Water

which were performed on a.tUtely lOxic samples from residential sites showed that
non-polar organic chemicals were the likely causes of the lOxitity and while it
was nvt eslablished without doubt that diazinon was the causative lOxitallt, all the
available information points in that direction.

Zinc is ubiquitous in its distribution, but was not included in the analysis
for that reason. iWhcr, zinc was included because of the manner in which the
collected data were treated in the Phase 2 study and because zinc is a signifitallt
lOxitallt in aquatic systems. One of the uses of the dala collected in the Phase 2
sOldy is lO calculate EMC concentrations and lO compare these with those
observed in the NURP studies as well as other local studies. Therefore, it is
important thal all dala which are collected and represent rea! values be included
in the calculation of the EMC concentrations.

wu marked as an outlier which wu defined as a data value which is obviously
out of the expected r.ange of the parameter being evaluated. In addition, in the
analysis .of data collected in the sOldy the following rule was applied lO evalUalC
outliers. If the value of a parameter falls more than three SlalIdard deviations
away frOm the avenge for that parameter, the value is scrutinized more clO3dy
and repW:ed with a blanlc if no other me&IURld values are close. The 1,400 u&,L
value was not included in the ca1cuJalion of EMC concentratiOllSl presented in tho
repon.

l'.5C!O-r-------------------,

+
•

•

1 Vatue 1400 ug/L

•

•

Acute We. Quality CrJtel10n
112 ugIL for AlkIlIInlty at 28 mgIL
38" ofvalu. >112 ug/L

+

• +
III

.+~ • +. t '*'
", .

• • lit •••• 4t. .: .. • • • ••t • • • + .+lll+• +

,;

Landuse Percentage of Sites Percentage of Median
with Zinc Events with Zinc Concentration

uglL

Residential 100 100 . 65
Commercial 100 100 130

Indusuial 100 100 110

Table 2. The distribution and median concentration of zinc amongst the
Ianduses studied.

The pertenlage of sites, events and the median concentration of zinc
collected during the sOldy showed, as one would expect, zinc was found at all
stations and every event (fable 2).

The landuse with the highest median zinc concentration was commercial
(130 uglL) followed by industrial (110 uglL) and residential (65 uglL). Thirty­
six percent of the samples collected in the sOldy contlined zinc concentrations
~ter than the a.tUte water quality criterion of 112 uglL calculated based on an
avenge waler hardness of:S mglL as OLC~ (Figure 2). The concentrations
reponed for the same rainfall event were, as was trIIC for diazinon values, highly
variable.

Figure 2. Zinc concentrations from SlOrm WaleI' runoff and their relationship lO
the lOxitity of zinc lO QriodJJphnia dubla. Symbols associated with
diffCR:l1t ~nfall events repn:sent diffCR:l1t sites.

In the SlOrm Water Discharge Clw2cteriz.ation Final Summary Rcpon­
Task 2.0 (1993) from the Pha.se 2 study, the zinc concentration collected from
one of !he indusuial sites was reponed as 1,400 u&,L. In the repon, this value

Subsequent lO the sample for which the 1,400 u&,L zinc value was
reported as an outlier another sample wu collected from the same industrial site
but in this ca.se, a.tUte lOxitity tests were performed on me sample. The sample
was delermined to be acutely toxic lO C dubla with an NOEL of <SO". This
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was the single sample mentioned previously for which both a significant C.
dubia response and a significant IS minute ECSO for MicrotoxTM was
calculated. A Phase I, TIE was perfonned on the sample. The EDTA chelation
fractionation step was the only fraction which removed toxicity. Funher
independent analysis of the sample showed that the concenlration of both zinc and
coppet' were present at acutely toxic levels and lead was present at chronically
toxic levels. The zinc concenlration' was 1,720 ug/L while the copper
concenlration was S4 uglL. An examination by City of Fort Wonh personnel
revealed the presence of a galvanizing company in the area drained by the stonn
dr.lin. Working with the galvanizer the City should be able to remove the
toxicity associaled with the facility. Organisms respond to extremes; not
averages.

These examples show the usefulness of the toxicity and TIE methods in
sorting through toxicity. However, the toxicity methods which were empioyed
in this srudy are not without weaknesses when applied to the analysis of episodic
toxicity events. Foremost amongst these weaknesses are concerns about" how
weU, if at all, these methods mimic exposure of aquatic organisms during
episodic events. CoUins et aI. (1992) Slate that exposure is a function of several
f.Ictors including discharge volume. duration. frequency and mixing; receiving
stream flow; and pollutant concenlration. In 1982, EPA recognized that Water
quality criteria based on continuous exposure of organisms to coristant
concenlrations of toxicants were probably overvroteetive 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 stonn Water
runoff events. The Virginia Pollutant Discharge Elimination System penniis for
storm water discharges contains a toxic management program which integTates
acute toxicity testing, chemical specific monitoring and a toxicity redoction
evaluation component. Virginia's toxic management plan uses EPA recommended
acute toxicity test methods for C. dubio. Daphnia pula, and P. p~/as
but recognize3 that exposure is a problem with this methodology (Collins. el aI.•
1992). If traditional toxicity methods do not mimic episodic toxicity ex~sure

what methods might be used to evaluate episodic toxicity7

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 successiully used with clams and mussels as a means to determine the
swus of this organism. Utilizing appropriate statistical techniques and
accompanying electronics, changes in bioelectric action responses and gape can

9

be detected, pnxessed. and continuously recorded, and have been used in
detecting water quality induced stress in aquatic organisms.

The conCC?t of using bioelectric action potentials to monitor the well being
of aquatic organisms is not new. ln the' early 1970's Cairns eI aI. (1970, 1972,
and 1975) proposed a biological monitoring system for watershed drainage that
would provide an early warning of water pollution. ln addition to stream
surveys, Cairns and his co-workers ddcribed a unique system for automarical Iy
recording fish breathing and swimming activities in response 10 developing
toxicity in effluents and ambient receiving waters. Since the early 1970' s
numerous altempts have been made to use remotely sensed bioelectric action
potentials to deteet adverse conditions (Morgan et aI.. 1981, 1986. 1987a,
1987b, 19881. 1988b. 1989). Morgan er 'al. (1986) have used signals generaled
by individually monitored trout to asses environmenlal conditions. The signals
from the trout were accumulaled for a IS-minute interval each half-hour. The
data were held in memory of a data collection platfonn and lTallsmitled to the
National Oceanographic and Atmospheric Administration, Geostationary
Operational Salellile System on six <JCC3.5ions 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 evalualed the effect of low
level chlorine concmlr.llions on the valve movement of the Asiatic clam
(CorblcuJaflumi~a).

Europeans have also been involved in the use of remotely sensed
bioelectric action potentials as a means of detecting adverse environmenlal
conditions for aquatic organisms (Caspers, 1988; Marthias and Puzicha, 1990;
Siooff, et aI., 1983). Specific biomonitors evalualed include the rheotaxis of
fish (Juhnke and Besch. 1971) the respiration of rainbow trout (Slooff, 1979) and
the electric field alteration of the tropical fish GfUJlho~mus petersi among
others (Geller, 1984). A more recent European srudy used the mussel
Dreissena polymorpha as ~ biological monitor (Borcherding, 1992).

Managing aquatic ecosystems at the watershed/drainage basin level has
long been an objecnve of environmental managers. Watershed managemenl by
its very nature dictalCS that loadings to an aquatic ecosystem and their sources be
understood. The stonn water srudies which have been and are being undertaken
as part of the Nl'DES pennilting process are ma1cing significant contributions to
our understanding of loading. It is equally important that the impacl of these
loadings on the system be understood. The rapid evolution of computers,
communications links. geographical infonnation systems, remote sensing, and the
infonnation highway have. or will contribute toward advancing the tools

10
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necessary to achieve this objective.

The biomonitoring system wo arc developing and leting is concentrating
initially on clam gape to continuously monitor, in ncar real time, the status of
cWns (CorlJicuJa flwniflta) at remocc siICS. Physically, the non·invasive
system llSCS industrial proximity senson aimed at foil targets located on the cWns
to l'CCQrd the gape of the animals. The prototypC systems we havo built and ani

ICSting monitor the gape of len clams simultaneously.

Conceptual1y the system we arc developing and leting includes the
following components and approaches and is part of an overall stnlCgy to lttaIta&e
walenhcds:

1. The biomonitoring system which consists of tho continllOlU
monitoring of clam ppc at each sicc within tho drainage basin
being monitored.

does not mean they have not functioned wcU for the purposes they wero intended,
only ~ it would be ad~tagcous to simplify the signals for this application.
The signals we arc monitoring from the cWns arc grca1ly simplified. However,
we must still establish the frequency of faI.sc positives and faI.sc negatives before
the syacm call be considcra1 usduI. We arc in the process of doing this now.

Tho monitoring system must be sensitive to the pre:sencc of toxicants but
noc so sensitive as to fahcly indicate dama&e to the system one is trying to
prolCCt. We have been using C. flumineJI as an in sim biomonitor for some
time. .In this application caaed young c..fluminea for which initial length and
wt:ight measurements had been taken were used. After an incubation time of
approiinwely a month the caaes were reuieved and length and weight
determina.tions were made. Figure 3 shows the relationship bcrwecn the growth

2.

3.

4.

A means to lcIemeter the data collected on the swus of the cWns
~k to a central receiving station.

An alarm syslClll which is aeti~ted by the behavior of the cWns.
When the behavior of the cWns isd~ by a resident
computer program to be out of r.IIlge of normal a series of
samplcn will be notified to begin taking samples and an event
signal will be sent to the receiving station notifying the opcra1Or of
an event.

The samples arc retrieved from the samplcn and toxicity is
verified using C. dubia as the te.U organism. If the samples arc
verified as 10xic a Phase: I, TIE procedure is initiated using C.
dubia as the lest organism. The data from the complecc TIE
process should be sufficient to identify the causative toxicants.
Based on information from the TIE the likely sources of toxicity
can be identified and management actions can be undcrlakcn.

; CGmparison of CeriodIJphnia cWbitJ &: CorlJicuJ4 f1u,miMtI
. Dechlorination

.,----...,..------,.....------,

t:
j:
j

--
~ poriod llJ'JO 10 9In
Co ...... ...17-.u, ..... ...,Mr; Co~ ..-4, ill ..18",~

Clearly for this monitoring systcm, or one with similar components, to be
effective several important opera1JonaJ conditions must be established. The most
important condition is the reliability of the· monitor. One consistent problem we
have encountered with the monllon 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. eIC.) have been so great as to be nearly overwhelming. This

11 .

Ficuro 3. Relationship bcrwecn C. dubia productivity and C.
jlumiflta growth.

of C. jlllntifltQ and the productivity of C. dubia collected from the Trinity

12
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River in the DFW metroplex above and below a municipal WWTP.

C. dub/a productivity is based on grab samples collected from the Trinity River
at the same sites the C. flwniMa were incubated. In this example the
exposure of the organisms were different, but the responses were similar. The
!U5pected toxicant calUing dt:pressed C. dubia productivity and the reduced C.
flumin~a growth was diazinon. These data support the U3e of C. flumiMa
as a reasonably sensitive organism. Additional data collected during this and
related sludies suggest that the Trinity River was impacted beyond that observed
for: C. dubia and C. flumiMa. The responses of C. dubia have been
shown to be predictive of in-stream impact (Dickson. et aI., 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 witb 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 an: 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 (3S" of the
samples tested for toxicity by UNT for the City of Fort Worth in this study
showed no toxicity 10 any of the test orpnisms lUed). Since the organisms an:
continuously exposed in situ the exposure regimes should be more realistic
than those based on tr.1.ditional toxicity methods. The exCt:ption to this will be the
exposure for those organisms that might be entrained and move with the stonn
water as it !ravels down the receiving system. Coupling the biomonitors with TIE
methodologies should pennit the identification of causative toxiC3 and provide the
basis for reductions in those toxies. These methods plus the advances in re1nole
sensing, GIS. computer technology, the inionnation highway, file tniftsfer
protocol (FTP) sites and the internet should provide the technical basi~ for
managing watersheds.
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ExporieDa:s r..- the "a.a- Rlnr
W.. WOlIlIMr IalUaUv.

WriJbt. R. M.'. M. ASCE: Roy Ouudbwy, R.'. A.M.• ASCE IIId Mabm. S.'

A provam. iDitiad by the U.S. EPA. 10 IlUdy the BIIICbIOae River lJlJlIer dry IIId """
-'>or 00Dditi0llJ _ IXIDdlIo:ud 10 piDpoiDt IIId BIlk major ""'""" decndiDc _ quality. The
riw:r was IIIllIlitored. Il Ioc:aioaI alOIlC 48 miles. ill aldItloo 10. six lribulancs _ me poiDI
1OUr'CleS. Three IlOnDI ....... IIIllIlitored for 23 CDIIStim<:nu with • Ie.- IaI ampla • ~ of the
uDona. MelbodJ of iDIa'pr<tinc the _ qua1iry daa lOll bo~C the .......,.. ilISo dry __

-'>or toUtta an: prtIaIUId.. The """ weoUlor ClOIIIpOIIaII ia lllIdied 10 eotabliah IOIdIDp fram
poinl toUtta....... IIIIIaiaIJ (nmolf rdaled) lOll olel DIIlaWJ (boClom Iedimeol "'"'''P'''''ioa). A
prtlClIlll= to atimae -..al loecliDC .... is 1Jft'ICDIed.

lDOdded. 011 the ocbc: bIOd. """ _ IOUna an: IIJlm clIlfiaJ1l 10 c:!Janl:U:riz£ lOll pn:dlcl.

W~ toUtta lDcIllde 1lOnIl...., ruDOlf. boaom IedimoIIl cmniDmalIlOll comIriDecl -.

I Profeuor. Dept. of ClviIIOll &YU'OlIIIIeIIIaI EllP-nnC. Unite1ity of Rhode 1sImcl, K.inploa.
RJ 02181 .
2 Posl 00CIDraI AIIocioIc. Oepc. of Ovllllld~&~,UnMnity of Rhode
1s1aDd. JC.iDpoa. RJ O2.U1
J Gn<hwc AaisuDt. Oepc. or Civil lOll &YiroomcDtaI Ellci-riDc, UDivamry of Rhode bI.md.
IC.itJpoa. RJ 0Ull1

-1-

The NatnplIOlI Ilay (Boy) ia ODe of the _ ~ IlOlIUal rt:IClW'aS ill Rhode bIIOd

CFieure I). IU ... eauary. the Illy ia the IJlOWlIiDc~ for IIIOIIy IIqUIlic: Ip<ICia lOll I major

fllb<:ries and n>creIIioIlaI WIler lXIIItIl:, lOll y... II is CXJDliDually lJlJlIer pressun: lD aaimilaIe

aipifiaalllclditioas of pollutlllll. Ia 1989-90, I IlUdy was c:omplded -tlicb IdeuIlIied lOll nabcl

the ooun:a 10 the a.,. (Wricbl .. aI. 1991). The IlUdy CDlIcluded dill the BLocbtolle River

_enbed was the IDljor IOW'CIO of both OIIlrieDIS lOll !nee mea.IJ.

Ia 1991. the U.S. &vircametIlal Prouaioa A,....:y (EPA)~ lOll SlIDIlDlrized all-.r

quality c\ala pc:naiDiDc 11> the BIacbIODe River. AI. I l"'Ommmd...... of dtiJ IqlOn. I provlIII _

idesIIlfy lOll cbaracr.eriJIe the major _ qualify problCma ill the wcnbed lOll 10 c:alj~ lOll

n11dalc neacly -. _ qua1iry modda for applic:atioa ill cIew:IopiDc _ IC*I aIIocaiom.

FollowiDC thIa """,",""",wrioa EPA, aIoDc with the M.............~ of

EJrviJoameatal Proceaioa (MADEP) _ the Rhode 1sImcl~ of EmiraomaIlaJ~

(RlDI!M), clneloped Ibe BIIICbIOae RIver IJlitiad... (BRI).

~ I of the BRI was aJDc!IJcltd joilllly by the EPA. MADEP lOll RJDEM lOll lDcIuded I

COliijlicbeuiive dry weodJer _ quality llIIIplillC propam 011 the riwr, lribalarioa lOll diac:barJa.

The ralIlli of the lhree IlJrWY' ... llIlIlIIIlriJIl ill H.""., .. aI. (1992).

The _ qualiry c\ala ......~ by the Civil _ &vin>ammlaI &,u-rm, [)qJonmtat •

the Uoiveniry of R.bode WIIId (URI) (Wrichl .. aI. 1993: 1994) 10 c:a1Ibrale lIIcl vallclale both

QUAUE (Browa lOll BamweIJ 19M), I clIuolved oll}'Ceo mocleI. lIIcl PaWlOlic (WricJlt IIId

Mc:Cmby 19M), I trICe mea.IJ 1IIlIdd. 'Tbeae IIIlIdda an: beiDl~ by both MADEP IIId RJDEM

~ 2 was ljoiDl provlIII by the EPA, MADEP. RJDEM, URI lOll the U.S. GeollJlical

Sarvey (USGS). The IUIDIDlr)' of the fodel procr1lID II IqIOI1IllI ill thiI poper. The procr1lID iDdadod

-2-
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1oIIowiq:

Ccmnl Pilla ill IU. Wooaaocka is ..me.d by • IKIDIll1ary _ piaDI, wilb • c1CIIipallow 01
--------

wbilc!be UBWPAD cliIcl>araca bonwaI BWWOIIlldB~.

I. To daamioc !be IpItiaI ....s IaIIpOnI =-aca 10 _ quality cIuo 10 _ walllcr;

~. To icIallity IlId r.u ril'Ir r-=ba rclIliw 10 Iooda IIld i4mlity IIIIior _

--poII--.-;

3. To daamioc Ibc rclIliw iIaponaa IIld dry wa&bcr~; IIId

4. To "'-z .....w '-liDI Ma.

""-~ 01Il1o BJU. Ili_ IIIiIe paiaD an: liMd from Ibc~ 01Il1o n- -u.a widI mlIe pc.­

O. 0aIy __ RMiaa IIIDdific:llMma ClCItIII'nId __ Il1o dry IIId _ ancya.

a-. .... IIIroII&b PIwaIl:Ut, IU au !be Proridoal:e Ili_ -S fiDaIly, Upper NompDIaI 1Iq.

1be wMa1IIaI _ CO¥aW 1230 kDr' (410 mi')lIld ill IaIatb it~ 76.1 km (... mi). nc

IIIIior lribaurioa 10 !be rivu WI Ibc Quin·i.......... MIIIIIIord. W., IInDcb. MW -S 1'1='.

an.a.

1IIIior.poU.- ....... 10 Il1o rivu IT_ 1973). nc c:iIy'. __ is 11-.1 • Ibo Upper

B1aaIooc W_ PolIlIIiao A-.e- DiaIrica'. (UBWPAD) pi.- wtaidlla.

aKIlIIldary fx:iIiIy wilb --. a-. or 1.6 "rl. (36.6 MGD) pnMd.iAc IaIOlI&I adYMald _

- i111bo form or Diulficaioo.. W_ aIJo baa • COIIlbiDod --eo ovatlow (00) faciliry

whidI providca oonIiDIIIld cliaillCootiocL 1be 00 faciJity cIiacllatp __ BWWOO IIld BWWOI

N

t

.- •. ~'f

5 10,
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f19ure 1. Blac:l<atone River Waterallecl
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T.ble 1. BI.ckston, Rlv.r Inhl,llve S.mpllng locations

:>1.1 on Ie Locallon I'll nlO' Are, HlVer Mile
Orv Welther Wet Weltherl I SQ. km I SQ. miles I km I miles

BI.ckslone River
BINVVOO WO<ellster, MA

BLKOI ewwol Worcester, MA 1;4.3 75.8 73.1 45.7
BlK02 BW'N02 Millbury, PM 2102 82.1 70.2 4B
BlK03 Millbury, MA 233.0 81 M.1 41.3
BLK04 IlWW04 SUllon, MA, 252.11 1111.11 113.7 311.11
BLKOlI BWWOlI Grafton, PM 382.7 1411.5 58.1 38.3
BLK07 BWW07 Northbridoe, MA 31111.1 155.S 51.0 3l.11
BLK08 ewwoll Uxbridoe, MA 413.7 IllI.ll 44.5 27.11
eLKII ewwII Uxbridoe, MA 1l1l0.7 211U 37.1 23.2
BLKI2 Millville, MA 7DII.1 277 3D.ll 111.1
eLKI3 BWWl3 BI.ckstone, MA lIll3.3 3711.3 211.11 IlIll
BlK17 BWW17 Woonsocket, RI l1D3.1 430.8 20.5 12.8
BLK111 BWW18 CumbeJ1and, RI 1134.3 443.1 15.11 11.11
BLK111 CumbeJ1.nd. RI 1143.11 448.7 13.0 11.1
BLK20 BWW2D Lonsdale, RI II11I1.2 458.7 5.11 3.7
BlK21 BWW21 P.wlucket RI 12211.11 480 0.0 0

TJ1but.J1es
BLK05 BWWOS aulnslQ.mond River, Or'fton, MA 117.11 342 58.7 38.7
BLKOIl BWWOIl Mumrord River, Uxbridge, PM 175.4 118.S 408 2S 5
BLK1D BWWIO West River, Uxbridge, MA 115.7 374 38.7 242
BLKI4 BWWl4 Branch River, Slatersville, RI 2311.3 113.1 27.11 174
BLK15 BWWl5 Mill River, Woonsockel, RI 51111 23 21.3 13.3
BLK111 BWW111 Pete,'s River Woonsocket RI 211.7 II.11 21.0 13.1

Point Sources
WORCSO CSO Facility, Worcester, MA 75.5 472

UBWPAO UBWWTF UBWPAO Facility, Worcester, MA 14 II 411 e
Woonsoc"'t WNWWTF Woonsocket WWTF, Woonsocket, Rt 111.11 12.4

BUCWTF NBC BP, East Providence, RI -3.2 ·2
BUCBYP NBC BP Bvo. East Providence RI -3.2 -2

CSO· Combined Sewer Overflow; UBWPAO· Upper Blackstone Water Pollution Abatement OlstJ1d; WWTF •
Wastewater Treatment Facility; NBC BP - Narrag.nsell B.y Commission', Bucklin Point Facility; NBC BP Byp·
NarrlOansetl Bav Commission's Bucklin Point Bvpa"
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Table 2. UsI 01 ConstItuents lor tile WfIl Weether Pl'Ollrem

Parameter Unns DeleClJon Melhooology He'erenoe
Umn

Dissolved Oxygen motL 0.1 00 Probe 1
Temperelure lIegC 1 00 Probe 1
CondUClivlly umhoslcm 10 CondudJvily Miller 1
pH 0.1 pH meter 1
Taul Suspended Solids motL 0.5 Grevimlllric 1
Volallle Suspended Solids motL 0.5 Grevimfllnc 1
Blochemlcel Oxygen Demand motL 1 00 Probe 1
Chloride motL 5 Orion Probe 1
DIssolved Ammonia UQIl. 5 Spectropholomlller 1
Dissolvecl Nltrwte UQIl. 20 Aula Analyzer 2
Dissolved Pho$pha1e UQIl. 20 Auto Analyzer 2
Sodium motL 5 Flame AA 3
calcium motL 0.05 FlameAA 3
MlIQneslum motL 0.05 FlameAA 3
Zinc UQIl. 10 FlameAA 3
c.dmlum UQIl. 0.05 Greplllte AA 3
Chromium UQIl. 0.2 Greplllte AA 3
Copper UQIl. 0.5 GrepllneAA 3
Lead UQIl. 0.5 Greplllte AA 3
NlcJcel UQIl. 0.5 GreplllteAA 3
Fecal CoIltorms md/l00mL 1 mTEC <4
enterococci md/l00 mL 1 mE 4
AA - Atomic AbsorpClon Spectropholmeter; 1- APHA. AWWA and WPCF (111811);
2 - MERL 119851: 3· USEPA 1197111: and 4 - APHA AWWA and WPCF 11lXl21
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-.iaaa a-IMiIlI fanber cIowuu..... 11lia -.ace is • RSU1I of~ _'apmeion

lhIIib Ilae i"'P"m_ UptlIaID. llico Clry JlIlDd baa _ • IowaUaa of Ibe doD boiaJlI ia _
!
~ apllIiq IliI&oric IOdImrnn. AI !be n-__ dIamIda lbnlu&lIlbc ..It oal'- of lbc

imp*nc1mrnr cwal IIIlldcn&c IIows c:aIIC ""apmeion

·1260

.-.~o-......-.,~~

48

."

~r----------,n .......,..n...- ......
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w. Wcllbcr LoodiDp

lbe - qlIIIiry cIau lXlUpIcd wi1h _ IIowt allow lor lbc c:aIaaIaiaa of _ Ioodia&

_. 'Ibex bnc bcaI ilIIapraed 10 deftDc dry wwba' budiDo IoadI u ptaUlnIl coadw.- IIId.

lor alIIIpanIOO.. wet ..-ber looda froallhc iDIqratioo of Ilae QltYa lFiplc 6).

lbe wet ..-ber IIIIU Iooda for TSS, lad IIld alppe:r prarnted ill Fi...... 7. lbe Del laiA

Of as of IIIIU by r-z au be obIened ill Fil"R'. Tbac fi,ura provide • IpIIial view of lbc

n- lIIldcr wet -*be:r CODdiIiolla. lDa'e.a lin IbaI 0CCW'riDa betwern BWWO I ODd BWWU4 AR

olmooa wIlU. rechIcUocla ill _ ..-ber IDOlS 1oodiD.. AR -ad __ BW1II'04 ADd BWWOO.

wtw. Olber poilu...... COOCIaIlnUODI doa'easecI, • ra"lt of dUuuoo (ie. Ca aod Mil.

AlJ r:umple caac wIleR Ilae colllbuwioa of Ilae iDaaIc ADd dcaaIc of iDdividIIal_jn....n

cauaea I IR*G caVUOlllllallal impaa is IClal willi rapea 10 Ilae pau:zul&IlOxiary ca&IICllI by u­

maaIJ. lbe EPA bu alablisbed acwe ADd clIroaIc c:oatallnUoIlI for u- maa4 UIin& rdMjooshipo

baa> oa~. Wbc:D barcIDeu dcc:rcaa. lhc pocaWaIlOwry iDaaaa. Tlaia. ill Ilae

B~ Ri..... UDder _ waIbcr cooditioIlI. Ilae dcaaIc of CllciUIII ADd lIIapamm, IIld Ibua

Iw'd-. ADd Ilae iD=ue of a.c maaI CXlIlCC:IID'aIi. raW" jn violalioaa of • IR*G IIlAIIIimdc

(FiI"R 4).

CIlAbIa Ilae idallifiauoG of Ilae major _ -.bcr 1OlIR:a. For tuIIIpIc, alppe:r ClOIlllOIIInIic la

FiI"R S iIllIicae lballbe IIlAjOl' IOW'CIa OCCW' AI lbc bead_~ BWWOO ODd BWW04 (Poia

A). lbe CSO l1UcIwJe~ BWWOO IIIId BWWUI aad lbc UBWPAD disdwp __

BWWOI ADd BWW02 .... CIlIlIribulon aad "G'C IIlOIIiIorecL H~, 110 major 1IlUItIC_

IdaWfied __ BWW02 aDd BWW04, )'U aIwp iDaaaa of trace maa4 wa1:~ lbe

Iaod .... ill 10 lhiI r-z ...... froallllbwtla 10 nnl, wiIboul~ IOIII'Ca of nmolf rdIIIId

lnCe ma.aI """'",

II appcan WI !be wet -"or obIavaliocla .... IlIppOrted by lbc RSUI" of Ilae dry -..bcr

swwyI. Earlier oboervalioal rdaled 10 lbI dry -..bcr dua (PIIaIc I), iDdicaud liplficaal~

ill maaI CIXICOIIII'aIio cIuc ID UBWPAD iDpuu AI BWW02. This .... followed by • npid as of

maaIJ bcrwoaI BWW02 ADd BWWU4. lbe IIIOCIwIiIm of IaIIOYAI is _ cIcar bul appan 10 be

alba I rauil of ~iDa Of bioiolical upuIr;&. lbe ran-....... of maaIa ill lhiI radl lIIldcr _

..-b... is _ likdy I raWl of alba l'CIllIpCIIIioII Of liouahiA&.of bioiolicallDlLerial. lbe

iIIIponaoce of evallllUlll Ilae ayIlaD lIIldcr boc.b dry ODd wet ..-ber CODditioas is evidaL o-ty.

lbc RSUlta of Ilae dry walbcr IIII'IC)' Illuau UBWPAD is Ibe onpnallOW'CC.

Additi<laalJy,1lae~ clccreae AI BWW06 aDd BWWOO (PoiAl B). This is cIuc ID

lbc I'eIIllInl of pollwmu ill Ilae impounctm,.".. above lilac: 1lalJODI. IIdow BWW07. Ilae n- CDIaI

Rice City PoDd. SIwp IDCIaIa ill CllIppCr ClIII be ...... AI BWW08 (PoiAl C) AI Ilae PoDd'1 0Ulla wiIb

-11-
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old IlOllJt:a (riWl' lIOdimellls). II is impan.IIlllO IIDle tbIl \be fOf1ll£f may be _ier 10 COIIIrOI md

Bl.A.CKSTONE RIVER
WET WEATHER INITIATIVE
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_ UlIISJlO'Uld. If _ IdlIinI 0CCIII1 widliD I Jivea reacIl. I IimIlar procodare em be followed 10

minimum (Fipre 7).

Fiaure II U1~ the JDDW:IIW2Il of the maa IoadiDc of copper .. I rauIl of me wet w.-lIo:r

ewIll. The Iilarp iDcn:aIea iD the Upper BlKbloae • BWWOl lIld BWW04 (PoiDI A). ocatt for

lllIIIples tW:D bdweeIl6 md 36 boon with \be peak • boar 6. while. BWW21~ 8), me

lDaaoea _ IIDled betW<ldI boun 20 md n. with I peak • boar 20. The pn>peaUoo of me _

impaa dowDIlrtlIIl em be dearly tnebld tbrou&b me bydropapb (Fiaure 3) lIld poU_ (Fil'ft 5)

ax! the mau IoadIDI (FI~ II) curves.

Fiaure II alto IlIl'P"'U the poniaI ram>nI of IIllU:ria1I by BWW07 (See a1Jo Fil'ft I) wldl

lDaaoea • BWW08 lIld BWWII. FIltther dowDaream It It evldeIII tbIl partial ~iDJ ocattl by

8WWl3 lIld BWWI7. The }-<Iimr:Dsioaal ploa also provided the opportunity 10 view omaIl...

imp8cu lib loallzal impacu of the CSOs iD J>awtucta (8WW20 md BWW21) ...... boun 3, 6

ax! 9. UoJibl the impacu oa IY1ItIII flows, the lributaty eoaulburioa 10 the maa IoadiaIIl'P<*'

of the rtIUIptDded lIld NDOtr loads .. .- in "........ 10. SiDo:e me rdalioaIbipo _ bMlld oa _

3. With thislDdbod. the ..... wather loads of Fi~ 7 may be refiDed funber 10 pnMde lD tItimale

nms. The pia iD the rtIUIptIISioo load betW<ldI 1Iali0llS ClII be doducled from the wet weadle:r load

ali_iDl the n:suspemioa CDlIlpODClII with the ux:e moW modd. Pawtoxic (Roy CbaudIrury 1991;

Roy Chaldhwy d aI. 1993). Thnlu&b Ipplic:llioa of the modd for I nIlle of llowI. relaIioaahipa

-.e cle¥doped for eacIl reacIl betW<ldI Cd IIIlU lnDIpOftOd lIld llowI. Rr:mspemioo is lbcD

. for m tIlimaIioo of the _.,."".. Fi~ 9 U1usuwea thislpplicaioD for \be reacIl~

8WW07 md BWW08. The raulll of this aaaI)'Iis for TSS. copper md lead Is IWIIIIlarized ill Table

-17-
Figure 9. estimation ot RWXltf and Resuspenaion
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Teble 3. Runon and Resuspenslon Loeds Between BWW07 and BWWOII.

ConSlllueni . BWWOI BWWOll l.llaOulO Between Resus nSlon Runolf
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,Cu 47.2 72..2 2S IS eo 10 40
Pb 211.7 4g 22.3 1211 55 g.7 45
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STORM 2 - 11/2/92
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-: 11le aIwp a...- ill !be Uppor~ • BWWln lad BWW04 (PoiIIl A) oa:ur tor

umpla IW:D bcnoeaI6 _ 36 boan widl\be poet. bour 6. wtI1Ic II BWW2I. Ibc u..:z- '"'

IIOCIld baWIlCII boun 20 lad 72. with • poet II bour 32. 11le propaaioa o( !be IIOnIII impaa

- IoadiD& (Fil= II) ana.

.1"11"1" II ..... aupporu lbc putiaI -.I of IIIIICriab by BWW07 (Sec ..... Fil"l" I) wiIIl

iDaaica. BWW08 lad BWWII. Fun1Icr cIow__ il ia cvidcm dill panial .uJiDa oa:un by
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aDd 9. UllIikc!be impacu OQ IY1IaIlllowl. !be Iribuwy alIIIribuIjm 10 !be I11III IoadiDI oppcan

IIliDiDaIm <Fil"l" 7).



I
I
I
I
I
I
J
I
a
I
I
I
I
I
I
I
I
I
I

Pawtucket, RI

"oo·

......
1010
<0<0
N ...

<2.0

1J:l:l!~

~~.~.
:T:T....... "....

N U ",. UI C1l
00000
00000

BLACKSTONE RIVER INITIATIVE
STORM II - Copper (Ibs/day)

~- MA RI -~

Wet Weather Moss (Ibsx 1000)

o
o

Worcester, MA
WATER QUALITY STATIONS

Figure 11.

Rice City Pond Woonsockel
UBWPAD Fisherville Pond WWTP

.0-10

.10-20
T

.:!O-JO·3
I I 0

0.10..10~ 3
I rvl 6

I .~~] -to-50
9

E 12
Hi

[:1] 50·6020
24

.60-70
28

h 32
36

l1li 70.80r 40
44

.80-90
S 48

72

00 01 02 04 06 07 08 .. 11 . ·13 17 18 ' 20 21

00

a

.. ' 0:c u.c.,
"...
'" -< -0 a

~ f 9:
,-- ,..

~

~~ f
0 -'e.. :;' u.... ,..

: i' :;'., n... 'J
III f " N
C. ~ 0

~ ..
:r &..0'

0-1 N
0 l1',..
~,

...
a



I t

I I I I I I I , I I I I I I, I ,I I I ,I



I
I
I
I
I
I-
I
I
I
I

'I
I II
I
I
I
I
I
I
I

Wednesday August lOt 1994

SESSION V: POLICY & INSTITUTIONAL ISSUES OF NPDES MONITORING

1. "An Industry's Perspective on Stormwater Monitoring"
Charles Beck
Coors Brewing Company

2. "EPA Use of Stormwater Monitoring Data"
William SwieUik and William Tate
US Environmental Protection Agency;
Eric Burneson - - - -- .. -. -
SAle

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

. ... - -... ~.,



.. - - - - - - .. .. - - .. - - - .. .. -

STORMWATER PERMIT PROGRAM
AN INDUSTRIAL EXPERIENCE

P. Charles Beckl

ABSTRACf

The impact of the NPDES stormW2ler permit prognm on a Fortune 500
company locau:d in the semi-arid west is discussed. The results of a SlOrmW2ler

outfall sampling prognm are presented. Modifications to the facility were made
as a result of the sampling and site inspection prognm. The problems and
successes of the SlOrmwater' permit program from an industrial environml!lltal
manager's perspective are presented. Cont%rTIS about the ful1lIe directi~ of the
program and economic impact on industry are nised. A balanced COSI-Versus­

benefit analysis of the program befon: the en&CtJIlent of additional rquLatOry
requirements within the stormwater prop2III 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 rqulations. :

INTRODUCTION

The following paper will offer the perspective of a heavily regu1alI!d
fortune 500 company located in the semi-arid west. It will address a coMpany's
experiences with the stormW2ler permit prognm and briefly discuss some positive
and neptive aspectS of the current stormW2ler prognm. It will a1so offtir
thoughts about the futu~ of the prognm. The views are those of the audlor and
do not necessarily represent the those of Coors B~ng Company. .;

First some bacIcground information for those not fantiliar with the Coon
Brewing Company. Coon Brewing Company, America's third largest brewer, is
located in the foothills of the Rocky Mounains just west of Denver, Colorado.
The company a1so has operations in Memphis, TN and Shenandoah Vall~, VA.

I Mmager, Environmental Engineering, 'Coon Brewing Company, CE 200,
Golden, Colorado 804{)1

The Golden plant is the lariest sincJe brewery in the world with a plant
lmwing capacity of aver 20 million barrels of beer per year. To put this in Civil
Engineering tJ:m1j, this is the equivalent of around 0.0745 ems (2.63 cfs) or 74.5
liters per minute (1,ISO plI01U per minute).••24 hours per day, 365 days per
year.

The physical plant maddles a river known as Clear Creek.. a major
tributary of the South Pl2tte River. Clear~ is a heavily allocau:d river
supplying seven major water supply and irrig:a.tion canaI.s.. The Clear Creek
bea.dwaterS are located within the hisloric mining distrias of Centnl City and
Blaclchawlc and tile Eisenhower TUMeI-Loveland Pus region near 1-70. The old
mining districts have been identified as potenlial CERCLA Superfund sites due to
the extensive mineral production and processing :activities. The area is literally
doaed with old tailings piles, mine shafts and mills. AJ a result. Clear Creek
suffers from acid mine dninage problems plus other W2ler quality problenu
assocWed with !he boom town growth from the ~taliz::ltion of gambling in the
Centnl City area..

WaJ.er flow in the river is highly seasonal and dependent upon winter
snowpa.ck and ninfall. During a nonna! year. flow CID l2Ilge from ::1.7 ems to
28.3 ems (800 to 1,000 cfs) to less than 1.42 (SO cfs) in pans of the river. This
year the peak flow at the mouth of Clear Creek Canyon was 23.2 ems (820 cfs).
The average annual raiafall in the Golden area is approxinwdy 330 to 356 mm
(13 to 14 inches).

The brewery has been located in the same area for its enti~ IZO year
existence. Besides the b~g and packaging facilities, Coors' opemions in the
area include three coal-fired power boilers. two waste Water treatment plants, a
can manufacturing facility (S billion cans per year), a can lid or end
manufacturing facility and a g1ass bottle plant.

Coors' has additional property holdings that include an abandoned landfill
and an openring gnve1 mine and uph.alt batch plant. The gnvel mining and
asphalt plant is opc:nrzd by others.

ctJRREHr PERMIT ITATIJS

The NPDES stormwater permit program is a delegued program
administered by the Colorado Department of Health, Water Quality Control
Division. Coors has been issued six general stormW2ler permits for both Light
and Heavy Industry General StonnW2ler Discl'wge :activities. The permits cover
approximately 180 outfa1ls to either Clear Creek or aibutaIy irrigation canals.
Curn:ntly the NPDES discharge permit for the waste W2ler treatment pla..,ts is a
~ewa1 process with a final draft expected by mid July 1994. The new NPDES

1 Beck 2 Beclc
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pennit inGorpomes a compl= section on stormwarcr for the bn:winS and CU1

manufaaurine pbnt opcnlions. Coon' willlhcn opc:nrc under four &enera!
stormllJ1LlU permits and the NPDES d.ischar&e permit.

SAMPLING PROGRAM

1991 Program

Along with other major industrial conc:cms Coon' was cau&ht up in the
initial permitting frenzy in 1991. Coon, by virtue of havinS one of the lari=
ammonia based rc.frigcnrion systems in the world, was and still u a "313"
industry or heavy industry. The decision was made to punuc aD individual
indllSlriaJ pennit usinS the "Form F" application.

Coon was well into complctins the "Form F" when the decision to issue
Sencn1 pcnniu was made just weeks before the individual applic:a1ions were due.
Considcnble effort and rcsourt:a were spent assembling the maps and dara

n:quircd (Of the Form F.

Maps and Surfic:c An:;u.

Some twenty-five five-size maps have been uscinblcd 011 CAD uRnS tidd
dara that required some 16 penon-weeks to pther. ~ tow area surveyed
included approxinwcly 300 hectares (742 acres). Two' hundred three (203)
bcctucs (Sal acres) arc pervious land which includc1 railroa.d mPnS yards and
equipment staging areas and undeve10ped Ia.nd. There arc 72 impervious hectares
(178) acres that includes parking lots, auek aprons and roads. Twenty Five
hectares (63 ac:n:s) arc under roof. At the time of mapping in 1991 the tDCl1
Dumber of outhlls was 182;

Sampling Dati.

Form F n:quired sampling all outf.ills unless a case could be made to
poop =ti.a.l.Iy identical outfa1ls together under the provision of similar
activities and physical chanctcristics. This was done as the cost to sample and
analyze 182 outiaJls for up to 2S chemical analysis mClhocb was prohibitive. The
182 outhlls were grouped into five major e::ucgories and the number of samples
was reduced to twCllty-twO. The twenty:two outfa1ls were .selected ba.sc:d on
~ saiety and on their being repn::lcmaDvc of the indumia! activity in the
area. Both manual sampling and "automatic" sampling techniques wen: tried.
Manual sampling was the most effective. The automatic samplen did not wori:
satista.ctorily panicular1y in collecting composite samples during storms of short
duration. A team of six people was formeil to manually sample assisncd outfalls.

--------- - ---

Sixleen of the lWaIty-two outfalls were sampled during lhc summer and
fall of 1991. Both grab and composite samples wen: oblained and anal)'Uld for up
to twcI1ty-seven 4iffcrcnt paraIIICIen.

Rainfall was. and still u, measunld uslnC a SIandard tipping buckl=t niD
p.II&C c:onnectcd to a Campbell Scicntitic daIaioucr. DurinS the samplins period
of June to Oc:tobcr the Golden site rcce:ivcd 198 DUD (7.8 iDches) of niD in 50
JUmIlS. Of the SO stonoS 28 were peaLer tIwI the 2.54 mm (0.1 inches) n:quired
for sampline. The maximum sumn ocx:umd in AIIJIISl and produced 41.7 mm
(1.64 inches of rain). 'Ibc maximum rain taU: was in June and was 69.3 mm/hr
(2.73 inches/hour).

. 'Ibc panmdCn measured included the standard nutrient suite (pH, TSS.
Oil" Orcase. BODS, COD, lXN, Toca1 p. ClCJ. mcCl1s (Cu, C4, Pb, AS. Cr.
Zn, Fe) and special orpnia (600 series).

~; Fi&urcs 1 and 2 summarize the r=ults for the grab samples for selcacd
Dutriants and mctals dwS the 1991 samplinS. The results fOf lhc composite
samplp:s were similar but sli&htly lowcr in values. Note that the value scaIc (y­
axis) for both fill=S u loprithmic. The value scaIc for the nutrients u in pam­
per-million (ppm) or mctl and the value scale for the mcta1s u in pam-per-billioo
(ppb)':Of us/I. 'Ibc avCRIes shown arc sCwcd by the maximum values.
Typically the maximum values arc for one or two outfalls. For example, the
avcraje for BODS u redlKZd to 42 mctl when two hi&h values arc not included.

;.

I To pve some pcrspcc:tive to the numbcn for the mcCl1s please consider
the followinS chart (Table nwhich compua the Dumbers with some cmting
wa/Cl standards. The aVCRIe stornIwaICr values fa1l within the n:quircmcnts for
both bou1cd and/Of drinking water and RCRA Health Based Standards. The
mecW values arc in some c:ases above the Wann~ n stream SWIdards as
established by the Colondo Dcpanmcnt of Hea.lth (CDH). Given that the data
arc for sinsie point samples from diffc:n:nt outfalls under diffc:n:nt stonn
conditions it would not be 11004 pncticc to c1raw too many conclusions from thu
data comparison. 'Ibc dara do suUest that additional worlc would be needed to
fully assess the nonna1 distribution of the dara for any pVcll outfall for any pven
panmeter.

4



- - .. - .. - - .. .. - .. ... - - - .. - - -
100l1Ul0

:1110
310

10m 53 §c::

~ »ei

-
mgll 1l1l1lL-

Ulll ugtL

0.10

pH TSS BODS COO O&G T1<N ,..3 II1KAlE
-A~ -1lIAX;

a_

Ficun: I. SlOrmwa= Sampling Results for
1991 GraD Sample Nutrients Summary

Figure 2. SlOrmwater Sampling Results
or 1991 Gl6b Sample MCQJs Sumnwy

5 6 Beck



- - .. - - - '- .. - - .. .. - - - - - - -
METAl. Hoaldl au.I a-Jed sa- G.-b s...,&o CDII_

SId RellA W.. -M... A_
~.2 21CFllIOl.l lW_De

",II , ...11 -iii "'--urll

mON (Fo) NA NA 13.000 1.30 NA

CADMIUM , 10· II 2 1.3
(C4)

COPPER(O<l Nil I 100 220 I 4$ 13.$

CHROMIUM 100 I 30· 110 13 D4
(Cr)

LEAD (1'1» I u 30· 40 19 4.1

ZINcrz,,) 7000 3000 I 6900 920 120

Sll.VER IAr) 30 30· 4.9 .33 .4

• -Also a drinkine waIeI" SWIdard per CDH .5CClllool-i.

Table 1. Stannwalel" Mela1s Values

Nutrients Discuujon

The nutrients show a wide ranee in variation in FiIW'C 2. is typic:ally
sIa:wed by one or two outfalls with very hieh values ill comparison to the odIeI"
dala.. For example the average BODS drops from 336 mell to 42 m&l1 with
exclusion of the maximum value of 3190 m&l1. The 42 m&l1 value is within the
NPDES discharge 7~y average Iimiwion of 4S mell. l.iJlrNise. the averaae
suspended solids value drops from 113 melllO 41 mgll which is within the
NPDES 7~y av~e of 4S m&l1. The oil and grease values are nearly within
the NPDES dischaJie Iimiwion of 10 mgll.

Follow-up Actions

The outfalls which had unusually hieh panmeter values were examined
and modified to reduce the source or sources of the problem. For cwnple, the
outfall with the 3190 mgtl BOD5 was near a spent yeast dryine bcility and
spilled yeast was responsible for the high value. This prompted a review of the
SlOnn drains around the yeast dryine facility. Modific:alions were
ma.de 10 reroute the storm drains to a process waste waIeI" drain in the high risk
areas around the yeast planL

The n:vi«:W of the sampline daIa ~t.ed in modifications of severa! ocher
poccntial problem areas within the pWll. Roof ctrains on fennentine buildinp ere
reroua:d from a Clear CRlelc diJc:h.ar're to the prOCCS1 _ wa1ef collClClion
syslmll. Stann dRins in hieh Inffic pr2Ie areas were modified to collect up to a
five year sumn evenl inlD the sanilar)' __ sysu:m. Lcan-ID roof SD'UClUI'e:S

have been insIaJled over _ IIWI:riaJ collection bias and over above cround
Cud SlDnie facilities. Manua.l valves have been insW1ed on ouOalb with a hiCh
pocaItiai for subSWlQe spills.

. Coon has been under no direct order from a rqu1atory qcnc:y to comet

any of the problem oulfalb other than the IUidance in the Cenenl penniL The
insallaIion of c:orrcctions and modific:alions have been volunwy and done
willinC1y in the spirit of &oed corponte citizenship. Coon will continue ID maC
minor impiUvements in the physical plant which will di~onaIly improve the
quality of SlDmlwaler.

;. The current sampline procnm for Coon c:alls for sampline of laI ouOaIb
a smile time for four panmeu:n (pH. Oil and Grease. TOC and BODS) and for
samPiine three additional outfalls twice for the four panmeterS plus Je1eaed
maal.s. An esQlIWIl of the ditdlarJe volume is also RqUeSIed. The RlqUiremcnts

are fur 1994 and 1995 only. This sampline procram does not plac:e an undue
burden on Coon. However. it is not c:Iear how this SlDmlwa.tcr sampline
procnm will address me:asunble chanCes in stram quality.

. The samp1ine daIa is to be included in an annual report to the regu1aIory
qency. It has not yer been swal by the rqulaiory agency how this daIa is CainC
to bo used in the future. Will the daIa form a basis for numeric limits or
mandatory BMP inslallation and performance standards. Based on previous
apeiience. indUSlJ'Y becomes conc:erned when reportine numbers to a rqulatory
qency about how the daIa will be used and what fulUre culpability may exist
from the dala..

Additional Cpmmqm

Other topics besides samplinC within the SlDrmwater permittine prognrn
are of interest to the indu.strial community. The c:um:nt stormwa1ef permit
program is. overal1. a reasonable prognrn. There are. however. some other
issue 10 be coruidered about the NPDES Industrial SlOrmwater Program now
tIw the first phase has been implemented for industry.

Regulatipn Bunlcn.

American industry. particularly manufacturers. is surrounded by
environmental regulations. The flow of all significant materials into and out of
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any manuf3Cturingiindustrial complex is now controlled in one fashion or
another. Under the Community Riihtto Know 3121J13 pro&nm. indumy is
requirul to nWnWn a mass ba!anc:e for the listed chemicals at all tilllQ.

'The stonnwater prognm and its permit requimnents~ considered to be
either rulundant and of a relatively minor consequence within the industrial

. environmental regu1a.tion arena.. From the rquJ.atory manager's pcnpccnve it
overbps the RCRA. Community Riihtto Know and the Spill Prevention and
Emergency Response Planning and other programs. This redundaDcy does c=
some unnecessary costs for indusay. This cost is carried by indumy and
ultima.tely by the public throuCh hilber prodUCl prices.

Program Cgn

The cost to prepare either the individual permit application or the
Stonnwa1er Management Plans was much hiiller than originally esti~ \ly the
EPA. This was aggnvatc:d by the swilCh from the EPA Individual Permit
program lD the Swe Genenl Permit Prognm. Coon has spent over 5250.000 in
the mappini. sampling and administration effort over the Iasl three yean. 'The
EPA csDmated cost oi SI5.000 to S20.000 to complete the individual indUSlrial
permit application was off by a factor of len. It is not known if the EPA has
developed any fii\II'CS mating to the on-going cosu of the prognm in terms of
annual report prepamion. samplini and BMP installation. The Coon ~ence
is not unique. In comparing nOleS 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 berwcen the EPA cost estittWCS and the aaual
cost of the application and plan pn:pan!ion.

Poorly Defined Program Goals

The undenwIdinC of the Stonnwater problem and the toni term goals of
the prognm is limited. The specific lasting effects on the river sysu:m froll! non­
point source runoff have not been widely discussed in the tr1Ide litcnnU'C.· The
benefiu of the stonnwater pro&nm have not been effectively communicated to
industry and the tJUe costs appear to be much hieller than oricinal estimateS.

The NURP study demonstrated that there were e1c:vated levels of
conaminates in the stonnwater over and above = standards. The study did
not address. in depth. the acute or chronic effects on the rea:ivine Walen from
the contamllwes origirwing from the urban and industrial environment venus
baclcground levels from non-agricultural land sources.

Because of the lack of a clearly defined problem. the industrial
environmental manager tends lD be less than enthusiastic about committi ne

n:sourt:CS toward an equally poor!Ydefined solution. Particularly when the
NPDES point source. RCRA waste handling and CAA air emissions prt>gT3l1U
~ bc:u.er defined. more visible and supportEd with very active regu1alory ~fs.

Mjnor Incon5incudC$.

Lastly the ienera! permiu contain inconsUtencics in the application of
indumi.al activity restrictions. For cumple. in the Colondo Genenl Permits
iniprion retUrn flows ~ allowed but air conditioning condensate flows ~ not
allOWCid. lniprion flows ~ often cited as heine major sources of suspended
solids. pe$ticides and phosphates. Fire fiellting activity water is allowed. but
waICr from the code required hydnnt testing is not allowed. 'The reasons cited
being chlorine levels in the testing waIe:. Building foundation water can be
discharged if it is not contaminated. but no standard is cited for defining
COllcunination.•.is it = standards. drinkini water standards or existini point
aouroe SWldards.

Suqnsn

The NPDES Stonnwater Prognrn is also suc:ceufu1 on severa! counts.
Although the improvements to water quality rcsu1ting from the prognrn will not
often be as dnnwic as the point source prognm. but should be positive for
rccci.vine water quality.. 'The permit prosnm is raisine the awareness of the
effects of ouuloorind~ activities on water quality within the industrial

community.

Symm Undmti!Jldjng

The~on of the Stonnwater pollution p=tion plans required by
bod! the hellt and llcavy industrial permiu have caused the industry to closely
examine iu enernal wotlc activities and the relationship of those activities with

the physical layout of~ facility.

'The initial mapping and site inspection activities revealed areas where
simple. incxpc:nsive changes could be made nght away. These areas wen:
pnoritue:d and included in the Pollution Prevention Plan and in the budget
plannini process for the company. If more complex and costly changes~
required in the fulUre then the planning and design process will be faciliwed by
the mapping propam.

DJidl Dj$chan:c Eliminatign

Both the inial and on-going inspection and mapping prognrns have
identified illicit connections and disclwies that were previously either ignored or

9 Beck 10 Beck
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forgoaen. For the Coon facility. the most common illicit c::onnec:tions wen:
~~ collection~ under and around produaion buildinp and
HVAC condc:nS.IlC dr.lins. The JTOUI1d wm:r dnins wen: repiped to the waste
water SYStem. As HVAC condcnsalc drains are identified !bey are reroutlld to
the waste water collection system.

Spill Reduction

The threc-ycar spill history review called for in the Pollution Prcvcntioo
Plan (called the Swamp Plan in our swc) placed emphasis on the comx::tion and
modification oi areas that Iw1 ~ hisIory of repeated spill C'VClIts. Coon had
c:xpc:rienccd repca1Cd dUcharies from process roof veots in the beer fc:nncnting
area md periodic spills from the loadout system for waste beer and rdatIld
byprodUCt3. In each casc the system was modified to n:roua: the diJchar&cs to the
wa.stC water collection system.

In other cases. where the spills are more rmdom and much less fnlquent
but the activity concentntion was high. the dnins wen: equipped with some JOrt

of valving to control the cfucharges to the local waxers.

Improved Stoms: pPy;tjeg

Material handling and storage p1'3Clices have~ inapalsively modified
to n:dua: exposure to stormwater. Simple roof sauaiIres over nwerial storqe
areas and matt::rial handline alQS have n:duccd SIOmtWa!cr conraa with tbcx
opcntions.

Scrap materW happen used to collea segrepted construction debris, such
as wood. mild Sll:C1. eu:.. have been either n:locatcd under roof or have Iw1
simple coven insWIed.

Outdoor housclcecping practices have received renewed intereSt from the
EnvironmcnQi Spccialists in each opcnting area tIw1Ia to the semi-annual
inspection program. Housckccping activities as simple as street swcepine are
monitored more closely.

The annual inspection program foc= ancntion on the activities and site
amditions which would affea the quality of slOlTllWUCl" leaving the propctty.

EmplOYee Awamlcss

The Stomtwater program lUluires employee mining. At Coon the
stormwa1C:l" tnming program has been incorpontcd into an c:xisting mandatory
OSHA program. This is gwen once ~ year to all Coors Brewing Company

employees and oontnet employees working on site. The impaa for the
SlDmIwascr program from mining prognm is an increased awvencss that spilb
and c:areIess nweriaI handling can alfea more than just the imrncdWr: area. An
unrcaJized side benefit milht be the employee thinltine twice before dumping
pesticide waJICS or ndiator fluid on the smet at home and findine an altcmatc
means of disposal. This is an area where the local municipalities and indusay
cou1d work lDCC!hCt.

Cpnmucriye RcgulalQc

A final success is the approach talte.n by !be rquIaton within our swe.
They have recognized the inherent limitations and pitblls that exist within the
rquIation. But. more impcmantly. they have recognized the. intent of the current
rquWion is pollution prevention. As ~ result. they have provided a constnlCtive
and positive framework for most indusay to work in. The enforcement focus bas
been on the recalciU"ant industries which make no positive effort 10 correct overt
problems or industries tha1 could pose a significant risk: to the public or are
politically sensitive and hiehly visible.

FUTURE DIRECTIONS

, What is the future for the Industrial Stormwater Prognm7 The Clean
WaJI:f Act Rcauthoriz:uion. which will diCQle the future. is in process and the
IWI1s the stormwater portion of the act is not defined at this point.

HistDricalIY. new regulations demand III improvement in the quality of the
rqUlatIld media. be it air. water or solid waste oontrob. It is reasonable to
expect that the new CWA will lUluire improvements in stormwater quality from
both the municipal and industrial seeton of our economy. The timin~ and level of
impravcmcnt is sti1l an open question.

It should be I'CCOgJlizI:d that indusay bas made sicnificant sttidcs in
improvine the ovenIl quality of the environment in this country. The 00Sb for
tbc itlipto.-ements have been distributlld rdativcly painlessly throughout the
economy in lI::t'1TlS of a modest increase in the cost of loads. Thc:re is a desire
on the put of many for industry 10 bear yet a crcuer portion of the burden of
cnvironmenQi improvement in the fon=secable iuture. ...but at what cost?

In the author's view. a point of diminishinl returns for the environmenQi
dollar for industry is very close. The benefit versus the cost ratio is shrinking
rapidly as ~jor pollution problems are solved and level of oontrol is ratehe:lcd
down ever tighter.
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The =t sumnwater rqu1alion is primarily a pollution prevention

prognm and does not, genc:rally, manda1e the insWIarioo of major (and
expensive) stJ'UCtIJD.i controls for existing indUSlrial bcilities. Will the new
stmmwa1Cl' rquWions IlWIdaU: numeric sanduds 10 control the quality of
sumnwalC'disclwges1 Will the new stonnWUCl' rquWions II\aIlda.Ie major
SU'\ICtIIraI changes 10 control the quality of sumnwarcr disdw;es1

Either case is Iikcly given the current stonnWUCl' quality monitoring
requirement for the heavy industry eaIqOry. The cunalt appt'OKb 10 monitorin&
from the rqulaIon is that it is for infonnarion only and for the use of the
industry 10 romct obvious problems UIIdc:r the provisions of tbe Stom\waa:r
Pollution PTevcntion Plan.

It is left 10 the best judgement of the industry and regu1ator as 10 wtw is
aa:cptable and wtw is nor a.ceepcable. This is a reasooable appt'OKb providing
industry is proactive and lak= visible a.etion 10 romct problemL

A3 the spill rontrol. material handling and housekzeping~ are
implemented within a bcility under the cunalt prognm the major pollutant
rompollents will be reduced and controlled for a rdaJively small cost. The IlllXt
incn:ment of control could involve major modificalions 10 the intr'astructutl of a
facility. The resultant incremental rost per kilo~ of pollutant controlled rould
be quice tri&h.

Basin Pjtradigm.

The air pollution arena provides some insight 10 a possible fulUl'C
prognm. The anainment or non-anainment stalUS of a regiona1 air basin
detc:nnines the level of control required for a discharging indusrry. The RAe!
(Reasonably Available Control Technology) and LAER (Lowest Achievable
Emission !We) criteria are used for delermining a ·reasonable· cost per lDII of
pollutant controlled apinst the loa! pollutant reduction requirements for the air
basin.

A similar program could be used for sumnwarcr discllarJcs. The
RAe!ILAER approach would be used if a receiving warcr was I\()( achieving a
given stream quality criteria within a dnina&e basin. Based on the quantity and
quality on the discharge water eenain Best Management Practices could be
required if an existing facility is modified or a new facility is built within a given
anainment or lIOIl-uwnment dninage basin.

If a fonn of the air permit paradigm is used then a valid and enforceable
algorithm which baI.anccs area of the country. individual stream flow uid
ra::ave:ry factors. rain event factors. discharge flow and pollutant c:ooc:entralions

ap.inst a new stonnwater strQJll standard would be required, AU sources,
municipal. indusuul and agricultural. contributing 10 the basin must be included
and the control burden should be pronIcd on a mass/volume basis. This is an
e:xtremc1y complex problem. CrcaIive and innovative solutions will be required.
WaII:r pollutant tnding between industry, sanitation disnicu and non-point

disdw'gers could play an impon2llt role in n:solving the problem.

The cost and time 10 then estIblish and implement an equitable and
enforceable prognm nation wide will bC tremendous. The subseqllCllt
monitoring and eniorccment costs 10 both reguIaIed community and regulators
will also be very high. These costs must be balanc:ed agaiIut the economic and
quality of life benefits of the pro~.

Pressure and infiammalOry rhetoric rould be genenIcd by others 10 force
a rapid implementation of numeric SWldarlh. Panicuwly, if the monilOring data
is ta1lzn out of conteXt and used. without a sound scientific base 10 develop
unreasonable numenc SWldards for stonnwater. The direction and intentions of
!be program could be become lost in a fog of chemophobic emotionalism.

The economic impact of a rapidly implemenlOd prog=n that had a
minimal rational base would be more seven: than a thoughtful and well
conside:n:d prognm. It would prove 10 be C1tremely costly for industry. the
reguIaIory community and the country as a whole. A recent editorial (6113/94)in
the Washington Post called for •..a =fuJ balancing of costs and benefits.. • for
environmental prognms.

Industry. through trade organizations and professional societies. must be
an active participant in the development of any future SlOnnwater discharge
SWldarlh. For industry, the creator of value added hard goods and the engine of
!be national economy, the com a.ssociaIed with government regulations and
mandated progr2JIU are increasing daily.

The cum:nt llOnnwater program being an integral pan of a gencn1
pollution prevention prognm is successfully reducing the pollutant loading 10 the
nations rivers and SlI'ClI1lS. If the United Swc:s is 10 maintain its romperitive
position in the world marla:t then a very hard loole must be given 10 the cost
venus the true ecooomic benefit for all new and reauthonz.cd enVlronmenw
prognms. Industry must worle t:,i1gentJy within our political framework toward
the establishment of a rational and economically feasible SlOnnwaIeT prognm for
the rountry in the future.
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STRATEGIES FOR USING STORM WAn:R MONITORING DATA

Wll11am F.S~. Wll11am D. Tate', Robert Goo', Eric Bumesoo'

ABSTRACT:

This paper disawes mooilDrinp; rcquimnalu in the National Poll\ItIDt
Di.scIwle Elimination Sysu:m (NPDES) SUlmI wa= pennittinc program aDd
rd1ccU upon wllat has been Ieamcd since November 16. 1990. when the NPDES
storm wa= procnm rquIatioas~ promu1ptcd.

The monilDrinp; rcquirDd of rquWal municipal JqlaRIe SUlnD sewer
SYSlemJ (MS.4) and of SlOnn wuer clisdwics u'Oci,trd with industrialll:tivity
an: summarizal. Eumpl.es of mWlicipal separate IIDnD Jewer JyIlCm IQOII.iIorin&
an: hi&hlithtcd aJonc with EPA's experialce with the SlOnn wuer DIOIIiiOrinc
data reponaI by industries for lbc IfOUP applicatioo proc:css. '

In r;enen1. for municipalities. the illicit di.scharr;e monilDrinC aDd OUtfall
c:baracterizatioo coodueted durin& the NPDES pcrmi1 applicuioos IIavc~
use.fuI dal1 for lOme municipallti.es, but in other cases then: an: clearly wa)'l to
improYe upon the purposes for IIDnD wa= monilDrinr; and the rnrt~
employed. The flexibility afforded municipalities aod rqu1aIory &IlthorUic:s in
establishinp; SlOml waICI' mooilDrinp; requirements under the terms of loll NPDES
permit. 00 " cuc-by-ase basis. sbouId IoClXllJUnCldat more useful aod~
1IlOIlilDrinr; efforu in the future. :

'U.S. EPA. Office of Wutewaler Mu!a&ement (4203). Storm W~ Scc:tioo. 401
M Sucet. S.W.• Wuhinr;too. D.C. 20460
~.S. EPA. Office of W&SlCWalt:r Mma&ement (4203), StormW~ Section, 40 I
M Sucet. S.W.• Wuhineton. D.C. 20460
)U.S. EPA, Office of Wetlands. Oceans and Wuenbcds. Non-point Sourt:e
Prognm. 401 M Street. S.W.• WuhinP;lDll, D.C. 20460
'Sciena:: Appliations intenWiOMJ Corpontioo. 7f1:X>-A LcesbIUl Pike. Fillls
Church. VA 22043

Under the industrial stonlI water group ilpplicarioo monitorinp; effort.
approxinwely 3.~OO industrial bcililleS conducted monitoring of their stOrm
wa= discharccs and submilled this dal1to EPA HeadqIWterS. This dw.bue
represalu tbe IIlOSl cumprcbensive collection of industrial SUlrm ww:r d.aIa
auemblcd to date. EPA used the dal1to dMiop " proposed multi-sector
industrial SUlnn Wlter pennil to cover 44.000 industrial bcilities. in devdopinp;
!be permit, EPA used the dal1 to identify pollulJJlts of coocem for each industtul
leCtor. to help identify high priority industries for future monitorinp; under the
lClIlS of the permit. and for Jdcetinp; the most <tppropriate pollution prevcntioo
mc:uures and BMPs. Monitorinp; under the proposed pennit is designed u loll

incentive for indlUtty to impLement more effective SlOrm wue:r pollutioo
prevt:Dtioo pWu.

In CODC1usioo. possible future directions for SUlmI wa1Cr monitorinp; for
municipal aod indumW NPDES srmm wa= disdwr;es an: discussed.

INTRODUCIlON:

The 1987 UIICIIdmaIts to the CleanW~ Aa <tddcd Scetioo 402(P) to the
Aa which directed EPA to esublish aod impleme:nt" two phase Nanooal
Pollutant Discharge EJiminatioo System (NPDES) SlOnn wau:r point IOUr'Ce

penniUinp; procrun. To initiall: this permitting effort, EPA published regubtions
on November 16. 1990 wbicll defined the types of municipal and industrial SUlrm
waitt disdwr;es tha1 would be l'qlIWcd under the first pb<t.te of the progra.m.
aDd which bid out specific permit applicatioo rcquimnalts. Storm W21Cf

cIiJc:barIe monitorinp; requimnc:nu~ ilII important put of the pennit
applicaIion procaI aod Will be loll imponant cumponall of NPDES storm wau:r
permits.

I>urin& the permit appliatioo process. storm WillCr monitoring was required
for rqulatcd mUDicipai jepanIe storm sewer sySlmlS (MS.41) ilIld srmm W21Cf

discharles Usociltcd with industrial activity. in p;eneral. the monitoring efforts
yielded imponant intanqatioa for NPDES stonII wa1Cr pcrmi1 writen u well itS

foe the permiaecs.

As a rault of the monilDrinp; efforu. EPA and the NPDES ilUthori.zed
Swes will be able to wrire Qi.lom1 IIDnD wa= discharce permits. Such
informarioo will abo eoIwJoe disdwr;en' ability to tlriCl pollUlaIIl IOUJ'Ce3 what
desiping SUlnJI WillCr llWlil&ement pro~ and pollution prevention plms.
However. " number of other imporunt 1.es.IOns have ilia been Iarncd that should
Ulow pcnnittinp; authorities and the regublcd cummunity to simplify aDd
strenp;thal stann wuer monitorinp; in the future.

For cumple. lIWIy of the mooitorinp; efforts conducted during the pcrnUt
application process may IlQ( provide coSl-effectivc fccdb<tc.k to :&dj US! lIWU&eJnent
stnIqies. EPA is loomp; a.t _YI to improve municipal SlOrm water morutonng
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to be mOTe efficic:nt and to derive the pcu.est benefits, espccia.lly WIder the lICnDS
of NPDES permits.

In addition, such improvements can be inalrpomcd whc:n the JeCOnd pbue
of the NPDES SlOmI water provam is implemented. For SlOmI water permits
issued to MS4s, SlOmI _ monitorinC IICeilU to be c:arefully planned and
dcsipcd ID aa:omplish useful IJWllOICS both in the Jhon-tenn and in the Joaa­
tenn for the rqub.tcd municipaliry, iu citizenry, as well as for the pcnninina
authoriry and for national trends monilOrinC purposes.

On the indusaia1 side, stonn _ IIlOIlitorinc must be ernptw;lza1 aJ •

valuable IDOl for assessinC the effectiveness of an industry's SlOmI waler poUutioa
s=vcntion plan and for eumininC pouible reocivin& water imJ*:U. Wlth
reliable sumn water cWa. 0lIl indusaia1 openIOr sbouId be able to dellr::rminc if
current pollutioa prevauioo~ are ldcqualC, 011 if Iddiliooal meuures,
and possibly II"e:UInCnt COlllrOls, will be 1ICICaSal}'.

BACKGROUND:

The NPDES JlI'OIRIII provides lbree 1DIj0ll IOO1s for requirinc aDd
collectinc IIlOIlitorinc data: permit applica!i.olu; permit requiraDalls; aDd
information requcst:s made pursuant to Sectioo 308 of the Clean Wau:r Act.
Permit applica.tiOlU are eeuenllY IWiooal requiraneDU which can provide •
mapsbot of the cI.i..sclIar&a- 00C1:~ five yean. CNPDES storm WaI2:r permits
are IISUa1.ly issued with & five year Ia'm.) MooiIDrinC 4a%a in permit appllauioos
is CCJICn1ly UXId fOIl the pwpose of JUPPOrtin& the isslIaDcc of the permit.

Although 30IIIC monitorinC requirements for NPDES permits are est3blisbed
in lWiooal rqulations, such as the effluent pidclines, most permit IIIOIIilorin&
requiremcnu arc estlblished by permit wrill:n 011 & permit-by-permit basil. This
provides a creat deal of flexibility to tliJor monilDrinc requirements to eKb
individual clUclw'Jer. 1.0 additioa, siDcc permits arc wriam fOIl • five-year 1la1D.
they can be UXId to require comprebauive monilOrin& procnms that have the
POCelllial to evallWe~ trends. Rajucst:s for infomwion IIIIdc:r Sectioa
308 of tile CWA arc usuaI1y dooe mon: 011 an aJ IICICaSal}' basis, and can
provide a DIC'rlynjsm to fill some of the caps &UOCiated with applicationJ aDd
monilOrinC requireme:nu in permits or ID aDJWCI' ocher DClCCSS&I')' pc:nIIittinJ
quesliOlU_

The NPDES procnrn tam two Va'Y diffcralt appr'OKbes to COOlrOllinC
poUUlants in SlOmI water disclwies. Under one approech, SlOmI wa1a'

requirements for indusaia1 bcilities are est3blished in permiu issued by EPA ot
by an authorized NPDES Stuc. The seallld &pproaCh ID SIDmI water cootrolJ is
through the involvement of municipal covemmenu. UDder this second approach,
EPA or authoriud NPDES Sttteslssue.-pamiu.-for-cliscIw:ies-from-mllllicipall-----------

ICpU2Ie storm sewer sy1ZI:mJ which require the mllllicipal permiace to develop
aDd implement mUDicipal sumn _ manqement prl)InIIU.

ODe of the majOll differences between the industtial and mllllicipral
approKhes is the~ flcribiliry aV&ilab1e ID develop monitorinl
procnms. At dUawcd below, the NPDES procnm relies heavily 011 the lUC of
&CIlCI':l.1 permits to authorize SlOmI waler dUdwies usociated with industrial
activity. 1.0 addition, indusaia1 sileS may be one of lIWIy sileS in & wau:nbcd. 011

withiJi & Stuc, that cIi.scharJes sumn WalI:r. Tbex bdon laid to limit
IIlOIlitDrinl efforts 10 evallWinC the IWlII'e of JlDmI WalI:r cliJchar&ed from • siIe
and evallWin& the effectiveness of the pollution preveution me&S\II'CI

impJ.emented &t the site.

On the otht:r hand, pe:rmitJ for mUD.icipral JqlUUI: SIOI'III JCWCI' sy1laDI
haft i much bm.der KXlpC which allows c:onsidcraUoo of more c:omprebauive
1DOIIi~ app!tJIclIes. At oriPWlY ulllillded, storm WalI:r IIlOIlitoriq duriD&
the lmD of the NPDES permit for rqu1alcd mllllicipa1l1ipU&11i storm IIIWCr

~ was to be • flexible piaD devdopcd by the mUllicipality. and approved by
the permiainc audIoriry, to meet· and support the purpoICI fOIl the IIIllIIi.IDriq that
the mbnicipality ilJdf identifies u imponmt.

~ for Mwaidpal SepuaI.e s.m Sewer S,- ~):
fot municipallCpU2le ItOnD JCWCI'sy1laDI (MS4) IaViD& a pnp"Jltioa

~ dian 100,000, IDOIIiIOrin& requiraDalts _ eIlablisbed aJ put of a~
part pCnnit applicuioa. FOIl tile put 1 permit app1iation , MS41 _ required
to n:port the resulu of ficId JCnlCIliD& effon:a to dcsiclct the pramce of dry­
waubi:r clischar&es. e.C.. illicit CDQDCIC:tioou ot ilIepl cIumpinc. Visual
obKrVuiooa. includiIIC siIIIpIe c:oIormc:aic IIiIU, of dry waIber f\owa _ 1Ucd
to assist in idaltifyinc illicil cooDl'll"tjOllI Tbex _ c:onduaed &t up to 500
majOll' storm sewer 'Y1laII outfalls. c!epmdinc 011 the size of !he municipality.
The put 2 permit appIicatioo fOCUJed 011 rqlOIItinc the results of wct-wsther
1DOIIilDriD& from repraenwive mllllicipal storm _ outDlls in a piaD approved
by tbC appropria1c pc:rmittinc authority.

Wet-walber IIIOlIitoriq requirmJents for the pan 2 permit applicatioo
iDcludcd IlIbmitW of quanti~data 011 pbysi.c:al and chanial dwKU:ristia of
the~ tUm from &t lcut ~ ID 10 rqweseu~ outDlls duriD& 3 SlDnD

events; estinwa of the &llDuai poUutaut IoId aDd evaIt mean aJCl(;IIIItration of the
cumulative c1isc:Iwles from &l1 kDown munic:ipaJ outfalh, and propos&! of a
JCb.cdule ID provide scuoaal DdinI aDd event _ aJCl(;IIIItI'&tion estimates for

c:oo.stitualts delcc:Icd durinC A1DpliDC for eKb lD&jor outfall.

Permiu for c1isc:Iwles from municipal JqlII'&lIi stomI _ systcmJ will
require--tbe--munieipral-pe:nniace-to develop-and-impLanent-municipal-sumn-wau:r •
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manqement procrmu which focus on implementin& lIOn-lnditiooa1 control
IDQSUI'CI for priority sites and areas. The JWun: of tbcte proJJ'2II1J presalts •
Dumber of opponuaities thatwdI~ monilOrin& proJJ'2II1J caD support.

MoDitoriDc Cor Storm Water DbcharIa AJIoclated with 1DduJtrial Actlrity:

The NPDES regulations provided tbRe different optima (or industtial
facilities with storm water clisc:lwJes to apply for permit COYCnIc: individual
applicarions; poup app1ications; and sUbmiaa1 o( a DOCice o( inllllU (NOI) 10 be
cow:rcd by a storm water CenenJ permiL Each option rqlI'CXDlS • cIiIIiDct
approach to ooIIcctinc mooitorinC dara.

Individual applications for most types o( storm water d.iJcharJes U'Ociated
with industrial activity require site-spacifil:: DamlIive infonnatioa, U wd1 U

. mooitorinC data from a reprelCDlaIive SlOCm eveat. Individual indusuial permit
applicarions requiRd DlOIlitorinC (or;

• Any pollutant limited in an e.tnllalt I\IideUDe to which the fac:iliry
is subject

• Any poUutant listed in tbe facility's NPDES permit foe its process
WUlCwater (If the facility bas an exiJti.nC NPDES pamit)

• O&G, pH, BOD.. COD, TSS, tota1 pbospborus, TKN,~ Dilrate
plus nitrile Ditrocea

poup applicatioo process wu inlaldcd 10 tIICOIIR&c similar types of industrial
facilities to partici~ in one data oolIeaion effort, lbcn:by compilinc
infomwioo 011 Ihc clasI of W:ilitics. EPA provided an inc:cnuve for industrial
facilities 10 panici~ in a JfllUP appliatioo by only rcquirinc a small
pc:rccII!aCc of tbe facilities in tbe poup 10 InoDitor, provided tbe W:ilitics were
n:pRKDlaIive o( tbe memben in tbe poup.

• DesiJD&ICd samplen in P'OUp applicarions were required 10 monitor for;

Oil and IJ'CUC
Biochemical oxYlea demand, S~y (BODS)
Cbemica1 oxYlea demand (COD)
ToaJ susprndrd solids (TSS)
ToaJ kjcldah1 nitro&ea (TICN)
Nitnl£ plus nitrile niaocea
ToaJ pbosphoruJ
pH
Any polluWl1 listed in an e.tnllCllt &uideline 10 which a facility is
subject
Any po1lUWlt listed in • process wutewaIer permit to which the
facility is subject
Any pollllWlt from a list of COIlveational, IOxic and baz.ardous
poIlutantJ that the openIDr of tbe bcility bad n:ason to believe
would bo pIaeDl in the diJcIIarIe from the bcility.

• Flow measurements or estinwes of the flow raI£. the tota1 amount
of cI.isctwlc (or the storm _u sampled, and tile met1ibd of
flow mc:uu.remeat or estimatilXl

The ACeacy developed Ihc poup application procas to IesXII tbe
monitorinC burdm on industrial facilities and 10 provide a 1ar&c, lWionalIy
COIllOlidatrd database of DlOIlitorinC data from c1aDCI of industrial facilities. The

• The date and duraI:ioa (ID boun) o( the storm _ts sampJaI,
rainfa11 meuuremmu 01' CItiIIWCI of !be storm evmt (Ill indlcs)
whidI cCllCBtcd !be sampled runoff, and !be time baM:cu !be
storm _t samplt.d and tile cud o( the previouJ measurable
(pater thaD 0.1 inch I1iDfalI) storm _t (in boun). 1D
addition, individual applications must contain • ccnitic:aIioa that
all storm water outfa1lJ have bcea I£Dd or evaluated (oe tile

prexnce of lIOlI-stonn - c1isl:IwJes.

• Any poUutant ImowD oe bdieved to be praeat [u requiied in 40
CFR 122.21(&)(7))

• SepanIc ana1Y'C1 were required for both • crab sample and a flow­
wei&hll:d composite ample. Grab amplcs, only, were required (or oil and
crease and pH. .

Over 6S.000 ind~ facilities reprcs.entin& 12S0 groups initi&lly
puticipatal in the crouP applicalioo process. Approxima1cly 3,SOO of these
indu.stria1 facilities provided storm water monitoriaC data. This daWJue
reprelCDu the !DOlt comprebeDsive coUectioo of storm water data from industrial
facilitia wcmbled 10 eWe.

The AJ=t:y is in !be proa:u o( finalizinC an innovaJive monilOrinC
approKh JlI'OIl'OKId in tile mu1ti-1CICtO£ industrial sunm water CeDen! permit based
on the data rca:ival durinC tbe crouP applicalioo process. EPA UJCd the data to
identify poUutanU of coocc:m for each industrial xetor. 10 help identify tUp
priority industries for fulUR monitorinc UDdc:r the permit, and for !Clc:ctinC the
most appropriate pollution prnaltion IJICUW'CI and BMPs. Under tbe proposed
multi-sector industrial permit, monitorinc for the bi&h priority ICCIOn is desiped
U aD incentive for industry 10 implemc:nt man: effective storm water pollution
prnaltioo plans. UDder thU incentive, if storm water mooilOrinC shOW1 that
pollutant cooa:ntntions are below specified lcvels, the industri.al facility DO

longc is mquiRd to monitor UDdc:r the permiL
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MUNICIPAL STORM WATER MONITORING RESULTS:

'To lI1ustrall: pocential UICS of wa·Matbc:r monilDrinC data in mppon of
municipal SlOI1D water lIWII&ement propams, hieJiliihts from the aties of
Austin, TIC. and Charloctc, NC and !be COUDties of Santa Clara Valley, CA IDd
Monicomery County, MD~ cI.iJcus-1 bdow. In Plitioo, • brief discussion is
~ 00 the WIC of monitorin& data !Xl support watcnbed planninl activities in
!be Stale of WIJCOIIJin. 1beIe eumples illustrall: bow storm water moaitorinl
bas lJi,eu put inID pnaice at various IeYels. It sbouId be empbuized that these
are DO( the only approaches tIw may be adopted. bcmt IlUdies lIIinl bioIo&ic:al
and babitlt U1MlJJlC'llts JUUCSl tbat tbae • awnbcr of cost-effective IEChniquc:s
ID aa:urately UJeII !be e:xtaIt of imJ*U UIOcillrd with JIDnD water cl.iJclwJes
(19,20,23,23, n, 28).

sa- W... MaaItoriDIIII AIIItIII. TX:

Collectioo of IatDpIes durinl • ItOnD evan meetin& these criteria abo
_ tbat the resultinl data will panny mon c:oasiIlaIt conditioaJ at eadI
siJe. : However, the pcnniain& aIIlhority was autIIoriad 10 approve modifiari(W'I

of tb1s dcfinitioa, espec:ialIy for app1ianlJ in arid II'CIU wbere tbae~ few
repraalwive eve:nts.

: To support ItOr1II water monilOriD& requirements, EPA publisbed • ItOr1II

waIU monitorinl pidaDc:e doc:ument that dcIeribcs in cIcWl !be meUIodJ wed for
stomi water di.Jchar&e monitorinl (S).

• When: feasible. !be cIqlch of IlIin and cIuIuioa of \be eve:nt sbouId
DO( vary by moretban ~ pcrca1t from !be avcrqe depth and
duration.

n- IddltioaalleClmical criteria wue establisbed !Xl: (1) ensure tIw
adequaIe flow would be cIiK:harJed; (2) allow IOlJlC build-up of poIlldalllS durin&
!be dry weather interVals; and (3) casurc: that !be IlDnII would be
°repzaenwive, ° (i.e.., typical foc \be area in terms of iJuensity, depth, IDd
duntioo).

The SlOIlll must be preceded by at least 72 hours of dry weather

The depth of the storm must be pater than 0.1 inch
accumulation

•

•

Uockr 40 CPR §l22.21(&)(7), specific SlOnn event criteria wue defined
within which sumo water sampling was requiRld !Xl be conducted:

The NPDES rqul&tions provide that permits for most types of storm waIU

discharles associ lied with industrial activity must, at a minimum, require
dischargers 10 conduct annual site inspc:ctioos 10 identity 3OIII'Ca of pollutmts ID
SlOml _ and evaluale pollution pn:ventioo mc:asuIa. ThU requirement doeI
not preclude the establishment of additional monitorin& requirements 011 • cue­
by-ase basis by the permit writer.

EPA bas initially latI=d eIu.tes of iDdllltrial facilities that need ID coaduc:t
SlOnn wa1er rnonilOrinC 011 \be basis of available infomwiOll and bell
profcssiona.l judlemenL Monitorin& requirements ~ Inlcllded ID bdp rqu1a.lon
and pcrmiw::a identify :IOW'CCS of poIlutioa at bc:ilities, evaluate the risk poacd
by the stann water di.scIwIes. evallWC the effectiveness of control measures and
establish a d.a.labase lD support more applicable and effective pc:nnil requiremcnlJ
in the fun=.

The baseline sumn wau:r Cenera! permit Wued by EPA for industrial
activities provide that most types of facilities do JlO( have ID c:ooduct moniJorin,.
but must conduet the annual txlmpliance site evalualion. Under Ibis permit,
priority facilities that are thouBht 10 prexnt higher risIts have been required ID
a>nduet chemical monitoring of their SUlnn water c1iJclwIes in additioa ID
conductinC \be annual inspectioos.

For any NPDES pcnnittce monilDrinc thcir sumn water dixIJarle, data
txlllcction proca1UJa described in ~ CPR 1122.21<1>(7) are requiRld ID be
followed. Analytical mctbods are requiml !Xl be conducted in IollCOr'dance with
40 CFR Pan 136.

Most sumn water Cenera! permits for industry do I\()( require monilOrinC
data to be submitted durinC application for coYer.IIe. GenenI permits for SlOI1D
Viatcr may identity Wierzd c:Wscs of facilities 10 conduct IIIOIIilorinC u •
condition of the permiL SevenI betan have belped shape the approKbes 10
developinC IIlOIlitorinB requirements in permits for sumn water diJclIarJes
UJlX1a 1cd with industrial activity. includinC the larJe number of facilities that
need !Xl be covered by permits, difficulties in sample txlllcaiOll, and variability of
data.

Austin. TIC bas maiDlained • SUlnD water mooilOriD& procram for aver 10
~ The JlIUlIl* of !be procnm is ID collect iDfomwioa 011 !be quality of
urbu runoff, evallWC \be pcrlonaaac:c of sauaunJ QOl\ttols, and 10 support the
development of dc:siIJI &uideJines for SlOI1D water quality QOl\ttolJ (16). The
impents for this proJIUII was ID IUppOCt efforu at JlfOUlCtinc Jevera.1
environmentally sensitive watenbeds. 1beIe wuenheds serve U I JOUIt:e of
IJ;'OUDllwatcr RlCba.rie 10 the Edwards Aquifer wllich diK:llarJes 10 Bartoo Sprincs
(an imponant RlCR2Ii00 resource) Or 10 two !aka tbat serve u lbe primary

___________________________________________-----'drUW.i!1 water SUWl~ for tile al)'. The JtOnn water monitorin&~ in these •
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w:ur:nbeds also coincides with the city's most Slringent wau:nhed prola:tioo
ordirwIocs.'

In _ five year summary of resulu (1984 10 1988). the city monitored at
seven siteS conespond.ing to walenhcds or ea.tclunenu ranging from 3 to 371
a.crcs in Jiz.e (16)'. The pen:entlle of impervious cover at these sites ranged
from 3" to 9S". With the exception. of the conuol waItnbcd and _ low-<lcnsity
residentially developed siLe. aU other watersheds or e::au:bma1u had suuctura1
coatrob that provided detention and/or filtratioo.

A sepam.e study of sampling clara (11) resulted in a number of fiDdinp
includinc:

• Typically, first flush ooncentmionJ were nocably bieber as
compared 10 -venae c:ooceotntiolls from _ JUbICqUClll xria of
sampled nmotr inlerVals;

• Austin's apc:ric:ncc revealed that _ majority of poUutanlJ arc not
wubcd away from impeMOUJ surfaces durinc the first ~/2 iDcb
of nmotr. AJ the amount of impervious surface incrcucs, tbcn:
is _ gcnenlly neptive traId in the pc:n:m1 removed in the first
1/2 inch of runoff as the volume of nmotr increases; &04,

• A si&Dificant poUUlJIIt loedin& will continue to c:Wl if sljJnn
waIC" controls arc dcsipcd to ooly treat the first 1/2" of nmoff.
The proponioo of IlIltreatcd ruooff increuca as the pcn:emqe of
impervious CXM:r incn:asca.

In addition. analysis of rainfall &Dd sampling data resulted in the
devdopment of pen:ent annual poUUlJIIt 10eding c:urves cxpre:ued on !be basis of
runoff amount &Dd dqrce of impeMOUJ CXM:r. An additiooaI Sllldy of' .
monitorinC data (1984 10 1989) yie1dcd estitnatcs of removal efficil:Dcics for
various suuctunJ coouolJ (18). The Sllldy also c:umincd the effects or. desi&D
and mainu:naooe OIl removal dficialcy. The resulu arc uxd as _ basis of
maintainin& desip JUiddinea far IlOmI waIC" quality cooaol SIlUCIUlCS (15).

I Austin's storm waIC" monitoring JlI'OII'&1D is also WJ!Dellted by _ cooperuive
monitoring propam with USGS.

"The sites monillnd included one undeveIDpcd watenbcd Iel"Ving as _ control.
four c:au:tunenu coinciding with either low or medium density residential
development, one bigh-i1cvclopcd mix between residential and commcrcial and
one highly devdopcd commc:rcial. Five of the seven sites were subsWltially
below 100 acres in size.

Charlotte, NC lD-Stram Water Quallly Problan Rat1ul Scheme:

The City of Clwtouc, NC has developed a stream problem mine system
which is desiincd 10 cIJanclcrize and prioritize stream segments based on a series
of poUllWlt paramc:ICl'S believed 10 re.flcaive of the water quality alIId.itionJ in
the sm:am sqmcnt (14). More specifically, the City has developed limitin&
cooccna-a.tioo ranges for a number of indicator pollutants which arc segreptcd
inlO three action ming levels; No Action, Watch, and Action. In order 10
develop a reliable nIing system, the City lXlIlSUlled numc:rouJ infomwion
scurca currently in existence, e.g., NC Sanitation Foundation Index, NCW~
Quality Index, 305(b) reporu, and water quality standards for the Stue of North
Carolina. Specific range limiu were established for dWolved oxygen, fcc:al
colifonn, PO.-P, No,-N, BOD.. IOtai solids. pH. tuIbidity, lead, and zinc. An
exoccdancc frequency wu thc:n developed for each pollutant which csa.blished
the Dumber of times a limiting cooccntratioo could be cxecedcd before a meam
sqmcnt wu clas.silied by an action 1tveI. Using the data.bue capabilities of _
Geop2p1lic lnfomwioo SySleUl (GIS). monitoring dala were then soncd in order
10 csa.blish an action ItveI for each stteam xgmc:nt.'

The City also developed an action-level correlation nwrix for each
indicaIor pollutant based on typical pollllWlt sources or activities. ibex sources
or activities include; COQSll'UCtion nmoff. sanitary sewers. feniliz.c:r applic:arioo,
industrial facilities, tranIpClrUIion. illicit COlIIlCctions. agriculture runoff.
wa=wau:r tnallIlent plUlt d.i.scharJes, residential runoff. and animal waste. The
IIWrix can then be used' 10 invatiplc the tDOSllikdy source of a problem based
on tile action levd prodllCcd for an individual stteam JqIDeIlL The nwrix docs
not provide sufficient information to e:ualy dclermine the problem JOW'CC(s),
bowever, the matrix~ provide _ sw1ing point far further investigation.

Sausa C1aBV~ Noo-poiDt Soan:e Pollutloa CoIIlro1 Provam:

Santa Clan Valley Water Distrid (SCVWD) is the lead or managing
lIeIIC}' werking in coopc:ratioo with 14 other California mwticipalities~g
issues related to DOO-point IOW'CC pollution coouol. The purpoJe of monitoring
foc:uxs largely (II collecting data nca:ssary to assess compliance with a copper
WUle- !oed allocatioo establisbc:d for the San Francisco Bay (a 304(1) listcd
W&II:rbody) &lid 10 monitor for pollulJDU that have c:awcd frequent exccc:dancc3
of numeric water quality Qbjcaives (WQO) (24).

'Analysis of da.ta from Charloac's Put 2 Permit Applic:atioo indiC21C that for 27
individual stream segmenu, that the majority of the monitored stre:arn segmenu
were rated as eitbcr Action or Watch for aU indicator pollutanu except for total
solids and pH.
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In their FY92-FY93 Annual Report. Santa Clan Valley lqlOrted that acule

wate' quality objectives are frequently exceeded for toal copper and toal zinc,
and sometimes for lOW lead. Similarly. chronic wate' quality objectives are
frequentl y exccedcd for IOta! copper. tota1 zinc. and lOta1 lead. The Report
funber ROleS tIw acute exaedanccs ....ere not observed for \be dissolved metl1
c:ona:nua.r:ions and intrcqucnt chronic exCCQianccs were oblCrVcd for diualved
mctLIs. Chemical ilIWyses were performed on f\ow-wei&hLcd composite sarnpks
collcctcd from 3eVCraI in-stram monitorin& stations. The results of dle toxicity
tcstine revealed lhaI collcctcd samples were toxic 10 uriod.lJphnill. boweYC'. leSt
results w~ variable based on period of \be sc:asoo lhaI samples were collcc:led.

Statistical analysis of the d2.I3. revaJed that lonC-lemI trend :analysis could
be performed for a number of polluWlU at rwo sm:am IWions (oae in !be
Guadalupe River and one in Coyote Creek). Convcnely, data variability wu
observed 10 be muc.b &JQ1cr at rwo other in-stream IWions (CaIabuu Credc and
Sunnyvale East Channel). The Annual Report noted lbat swi.slicaI DIdbods
would allow for croupine of \be d2.I3. for IonC-lI:nD trend analysis from Ca1abaDs
station with lhaI of Guadalupe River and Coyote Credc stations. ~,
c:ncnsive cIwUlelization in \be Sunnyvale East Owmd is believed to be a reuoa
lhaI monilOrine d2.I3. canncx be used with other stations for IonC-lI:nD lrCIId
analysis (24).

In cooa:n with lheir monilDriDC sttaIqy, Santa Oara Valley bas iDJzituled
a comprehensive~ identification procnm to iddtify potential JOUI'CCS and
1aDd IUCS suspeacd of contributinC Ji&nificant IIDOUDtS of lDxic IIICIa1s. For
example. Santa Clara Valley recently complet.ed a study of \be contributioo of
heavy meWs from aulOmotive brakE p8ds (Woochnrd-Qyde 1994). The resu1ts
of this study suUest lhaI brakE pads could potentially contribute 00 aVCl1l&C
between S3". 3", and 6" of the toal lIIDuai loads for copper, lead. and zinc,
respectively". Santa Clan Valley bas also instituted a. IOXicity conlJ'01 procnm
(fCP) in an effon 10 identify appropriate measures lD rcd\lClC lDXic:iry.

IIIIUre (CoC., antIu'opoJeftic enrichment of sttQDIbed Jcdiments. dqndation of
aquatic babiw. and lou of bClllbos and fish species diversity) and c:aDIIOC be
e:xclusivdy aaributed to urban nIIIOff quality akInc. CoMalllClltly, tbc County is
proposin& 10 \IJC bio",essmnl! ll:lChniques. COIIIJllemCllled with physic:aland
sm:am babiW UICSSmCIItS.

The County's sttaIqy indudes !be colleai.oa of budiDe data occ:euary for
!be deve10pmaIt of bioqia1 waIa' quality crilaia and aJVisions the eYCIIaW
devdopment of aqWlli.c: life \IJC clasaes tbaI contain biololical, cbI:mical. and
physical aminment crill:ria. This approKh is apecud lD provide !be basis of
cooductinc 10nc lemI lrCIId _ts of reccivinc waIa' quality (29).

For example. \be County IUgeslS tbaI !be dqrce of impairmCIll could be
ploacd alone the entire rach of a sm:am qmcnl, similar to an approKh
e:urraidy in~ by Ohio EPA. Thole areas which indiale si&Dificaot
impaitrnent would be spec:i.fic:a11y~ for funbc:r iDveItiplion and would
also serve as a basis of documentinc manqClllCll1 procram effectivmess. The
County's propo3cd monitorin& procnm is inu:Dded to n:1lect tbc IIIOVCIIICIU
toWanu bo1istic appiilllCbel to OCOI,IlCiU prllCIlC:tioo.

!'

~ DNR Priortty Watenbed 1'IaDDlD&:
!
In recent yean. Uumt:rOUl Slala and mUDicipalitia have instituted

~ve wa.a:nbed planninc JlI'llCI=UCI em ItDI1D walEr rnanqeme:ut.
WIJCOIIIin ONR bas atablisbed 'walenbed appnllICb as J*t of its Priority
Warersbed P1anninC J>rocram (21). The procnm COIlsisu of three major
compooents; l priority warrnbed plan, an enpneeriua feasibility study, and an
implemenwion phase.

Tha'e are a Dumber of c1anaIts COlItaiDed within the priority waIlCI1bed
plan, tbey indudc:

b.

... ~ 01 Carnat aDd o.lnd BeMlkIal 0-:' 'Ibis
danCIll includes results of fish and benthos swveys tbaI quantify
existine levels of \IJC. Other habitat surveys may also be
induded.

Problem EnJuadoR: This element includes evaluation of
problems Lut are COlItributinCto impWment of the waIa' resource
and. the:reiore. prevenQne the aminment of desicnaJed \IJCI.

Evaluations~ included babitat and stre:UIlbank inventoria lD
determine the suitability of~ 10 support different aqWlli.c:

'Estimat.es for copper ran~ed from approxirnately 19" 10 7S" of the total annual life bendicial \IJCI. This infomwion in conjunction with
load 10 South San Franc:isco Bay. SirniLlrly, the ranee for lead and zinc wen: fish/beDthos-sur-veys-c:an then-be-used-lD-del.ennine-tbc-eJilalt oC --.
estilIWCd to be approxirnately between 1" to." and 2" lD 9". respectively.

M0lrt&omery COUDty. MD's AherDatin MoDiloriD& Stnua:

Montgomery County, MD is a M~ rquialI:d UDder Phue I of the NPDES
Stonn Wau:z Prop2lJl. The Counry is proposinc an altemative lD the hisIoricaI
emphasis on accurnulatine chemical and physical wata' quality data (29). The
County has noted lhaI focu.sine exclusively on II1Iditiona1 monitorinC appnlIIChes,
Le.• chemical-specific monitorine. iJ not necessarily the most appropriaIe means
for accurately usessine impacts usoc:iaJed with SlOnD wata'. In~. the
County =gnizes tlw the effects of storm water clischar&es are cwnulative in
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IIlnfomwion on land use type was provided for 36 sarnplin& sites.

b. Flood.1q aDd Dralnaee IIeDdlU of Water QualllJ Coatrolr.
SL\MM annat be used 10 perform hydraulic analyses. therefore
drainqe or local floodinC conditions may be requind 10
determine the potential benefits of xlectin& locations for SlOnD
WIllr:r quality COlItrols.

L Silt Speciflc Ala AullabWty, aDd Gl"llUDd..ter and
1nfUtnt1oa CoadWoas: This elemCllt considers potential options
for locatinc controls. includinC retrofit opportunities. Other
conside:rations include identification of sites 10 promote infiltration
provided infiltntion rates and 1J"OUIIdwate:r condiooru satisfy
esablisbcd standards.

The second major component of the Wuconsin Priority Wa1l:rsbcd Planninl
procram is !be en&inccrin& feasibility analysu wllich follows the completioo of
the~ plan. Since, the~ plm is sttuelUrcd around &enc:nl land
\IJC e:atqones. the CII&inccnn& feasibility ~ysis allows for considcntion of site
specific conditions within a particular wa1CnlIcd or basin thai may limit or
prohibit tbe use of control stmeglCS identified in the watenhcd plm.

Residential and commercial areas ~lCd an estimated 31 "
and 27" of sites sampled. respcc:tivelyll;

Approxima1cly 96" of the sampled sites corresponded 10 a single
land use c1assiticalioo;

•

•

The final OOlI1poocnt of the plannin& process is the implementation pha.se
which entails tbc development of a cost-sIwini agreement Usinl information
from the previous p!annin& SIepS, tbe agreement specifically identifies types of
COSl-1llanb1e projects tJw maYeli&ib1e for IIIIl.Chin& Slate fwlds.

EPA aIxJ~ available samplinl da!a and infomwinn from 23
municipal part 2 permit~ Ioa!ed lhrouihout the U.S. The purpose of
thiJ review waJ 10 obtain a paler appreciation of the cffaru involved in
col1ectinl SlDnn water ~linC da!a and 10 pin some insipts on the results. Of
tbe3e 23 municipalities, Jl 1easl 104 provided some samplin& da!a whicll cou1d be
used for further analym. Due 10 the subsuntial differences in the amount of
samJilinl data bctwcc:n Municipalities and p.ps in daD., tbiJ paper docs DOt

aaeznpt to draw conclusions about natiooaI amds with respccl 10 the pollutant
COIICCIllnlioo values.. However, sufficient information was available from pcnnit
appl iali,.,s , to support some Icncra! observations:

impairment and 10 idenlify possible SDUr'CCI lXlnttibUtinC to tbe
impairmalt'.

c. Souras of Problam: This element addresses specific problem
SOUI'CC3 thai ue bdi.eved 10 be conttibutinC 10 rcccivin& wuer
impairment A dUtiDc:t aspect of thiJ element of the procram is
iu extensive use of the Soun:e u.dinC and Mana&eme:nt Model
(Pin 1991). Unlib many other urban runoff mode1J in pncticc,
SLAMM was specifialIy dcsi&ncd u a planninc 1001 for SlOr1II

wuer quality tnanIIement IDd did 11(I( oricinale u a flood corurol
planninl IDd dcsip tool.

Since IlOml wuer impactl are priDcipally cumu1aJ:ive in 1lIlUI'e, SLAMM
dati. inpuu focus on wate:nIlcd and land \IJC devdoplllalt cbaraclcristic:.
Corucqucntly, SLAMM is inlt:Dded to provide infcmwion 00 the sicnificancc of
diffcn:nt JOW'CCS, coolrol measure:s, IDd drainace chanclI:riJlia on urban nmoff
quality".

e. SeJedioD of Urba.a Ruuotr CoDtrol aDd Habitat ImproftlDalt
Procram: In thiJ eiemalt, the most effective cootrol sn-aiqy is
JCIt:acd after coosidcrinl ocbc:r pt'OIJ'IIIllIWi baon inc.Iudinc
cost.

d. ldentUlatloa and EnluatioD of Suitable Source Area.
I>ramace System, Outtall, and RecetYiDc Water CoatroII:
Ooc:e problem SOW'l:CS (pollutants and flows) have been idcDtificd,
thiJ clcmc:nt fOCllXS on the ICIeaion of different lXlntrol
1ll'Ilqies. In pan:icular, xlectinC tbe individual or mix of
cootrob effective in rcmovinC tbe types of polllllal1ll found, e.c.,
paniculaIc VL dissolved mews. SLAMM model oulpUt includes
pollUWIt concauratioas (puticuI.ate cit dWolved). flow. IDd
euimale cootrol COIlS 00 an areal basis.

'For e:amplc, !be inability of urban rc3OW'CCS 10 meet lbcir dcsicnated IIXS waJ

frequently anribulD1to periodic fioodinC and poor wuer quality. The results of
lbeac evaluatillllS could Icad to the adopOoo of leals 10 reduce sm:ambank
erosion. inc1udin1 emblishinl flow reductions in order 10 prevCllt flusbinC of
spawnin& areas IDd proccction of fish refu&e areas (22).

I"SLAMM represents a D"Ideoff between the COSl of e::xtelsive data colla:tioo and

providinc information 10 support plannin& Icvel dccision-makinl. 11 also provides
an opportunity 10 quidly consider the casu and benc.tits of many different
control sttalqies. The deveJopmalt of SLAMM's specifically focuxs on tbe
hydrological c:hanct.c:risti of frequcnt small sumn CVCIIts whicll an: critic:a1 in
SlOr1II water quality investiplions (21. 22).
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• The mc:dWl sizJc DC the eau:hmcnlJ or W&Ia'Jheds samplal wu

estinwed at " acres and nnced in sizJc from 8 10 2,m lIa'CSD •
TABLE 1

• Tbc mcd.im value for sampled walCnhcd impcrviouJ area wu INDUSTRIAL SECTORS/GROUP APPLICATIONS
estirnaIed a1 47".

SECTOR ACTIVITIES REPRESENTED

• The avenge number of sampled sites was estirnaIed 10 be 6. and 1 Tunber and Wood Producu
nnced from 3 10 10. 2 PIner and AllIed Producu

• The median and averagc number of sampled SlOmI events wu 3 Chemicals and Allied Produca

estinwed 10 be 7 and 12, rcspectivdy. An CSl:imued 80" oC the ·4 Lubricants and Anl/Wt Producu

municipalities sampled more than the minimum 3 repracllwive 5 Stone ClIY. Glass and Conc:me Producu
events required. Approximately 47" sampled more than 10 6 Primarv McQJ Industries
sumn eYcnts.

'7 Ore MininE and DrasinE

• Approximately 8 mllllicipalities rcporud tIw IIDr1II eYcnl 8 Coal Minin.

c:haracIcristics were oonsiJlenl with EPA aila'ia or satistial ·9 Oil and Gas Extraction
modifications in the aiteria by Stile pcnniainc 1IIlhoritic:s. Most '10 MinenI Minin. and Drasin.
mllllicipalities reponed difficulties with 1lUt-slop eYallJ, mcain&

11 Ruardous Waste Trcannent Slm'I.c or I>i.mmal Facilitiesthe 72 houn of dry-weather, lIldIor achievinC a toeal niDfall
12 Industtial Landfills Land ADDlication Sites and Oocn Dumvsacaunulation CJ'eI1Ct than 0.1 inch.

·13 Used MOlDr Vdticlc Puts

RESULTS OF GROUP APPLICATION MONITORING:
'i4 ~ and Waste Mala'ia1s

1..5 Str:am Electric Power Genemin. Facilities

The diJcharce data collected UDder the NPDES Storm Water Group .16 R.ailroad Tnnmorution Vdticlc MainliCllallCle Areas

Application procas iJ perhaps the Iar&est and most COiDpidw::wive industrial .17 VdIiclc MaiDIaWICC Anu a1 Truck TetmiDals, Bus TetmiDals,
JUmn wau:r discharJc data set compiled 10 dale. The data let includes tbc Bulk Petroleum StatiOilS and PotIal Service Facilities
mooilDrinC results from approxinwdy 3,500 industtial bcilities which~ ,18 WaterT 'on Vehiele MainIaWlCC Areas
scl.cetcd as rcpn:x:nwive of their larJer industty croups. The data includes 19 Shio Buildin. and

..
and Boat Buildinr: and

..
results coUected from a wide variety of indUSUial activities. It includes dam

20 Air Tnnsoonation Vdticlc MaintawICC Areassubmitted by manufacturinC fxilities with little~ of activities 10 stmm
Wa1.cr such as dcetronie manufacturinC fxilities 10 bcilities with hip dqrces oC 22 Domestie WasteWater Trcannenl Plants
exposure such as scnp rccyclinc fxilities. Tablc I IiJlJ the XiClOrS of indu.suia1 .2) Food and lCindn:d Producu and Tobacal Produca
activities for which data was ru:cived and analyzed.

24 TatiJc Mill Produca. and ADOU'CI and Other Fabric Produca

Umbtla.. at the Group AppUadoD Data: 25 Furniture and Fixtures

26 Printin. Publi.shinr: and Allied lndumies
There are, bowever, a number oC Iimiwions 10 the data let which sbou1d be 27 Rubber and Mi3C. Plastic Producu

coruidcn:d when anaIyzinc and tn'icwinC the data. The foUowinC~ 28 LeathcT and Lc:ather Producadcse:ribc 30nlC of these IimiwiOilS.
29 Fabricated McQJ Producu

30 ~u.suia1 and Commctial MaI:hincry. aDd TransportUion
uiDment

31 Ela:tronie and other E1eeaica1 Equipmml and Compooa1ts.

I~ d0C3 nOl include sc:vcnl ~cds monitored by USGS which ranced in McasurinC.~&, and Conli'01linClnstnuncnts;

su.c from 4,032 acres (6.3 sq. mil 10 74,240 (22.3 sq. mi.). PhOlOrniohie Ootical Goods: Wau:llcs and CloeD

-
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Moaltorinc FadlItJes Wen Not Sdec:ted Randomly:

The facilitie3 wllich~dcsi~ as samplcn in the group appfu2rioo
process~ not !Clected at random. The &J"OIIp application requircmenu
established a number of cnteria which the mOlUlOnnc sub-JTOIIP was required CO
satisfy. 1llcsc criteria. which an: described in the J=Vious sec:tioo. wen:
dcslgned 10 ensure Ccognphic distribulioo. aDd rqnacntation of the variouJ
siplificant materials and mau:rial rnanaecmcat praail:a. EPA required a &J"OIIP
10 satisfy these criteria pnor 10 approvinJ Pan 1 of the applicariOll. EPA c1id DOt
require the &J"OIIps 10 randomly xled their facilities. therefore once tbc
application cnteria~ sa.tisficd. a JIOUP orpnizcr bad discrctioo in tbc
selection facilities 10 be monicored.

Monltorinc and ADaIr- Wen: Typlc:ally Pa'f0l"lDed for Only Oue
Storm EnDt:

The TCiuJ.ations require facilities ID submit analytical resulu for sampIca
collected from one representative storm event (sec the previous sec:tioo tor a
discussioo of the rcprcscntative storm event requircmcnu). A Ji&nilicant
majority of the facilities limited tbc:ir monicorinc 10 one storm event. tbercforc
the data docs DOl mlcct any vuiatioo in conccntntioo that may oocur at a
facility from storm CVCI1l 10 storm event.

Only IWf of the Dcsipated Samp&en Arc lDcludcd In the Data:

There were C1Vf:r 6.800 dcsignatM samplcn from the approved &J"OIIP
applications. bowcYcr. only about 3.:500 of thcx facilities submiual data by lbc
dc:adlincs for EPA 10 incorporate thc:ir data inID lbc analyscs. The mnaining
facilitica were DOl able to mea the applicatioD deadline primarily due CO a lack of
representative storm evenu durin& tbc time frame in whicb tbcy inll:Ddcd lD
ample.

MoIlitoriDl and ADalyxs Wen: Pa'formed by the PumIt AppIIauds:

All data were submiual to EPA by the pcmUt appli.canU. None of the
monilOring or analyses were performed by lbc Agency. Applicanu wen required
10 collect sample3 tn acamlanoe with the rcgu1anoru IIIldcr ~ CFR Pan 122.21
and anaIyscs were required 10 be performed in accordana: with appnMld
mctIwds under ~ CFR Pan 136.

hmUl ApplicaDts Dctcrmlaed If They Were Required to Sample for •
PortioIl or the PoUutaDts:

Within put vn.C of the Storm Water Permit Applicatioa fann 2F thc:rc arc
a number of poUUWllS which an applicant is required 10 sample if be or sbe
"knows or has rcuoo 10 believe· ... an: pracnt in an effluenl based on an
evaluation of the cxpeclCd USoC. production. or S!OraIe of the pollutant ac an any
previous anaIr- for the pollUWlt·

Analyses of the Group ApplJcat10n MoDitoriD& Data:

Group application monilOrinC data were enlC'ed inlO a data Iwc for
anaIyscs. Applicant's mooitonnC data were e:ategoriud into one of 31 industry
SCClOrs (Sec Table 1). CatqorizaIion was based upon the Standard lndUlUia!

Clas.sifi.c:ati (SIC) aldc of the facility when provided. or upon the IWTa1ive
descriptioo of the industrial activities at the facility when an SIC aldc was not
included in the applica1ioo. Dm within each JCCtDI' was anaIyu:d scpan.tcly.

Prior CO analyses. uniu for each of lIic pollutant data values were
Sl2I\dardized 10 m&fL (except pH. fecal coliform and scwnI other poUutanU not
measured in m&lL). Pollutant values reported as bcIow ddcetioo limit. or not
cIetec:ted were usipcd a cooccnrratioo of 0.0 m&fL fae tbc swisticaI analylCS.

Analyses of the data were performed usmc the UNIVARIATE procedure of
SAS (SAS is a SWUtica! anaIyscs software pacbge dcvc10ped by the SAS
InstitulC). For each pollulant sampled at Icast once within each sector. tbc
fullowinC swistics were calcul.ted~

Total Number of Observations. .
Total Number of Non-Dcu:cu Reported.
Total Number of Dctecu Reported.
Mean ConcenlJ'atioo.
Standard Deviation
Minimum Coocaur'atioo.
Maximum Concentration.
Median Cooccntratioo (the cooccnrratioo which was p-eatcr than half of tbc
values reponed).
9Sth Pcn:auilc Conccntratioo (tbc cooccntratioo which was pcater than 9S
pcn:cnt of lIJc val~ reponed). and
99th Pero:s1tile Conccntralioo (the cooccntratioo which was pealer than 99
pcn:cnt of lIJc valllllS reported).

Statistics were c:alcuIated scpamdy for the crab ample3 and for the flow
proponiooaJ samples. T~le3 2 aDd 3 present a portion of tbc resulu of the
analYJeS. Table 2 lists median poUuta.nt cooocntratioo of lbc crab sample3 for
select pol!Ulanu. Table 3 lisu median pollutant cooocntrations of flow
proportiooa1 composilC ~ple3 for select pollUlanu.

Use or the Group Application Data In Paml1 Deftlopmcat:

The resullS of lbc irouP applicatioo data analylCS were utili=! by the
pcmUt writen 10 devdop lariClCd pollutioo prcvcnl10ll plan n:quircmcau and CO
sclcct indusuicI aDd pol!UlaIIu for tunbcr 1lIOIliIDrinc.

Permit writen utiliud the mooitorinc data co identify pollutanu wbich an:
IDzly CO be praa11 in high conocntraliollJ for an industry scaor. They then
i.dcDtilUd lbc poccntial sources of the poUUCIIIU and sclcal:d pollutioo prevention
mca.sura ac sttuaural controls '\'hich could be practicably implcmcoted or
installed at an industrial facility.

Denlopmcllt of Paml1 MonItorin& RequinmeDts:

The scIoc:rion of industry SCClDn for monitorinc under the ternu of the
pcmUt was based in pan upoo the resulu of the crouP applicatioo monilOnnc
data. Discharge3 from the following industries were identified as requiring
analytical morntoring as a result of the priontizarion analysis: facilitie3 enPied
in wood preserving or wood surncc treumcnl. chemical and allied producu
manufa.cturing bcilitie3. concrete and clay producu manubaurinC bcilities.

17 Swietlik • 18 Swietlilc
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Table 1 - MedIan POUU1aDl Coocentrat.lom (mafI)

In Gl'1lb Sam les or lndu5trial Storm Water DIsc.b nes

Set. BOD, COD TSS TXN NO, T* T* T* T*
NO, P a. JIb Za

I I) III 2.2 \.6 0.32 0.29 0.03 o.n
2 I 61 .1 1.1 O.SO 0.11

l 7 51 ~ 1.9 0.10 0.2A 0.01 0.01 0.2A

• 7 ., 9) 1.1 0.30 0.14

S ,
" 200 \.2 0.60 0.21 0.02 0.01 0.14

6 11 71 72 2.0 0.61 0.17 0.10 0.02 0.45

7 9 71 .w:l 2.6 0.73 0.30 0.1. 0.00 0-'9

I 2 6 ISO 2.6 O.~ 0.04

9 10 n " 0.1 O.IS 0.11

10 , ]] III 1.1 0.6.5 0.10

11 12 .1 121 1.3 O.SO 0.10

12 7 31 633 1.1 O.SO o.SO 0.01

J] 6 61 111 \.9 0.13 Q.OS

I. 9 110 14. 2.1 0.61 0.29 0.26 0.21 UO

IS 4 ]] " J.) 0.36 029 0.00 0.00 O.OS

16 6 III 172 U 0.92 os.
17 I ~ 104 \.4 0.60 OIn 0.01 0.01 0.13

II 7 9) 135 1.6 0.60 0.10 O.OS 0.22

19 3 n 17 \.0 0.72 0.00 0.13 0.04

20 I " 29 \.6 0.•1 0.10 0.03 0.02 0.01

22 12 69 6. U \.09 0.30 0.01 0.00 0.07

23 14 77 7) 2.4 0..56 0.56 0.04 0.01 0.21

24 I 44 36 1.7 0.)9 0.1' 0.01 0.02 0.19

lS 9 I) 130 1'.7 0.90 0.10 0.04 0.71

26 9 49 30 J.j 0.12 0.14 0.03 0.03 o.n
27 7 3) " \.4 0." 0.19 0.00 0.19

2. 11 n .9 4.) \.20 0.16

19 I 36 76 \.4 0.74 0.22 0.03 0.00 0.36

lO 6 )6 30 1.3 0." 0.14 0.01 0.00 0.20

1I 6 46 29 \.0 0.'. 0.1) 0.00 0.00 0.09

Table 3 - MedIan PoOutaDt CoaceDtntlom (m&II) Ia Flo... ProportloaaI
ComDO! Ite Samllies or lDduslriaI Storm Water DI5cba~

s-. laD, COD TSS TXN
:~ T* T* T* T*

p Clo JIb z..

I 17 122 no J.j 0.33 0.30 0.03 0.30

:2 I 'I I) 1.1 0.47 0.16

3 6 41 25 1.7 0.12 0.22 0.00 0.01 0.24

• 4 50 46 1.0 0.3 0.13

; 4 " 149 1.0 0.60 0.23 0.04 0.01 0.11, I 60 69 1.6 0.77 0.14 0.07 0.02 0.43

7 6 160 330 3.2 0.16 0.31 0.09 O.OS 0.66

I 4 14 251 U 0.61 0.00

t 7 92 .. 0.9 0.12 0.07

10 , n 2M 0.' 0.76 0.2A

i1 7 34 n 0.9 0.34 0.09

12 4 21 no 1.0 0-'0 0.31 0.11

13 6 60 226 I.' 1.31 0.11

I:' 9 110 IS 2.2 0.10 0.2!l 0.22 0.22 1.70

r, 4 J9 ~ 1.0 0.45 0.27 0.02 0.07 0.06

III 6 19 90 1.4 0.71 0.45

I' 6 .. «7 1.1 o.n 0.30 0.01 0.00 0.11

18 6 51 61 0.' 0.6.5 0.17 0.00 0.21

lP I 21 I 1.0 0.72 0.06 0.09 0.01

10 5 36 22 1.4 0.43 0.10 0.04

22 I 61 56 1.3 0.17 0." 0.02 0.00 0.06

23 11 63 S. 2.0 0.33 0." 0.03 0.01 0.2A

2A 7 n 22 1.$ O.~ 0.11 0.01 0.03 0.21

U 6 7) '1 1.3 0.61 0.19 0.00 0.40

26 6 )9 21 0.' I.OS 0.1) 0.03 o.n
Xl 7 43 30 1.2 0.«7 0.16 O.OS 0.2A

21 10 SO 16 l..S 0.9 0.11

29 7 .. n 1.2 0.76 0.21 0.02 0.00 0.21

30 , 29 17 1.1 0.45 o.n 0.01 0.00 0.14

31 5 2A 14 1.01 0.51 0.16 0.00 0.00 0.09
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primary mc:WJ facilities, ore minin~ and drcssinC facilities, landfills and land
applicarion sites,~ and waste aweriaI procc:ssinJ. and recycling faci1ities,
su::un electric Cenc:rmng faci1ities, ship and boat building and n:pair yanla. waste
water tnamlCnt worla, food and kindred prodUCl3 facilities, 1eaIhcr tmning and
finishing W:ilities, and bbricalcd mctLI producu facilities.

The COocmtntJOD 01 poIh!tanb III __ water clIscharIes nrieI widely
amoq (adllt.Ies wtthID &II lDdUlU'1 JeClor aad bd_ the dlfTerau iDdDIIry
sectors. A Dumber of facton influence the COIICCDtratWn of pallutanU in SIOnD
water d.isciw'&es UMCiI.td with industrial activities. including: tbc &DlOUIlt and
types of mar.crials cxpoacd 10 SlDnn wau:r; the amount and intmsity of rainfall;
and the types of best~t pracnccs employcd at a bc:ility. Given !be
Dumber of f2.cton influ=ng pollutant COIICCDtntions. and the wide variarioo in
cooditioru at the facilities CODdueting sampling. it is DOC a surprise that dix:barJe
concallrwOlU of pallutants vary a great deal. Fi&llf'CS 1 and 2 illustrall: t;bi.J
variation for toca.I suspc:nded solids (TSS) cona:ntratiom in SIOnII water
di.scbarges. Figure 1 is a plot of the cumulative dismbutioo of TSS
conc:cnrrarions in diJcharles from all indusuy KCUJn. Figure 2 is a plot of the
cumulative TSS cona::lIIra1JIX dimibution for diJcharles only from JCnp '.
n:cycling facilities. .

The hiPat po!IutaDt t:lIDCaItn1loIa Weft gmeralIy rDUDd at lndustries
with the maR IDdustrial ac1!Yity~ to __ water. While indusUial
activity is DOl the only bctor that intlumces tbc~ of pallutants iii SIOnD
water. the data do show that there are gcuerally higher conccntratiom of .
pollUlallu found in sumn water diJcbarges from facilities wbere the majority of
activities are performed 0Uld00n U oppoICl1lO flICilities~ activity gCllC2lly
tam pl.&ce indoon. Figures 3... and' ~ compare tbc 1evc1J of pallutants from
three high exposure indusaies (ore mining and dreuing. indusaia11aDdfilb and
scnp n:cycling flICilities) 10 three low aposure industn.es (turnitun: and 6xnue
manubcluring. printing and publishinc, and el.ectronic equipment and Lnwumeut
manufacnuinJ). F~ 3 compares median cona:nlfaIions for tIIrec convention.al
poUUCLDD. FtJW'C" oompare:s median concentratioos foe nulricnu and FiJure S
compares lDCldWI COIICCDtntiOlU of mecaIs.

Obserntions Dutnd rl"lllll the Group Applk:atioD Dal.a:

Despite the limitatiOlU discIwcd. thc data collected throu~b thc NPDFS
SUlnn water &fOUP application proc:eu contains a great deal of infonnatioll
regarding the quality of stoml water d.i.scIlarJCS associ'ttd with indusaia1 activity.
The following two c:umplc:s are illusuanve of this pven the analyses performed
10 date.
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MONITORING NEEDS IN THE FUTURE:

MumdpaJ Storm W.t.u MonitoriD&:

ReYisioD of Munlclpal AppllatlOD Requirements:

The existing NPDES permit applicatioo requiremenu for discharges from
municipal separaIe IlDTm sewer systems serving a popularion of 100,000 or men
were designed to provide infomwion for lint rowId permiu. A IIlIjor Coal of
these applications was to provide an initial de3cription of the system and itJ
<lischar&es. The application used :& nUlllbcr of IOUl'CCS of infomwion to address
this goa..l. including rwnti~ de3criptions of land use. ninfall daa.. sile

. inspectlOfU of selected OIItfalls to ICnIal for probletnl asSOC; 2 ted with IIOll-IlOnD
water disclwies and limiLed disctwce monitoring data. As municipaillDnD
water programs evolve. issues such as program effectiveness and identificatioa of
specific wau:r quality problems become more important 10 that limiLed resources
ClII be more dfecnvely tareacd 10 address thae problemJ.

In addition. site-spec:ifi.c requirements for moaitoring prognnu will Jive
individual municipalities directioo to their moaitorinc efforu. These faculn will
cIw1ge the monitoring requirements in future municil*l1lOl'm wata' permit
applications. This cIw1ge in empIwis may result in I shift (rom diJcllarp
monilOring to the use of a1tem:&t1ve morutoring tools IUclI as cnviroommtal
indicatDrs.

. For many types !,f D\unicipai storm wata' COllttOls! .munici?a1itiet wi!!- be
required to Identify pnonocs for unp1aDcnW1Oll. PriPriocs for ampicma:lDng
oootrois will be based 00 a Dumber of faaDn. including the potential for
dischuges to cause or COlltribULe to water quality impacts. lbe nature of the
dischuge. and the effectiVCIICSI of potential management measures. tile
Ceognphic loeatioo of the municipality, the siz;e and~ of ru:civinC water body
and !he resourc:es ava.i\.ablc to the municipality. Providing useful infllI'DWioa to
eva!lWC these ta.ctDn should be :& major coosiden.tioo in the devdopmeat of
morutoring requiremmu in pamits for mWlicipal separate IlOI'm 3Cwer sysrems
(MS4s).

In addition. application requirements mlllt be devdoped for Illy additioaal
"PIwe U" municipal separate IlOI'm 3Cwer systems that arc brought unda' the
NPDES program ID the future. One Coal of the NPDES program for municipal
sepr:&!21e storm sewer sySlaTIS will be to' saoogly eDCO\II'1Ige municipalitiet to tUz
regional and wala'Shcd approachc:s that invol~ inc.enction and coordi.natioo
amongst muaicipalitiet. One critical prognmmatic step that ClII be takc1 to
encourage reJiooalJwa.cenhed approaclIes is to synchronize the resubmiaal of
appJiC:&l1OOl tar municipal separate IUlf1II sewer systems currently subject to the

, prognrn with the lint time submiaal of applications for IlIITOWldinC "suburban"
Phase n municipalities. Failure to~ thex submiaals will crcatlY
decrease opponunities for municipalities to CXlOrdinaLe storm wata' monitorinC
efforts. and may result in independent, IIIlCOOf'liinaL efforts by individual
municipalities.

Use of Blolocla1 Assessment Methods:

Given the complex nature of IlDTm water impacts and anemptlto put issues
usociaLed with IIlban runoff quality in the proper oootext with othe:r lIIDOtI

rdaJed problemJ <e.e., flooding, aquatic habilal ciqJadatioa, and xdimau
CIIridlmCIlt), one: prevailing miJcona:pcioo is tile Deed to fOCUJ aclusively 011
urbaD lIIDOff quality.

Despile the empbuis in tile permit ~1icationon pollution prevmtiOll and
idaltifyinc poa:ntial poUutant JOUtCa, it is unponaDt to be aware of tile
IianifICallCC of ocbeJ COlltributing 1OUJ'Ca. More 3peCifiaIly, pnaica whidI
produce c:xa:ssive amounu of IlUlOff, frequently result in substantial a1teratioos to
lIqU&IU: habitat. e.g., saambank crosioG, saambed instability, lou of mule
areas, anthropoJcnic-cnriclunall of bed JlldimaIu. fiushinC of juvmile aquatic
life forms, and Jilwioo of spawninc areas. An c:umplc from the Stall: of Ohio
iUustralI:S Ibis point.

I.-oas from Ohio'. EcoJoP:al A I lent Procram:

:Ohio I'llCaItly adoptmd IlWllCric bioloJical crillCria for its SlalC Wiler Quality
SlaIIdardJ (WQS). A COlDplIriJoa betweeD lIICa.IlU'ed bioloJical impUnDcnt and
c:baDicaI wata' quality criteria nceedaooc frequency~ that biolocical
~ was ev1dcnt in nearly ~" of uacued JqIllCDlS~ 110 ambieD1
c:baD1ca1 wata' quality criteria exceed'nces oc:cumd (27). 1biJ rau.U could
IlIgest that chemiaJ wata' quality criteria arc DOt JtrinJCIIl alOUp, boweYer,
Ohio·obla'Ved that in cues where ClIl1y bioIop:aI impUnDcnt was obla'Ved, the
~ of imp:airma1t, priDcipaUy low cl.i.uoIved CJXYIaIIorpnic mrichllV'ftt,
habiw a1la'alion. and silllllioD, an: DOt clirectIy lIICa.IlU'ed by chcmica1 spcci6c
moo.iIorin&. with the cxccptioa of low diJaoIved oxypD•

.ChcmicaI cauIM of inrpmrmau were oMaved in 30.7" O(.-.d.
oqmmn Hownu, the ability to daect chcmica1 exceedanra is beavily
c!c:pcnt!mt 011 ocbeJ factDn JUCb U ldeqlllle samplin& frequency and tbe xIecIiOll
of moailDriDC puameICrS. MeR imponantly, bowever, Ohio's expcri.moe
~ that both cbemicaI and DOO-CbcmiaI C3IIJCS ClII simuilaDDOUSly
CllIl!ribute to binlocial impainnalt wbich is ClIl1y evident using bioux:amcDt
tD:hniques (27, 28). .

Llmitat10lll of Chtmk:aJ.Spedf1c MoaltartDc:

AI IIOla! aboYl:. a pn:vai.lin& miJconceptioo is that IIIOIIitDrin& requirmIaIlJ
durin& the permit tam mlllt fOCUl exclusively 011 c:banial-specifu:~.
Chemial-specific moaitorin& does DOt necaari.ly result in a cood n:pracntalJOll
of reCeiving _ imp8cu clue to JlOnD wata' di.JclwJcs. Funhcrmorc. rdying
CXIa1Sively 00 cIIcmicLI-specifu: mooiIDriDC cIm. U I buis of prioritizinc the
invesuDeDt of raourteI could lad to inadequate aJVen&e of otbcr arca.s that an:
palEr IDlII'Ca of ru:civinC wata' impairmalls. Numc:rous papers 00 Ibis JUbjClCt
have IIOlIld the JJUwinI trald to UJC otba' lllCbniqucs (e.g., biOlUC'srnents.
habiw evallWions. and sedimalt analysis) for useuinC rcceivinC _ impeas
(19, 20. 23. 25. 27, 28).

MonitoriD& Durin& the Pt:rmlt Term:

The regulations. as Ihey apply mooitDring durinC the pamit tenD. do not
specifically require MS-4s 10 paform cbemical-specifu: monilOrinC only. The
rquWions provide flexibility to a MS4 to dcsip a monilDrinC program to
IlIpport the objectives of tbar storm wata' lIlaDIJement program. HoweYa'.
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MS4s should tala: inle c:oosidcntioo thRe sirnifiant faaon when cIcsi&nin& a
monilOnng prop-am:

1. Complying with the statutory provision lha1 effectively prohibits
non-SlOnn water c1iJchaI&es IDle SlOnn sewers;

2. Infomwion ID support a deu:rminaIion lha1 pollUWlls are bc:iDg
redllCCld le me manmum e:xu:ot pncticable; and

'The implicarioru of each of these points are di.sc:Iwcd below.

NoD-Storm Wala'D1scharIes:

The StllUtory provision reprdini tile effective prohibition 00 lIOO-stonD
water diJcharles to SlOmI sewers is Wrly spccific. J:pA apccu that 6dd
screemnc for illicit COIIDeCtioos and ilIepI dumping will cootinuc durin& tile
pcmUt tam as a DlOlUtorinC oondition. However, II is abo expcdCd lbal MS4a
will we the resulu of prew:lUS ICRlCIIinC efforu to CIlablisb Ioog lC'ID priorities
based on some appropria1e mWng crirau, e.g., proxunity to SCDSiIive fCCCiviD&
waters. c:xu:nt of dinlctIy conna:Uld impcrviow cover, use of nw awcia1s ill
indusuial manufactunng, qe of S)'SlCm, pocr:ntia1 for inflow from saniIary
sewers, and evuIenc:e of put problems.

AdUe'riD& the Maximum Eneut PradJc:a.b1e Standard:

Moni1oring prognnu can provide informatioa to support a dct=niDatioa
lbal the SIOI"DI water lIW1a&emcDt JlrO&l&DI is Rducinl the amount of pollUW1ll lD
tile maximum CXlCllt JnClicable. MS4s may eIcct to coodllCt IooC-t.t:rm m:od
analysis as a basis of supporting estimatea that pol1UWlt are ill faa being
Rduccd. However, lIIlClbods Olbc:r than c:hcmicaI-spccifu: moniIOring may be
UJed as a basis ot meeting the MEP SWIdUd.

MS41 may propose to use other a1t.ernative monitoring assessment .
techniques. e.g., biouscssmenu. habitat evaluatioos, sediment quality analysis,
eu:, 10 demonstraIe long ternI tre:DdI. EPA nx:ogniz&:3 lbal ill many~,
MS4s do DOt possess the iII-bowe c:xpc:rti.se to perform IUdI usessmenll.
However, a number ot Swcs are alrcady performing IUdI UlCllmCDU and may
be ready IOW'a: of iIItorma.tioo.

Some faaon lbal should be lXlIlSideRd ill advaDcc before adopc:inc aD

a1tcnWive DlOlUlOring approach include:

• The type ot uscssmc:nt ll:Chnique to employ, e.g., IWI2Iive
biousessment vs. multi-metr.c indices IUdI as tile lnda ot BioW:
Intqrity (IBI) or lnvertebrale Community 1ndcx (leI);

• Current Stale rqulations and practices;

• The C:XlCllt to which basins or Vollcnhcds are impectcd by Olbc:r
stresson:

3. Information le support a ddaminaIioo as lD wbelher di.sctw'res
from MS4s are or are no! auaiIung applicable Stale water quality
standards.

• Availability of applicable teehnical and Jcienti fie expertise;

• limitations of assessment lCCbniques;

• Experience of in-house penon.W; and,

• Cost.
From the penpective of a MS4, cost of monitoring will be an important

COlICCrtI. However, expcncnces from Ohio's ecological assessment program
reveal lha1 the COil of usinC bloassessment leChruques is very competitive with
cbemicaI-spcc:i1ic monitorinC.

AIt,lnmm t of Wala' Quallty SlaDdards:

The ability of stann water disclwges from MS4s to meet applicable Stale
water quality SWldard.s remains an imponant issue but is n:quiRd under the
c:um:nt StlIUtory framework. Numc:rou.s orgaruzarions and municipalities have
uscru:d tIw suclI a goal is neither n:alisric or achievable because of the wUquc
upec:u of storm wale' c1iJchaI&es. while othen maintain c:um:nt water quality
staIldard.s are DOt applicable to wet weather discharges. This is a compl.c:x issue
and man: comp1.elc mswe:n wiU require tunber iIIvestigaiion. Given the
cumulative effects of S\OI1D wale' discharges 00 m:ci.VII1g water quality and the
sipUfu:ance of other taaon such as runoff quantity, habiw altennons, gcology,
and bydrornodifu:alioos. future SIOr1D water lIlOIlilOnng programs wiU li.k:cly
evolve from an emphasis on c:hcmicaI-spccific monitonng alone, to one lha1 more
fully iIIrqmes otbcr lIlClbods IUdI as the \IX of envuonmcntal indicalOrs.

IDdustrial Storm Water'MooItoriDc:

EYllh.IatJ.q ElCedlftDrSl ol Geuera.I Ptrmlts for 1Ddustrial Facll1t.1es:

NPDES pcmUl.1 for SlOt1II water discharges associated with industrial
activity arc \IIIli.kc NPDES ~ts tor traditional sourczs such as sewage
trc:amICIIt pWll.1 and indpsuiaI pnx:as wutcwaten in that !bey genc:rallY do not
rely on the we ot nlUIlCJic ef1111C1lt limiwioru. Ra1hcr, most NPDES permits for
SlOt1II water disot:ba.qes JSsocia"'r! with indusaial activity have n:qw=l the
implemmwioo ot pollution prevention mc:a.sures and best management pnaica
(liMPs). While tile pollution pn:ventioolBMP approach bas a number of
prognmma.tic advanta&lIS, a major disadvanta&e of this approach is lha1 it
becomes~ difficult 10 evalu.ue the effccnveness ot the pcmUt n:quirements.
E.Dsunn& tbal pollution prevention pl.uu are effective should be a key objccnve ot
industrial IlOI1Il _ moniIOring.

EPA iJ CUlTCItly rcvioewinC a number of methods to evalu.ue the
effectiveness ot pcmut n:quirements for stann waICI' diJcharles usooa1cd with
indllJlri.al activity and S\OI1D water monitorinc =W1.1 may play an important part
ill this effon. lbcse include identifying lIICUUrCS, IUdI as me number ot
indllJlri.al bcilities tba1 have obWnod permit coverage and lha1 have pn:parcd
pol1ution pn:vention pl.uu to c:ontrol tbeir JIOr1ll water. reviewing select poUution
pn:vention plans 10 c:xtnet unique, innovative and creative teeluuqt1C3 tor stann
waler.cooaol. oooducting pollunon prevcnoon plan audits of a:rwn hi~ ,,"onty
faciliaes, working WIth industry tr2d.e USOCW!ons and Olhc:r groups to lII.itallve
coopcnrive effaru 10 UICSS tile effectiVC2ICSI of pcmul.1 for industrial SIOnn
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waIer, imp1emclting environmental indicalon. and possibly coUeaing &lid
malyring trends in SlDnn wa.LCf monitoring results (or industtial c1i.JclwIen
~ tile COUDtry,

AJ more NPDES permitting is condueted on I waIel'Sbed basis. monilDrin&
of indllSlIUl SIOmI water diJclwies will be nc:a:uary for devdopina Stale
WlICnhcd stnlqics. identifying IIigh priomy soun::es within waICnI1cdJ and for
calcuWin& wutdoad allocanons tor pcrmittin& ptII"pOSCS.

.SUMMARY:

Due 10 the IIltUre of sumn water impacts. it it c:xpec:uld tba1 municipal
storm Wlt.er moniumng progranu will evolve aver time as MS41 pin p12IeI'
familiariry with site-specific SUlnn water problems. Given tbatllWly MS41 an:
dealing with wues of SlOnn Wl1Cr quality for tile lint time. monilOrin& procrams
can be cxpcc1cd 10 vary in lhcir complany and NPDES ItDmI waIE:r pcrmittin&
can allow tor WI flexibility. EPA also rccogniza tba1 cost of DlOIlitorin& will
also be I significant f3c1Dr. however. EPA enc:ounces MS41 lD dcsip
monilOrin& programs 1Iw yicId wefuI infomwioo to support tbeir IlDnD wala
IIWIaIcment proeram. To accomplish this. municipalltDml waIE:r moai~
effom mlUl be carefully desicncd with • specific proJIUIUII&ric JIUI1lOIC in miDd,
and lhcII the IIlOSl approprWe monilDrinllD01s sbouId be JCIa:lIld lD meet this
purpose.

Municipal SlOmI water monilDl'in& procrams can be desi&Ded lD IUppQI't
specific loW. includ.in&:

mngjtoriq for ct.aicaI-IpClcific pcamden or IaXicity, '*-WlYIo
bicw'· , Mb babiIat u·"m "" i1IIa.m IIIOIIiItwmI IDd 8iimeDt
mngjtnrilll. oitJen:a1 pis for •~ IlilInD wu:r 'm'DlI"""" JlIOIIUl
caD be bat mpportDd by cIiffena1 tDOGilinriJl& appiCw:bea.

F« IlilInD wala dbc::IIar.- .. i_I widl iDduIUial activity, IlDnII waIE:r
moai'Princ a1Jo pIay1 811 imponaDt ro&c. MoaiJInriD& can. aDd sbouId be, u-.1 at
ecrtaiIl iDdumial aetiYUieI II) dIIII:rIIIiDI wtIicII poIlulDII an of CllIICenI aDd~
lD be addJaaIld by tbe pollUIioa pawweatioD pI.ul. MoaiJInriD& can a1Jo be u-.1 lD
asacaJ pocauia1 CIIYirtJamaIIal impKu of tbe IlilInD wu:r cIiJcbarIc. In addition,
tbe ClIIIOiIII~ of tbe IlDnII __ polluciaa~piaD can be
aueacd by tr¥.Idn& pollUl8Jlldi_O\'a' time IIIOIt ImportuU1Y. where
necessary, IIIOIIiIDrin& of biIb-;-taciliiia caD be required lD~ compliaDce
wUh applicab.Ie -= quality IWIdards.

•

•

••

••••

ldmlifyincJcvaluarin& pollUlaDt LeYds of cIiIcbarIeI from areas
and siIes:
EvallWin hydnu1ic conditions;
~& lbe perfOl'1lWlCt of IpClci1ic coorrols and JlIVYidinI
infomwioa to support site-specific BMP desipIs;
Evaluarin& lbe l7Y'CR11 cffcetlVClleSS of a IlDnD waIE:r manqemmt
prognm:
IdentifyiJlI waIa' quality impKu lIDdIor tRnds in waIE:r quality;
E.stiDwincJrefinin& esrimala of polIU!aDt adinp;
SupportiJIa watershed proc.ectioaIPIanninl dJons: &lid.
SuP{lOtting plIysi.ca1. chemic:a1 and biolQlical nxmnents of
rca:lVlD& walen.

With the iniliaI impIemcntlIion of NPDES requiremmts for IlDnD waIE:r. a
number of ay questions and issues have IllJaI in rdatioaship lD tbe purJlOIC &lid
methods far moailoring. Underlyinl lhe3e questioas &lid issues it tbe cmtral
Joa! of tryin& lD find the approprW.e mix of moniIaring tools to 1ft informatioo
m a cost-effective manner to successfully imp1emcllt NPDES IlDnD waIE:r
prognms. Monitoring approtIChes developed UDder tbe NPDES IlDnD waIE:r
program should CXlllSidc:r I broad Jet ot DlOIIIlDl'in& lD01s. includin& enviroomeDtai
indie:uon. ThiJ is~y true due lD the inll:mliaan naDIrC of IlDnD wala
diJcbugcs; the significant vanability of poUUCIIlts in IlDnD WlIer, and tbe
difficWlI.cS in corrda.ting cnd~f-pipe storm water cIi..Ic:barIe daIa dira:tly lD wala
quality impacts and benefits.

EPA anticipates that I number of monitorin& approaches will play a part in
______-Jw...uni,cipllLstolllLllt'&la.-.moniumnll-straJqieUJLthcJuwre, including:_diJcllaqe__ •
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POLICY AND XNS'tIIUIIOHAL ISSUKB OF NPDU NOH:ITOJUNaI

LOCAL HtJN:ICIPAL PDSpaC'r:IVKS OP STOJlNNATD NONXTOIl:ING

Doug B&rrisanIII

Abstract

On the basis of an increasing body of work, it seems
clear stormwater cannot, within the limits of exist1ng
resources, be characterized sufficiently accurately to
determine the appropriateness or effectiveness of the
stormwater quality controls local agencies are required
to implement. Paradoxically, it ia likely monitoring
activities will divert, critical funding away from
activities which could actually improve stormwater
quality.

The Stormwater Quality Mandate

The Congress, in enact'ing the Water Quality Act of
1987 attempted to clarify the stormwar.er obligations
created by the Clean Water Act. In short, Congress
imposed two basic mandates on municipalities thar. owned
and operated stormwater systems.

J

This presentation reviews the stormwater program
lIIAJ1date 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. '

1.

2.

effectively prohibit non-stormwater
discharges into the storm sewers"; and

.~ the discharge of pollutants to
the maximum extent practicable
(emphasis added) 121

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
permi t regulations. Frustrated by the obligalfion 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 program of
scientific Deasurement was encouraging.

Implementation of the lII&ndated stormwater monitoring
programs through the NPDES permits promised llelp in
defining the physical and chemical character ot urban
stormwater. In addition, these monitoring efforts
promised the ability to identify the long-term changes
produced by the stormwater permit prpgrams.
Unfortunately, the optimism generated by anticip~ion of
solid stormwater quality data is rapidly deter10rating.

lc.eneral Manaq_rISecret.&ry. rr••no Metropolit.a.n Flood Control Dieer1ct
5." E. OllV. Avenue. Freeno CA '37::1'

To demonstrate "reduet:ion " , which is the obvious
teat of cOCllPliance with the Congressional mandate, a
local municipality must first establish the currenr.
volume of pollutants being discharged. Secondly, the
municipality m~t then determine, with accuracy at leasr.
equal to that in the initial determination, how much of
the pollutants preViously discharged are no longer being
discharged. To arrive at this deteI1llination. the
cOllllllUOity must, of course, be able to distinguish ber._en
the changes in pollutant discharges caused by factors
unrelated to the controls and those produced wholly by
the controls.

To insure thar. these measurements are produced, the
atormwater NPDES program regulation promulgar.ed by EPA
(November 16, 1990) added certain monir.on.ng requ1.rements
to the congressional ~...ndate. The regulation esr.ablished
a r.wo-part applicat10n process which leads to an NPDES
permit for the stormwater sysr.em. Monitoring
requirements are contained in each of these three
elements.

'woA. It.7
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Part I ApplicatiQn Requires'

• . . . quantitative data de.cribing the volume and
quality of di.ch.argas from the arunicipal .tQrm
Bewer

3.

••
5.

What harm naB it cauBed?

How dQ you propo.e to reduce it?

How much did you reduce it?

descriptiQn Qf known water quality
impacts."

a field Bcreel:' 'lg analyBis fQr illicit
cQnnectings And illegal dumping.

Given the a.BUIIlPtion that it vas poBBible tQ
getlerate data wh:i.ch would prQvide anBwars to theBe
questiQna, the requirement fQr local municipalities tQ
prQduce anB_r. vaB logical. what is now in dQubt
however, is the validity Qf the underlying a.BumptiQn.

Part II ApplicatiQn Requires'

provide infQrmatiQn characterizing the
quality And quantity Qf diBchArgee from
repreBentative outfalle ... ;"

estimates Qf the annual pollutant load of
cumulative dischArges and the event _an
cQncentration Qf the cumulative dischargeB .
frQm all identified municipal outfalls for
lepacified con.tituente)."

Permit Program RequireB'

" . . . monitoring program fQr repreBentative data
collectiQn fQr the tarm Qf the permit ... "

monitQr and control pollutantB in
stQrmwater diBCnarge. tQ municipal "YBtema from
. industrial facilitieB .

"ABBe._ent Qf CQntrol.; e.tilllAted reductions in
loadings of pollutante from diechArge. of municipal
BtQrm Bewer ByBtems ... "

If, in fact, it iB nQt poBBible to accurately anBwar
theBe queBtions the municipality ia left in purBuit Qf a
mandate wh:i.ch devours re.ource. without any means of
datermining raBulte or benefit.. Of even more CQncern,
municipalitiee are left without 0 defense for allegatiol18
of· violation of the CWA.

The critical RQle Qf Monitoring in the StQrmwAter NPDES
Pr6aram

BecauBe of the previoUB conclu.iQn, the
ju.tificatiQn and the potential for lJUCce.B or failure of
the BtQrmwater NPDES permit program i. anchored to the
monitoring element of the mandate. Only with accurate
quantification of the Btormwater problem, its .curce. and
the ach:i.evable reeults can the .torMWater program
maintain ita political priority, jUBtify the allocation
of, re.ourceB, and provide the neceB.ary means Qf
enforcement. Clearly, the CongreBaional lIIAndate fQr
buBineBs and local government to &pend hundreda of
milliQn. Qf dQllar. annually on Btormwater quality _B
Bold on the baBiB tnat preliminary concluBions generated
by NURP could be Irptlcifically confirmed and quantified by
a nation-wide permit driven monitoring program.

In shQrt, the regulation praBcribing the elementB of
the permit program and related application proceBB,
outlined five questiQns local agencie. arc required tQ
answer:

HQw much pollutant is being diBcharged?

identificatiQn
improvements or degradations

•

The Multiple Obiectiyes of Stormwater Monitoring

BecauBe of the inherent dependency of the .tormwater
regulatory effort on the program'B monitoring component,
that component haB been aBBigned a variety of diverBe
objective. by the many key partie. of intere.t.

ActiviBtB, regulatorB and legi.lotors mUBt u.e
the monitoring proce.. to demonstrate tnat
stormwater pollution is, in fact, a major
controllable source Qf adverBe environmental
impacts, warranting the ...sive expenditures

______________________________~r~e~qu~~~·~r~e~d~t~o~~achieve "clean-up". •

qualityof water
.UI

Where is it coming from?2.

1..

~KPA. "ove~r 1'. 1"0
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Many other interests also color the structure of the
monitoring program. Some are involved for the pure
de~ight of research; others have an interest shaped by a
profit and loss statement.

Recognizing that much monitoring and research ia 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.

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 ~rmit,

with the structure of each of the permit monitoring
programs being determined at the discretion· of a
re~atively 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 ..
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 programa.
Some are conducting research on beneficial use impacts;
others are examining sources. Some are examining land
use differences while others try to explain hydxologic
impacts. SOllie are still trying to determine how
storrowater discharges differ from traditional; point
source discharges. and others are evaluating available
forme of pollutants in the stormwater. Some may even be
trying to do it all. Certainly, because of its
complexities, every municipality could conduct ~ocused
stormwater quality research unique to their loca~e, and
many permit writers are appear~ng to require it.

It has long been recognized that the vari..bles
associated with urban runoff, which include the limitless
multiplicity of sources, the episodic nature of runoff
events, t.he massive magnitude of source areas and flow
volumes, and the unknown assimilative capability of
receiving wat.ers, prevented any hope of discreet cause
and effect findings from stormwater monitoring.
Expectations were high, however. that changes in 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 effectivenes•.

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 po~icy makers and administratore to demonstrate that
the dollars invested will produce a verifiable result.

Unfortunately, a growing body of evidence is
suggesting that, a. currently structured, our storrowater
monitoring prog;-am 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.

Cost estimates defining stormwater program needs
have been a. detailed as the use attainability analysis
performed by the City and· County of Sacramento (S2. 0
billion, local need) .'" Others, like EPA's 1992 Needs
surver, Report to Congress (Sl16.5 million. national
need) " have excluded virtually all implementation costs
associated wit.h the storrowater NPDES permit program
requirements.

The matter of stormwater program costs has been
hotly debated. Estimates to fully implement the
congressional mandate have ranged from the absurd~y low
levels present.ed by EPA in its November 1990 regulation
(S14. 5 mi~lion annually) ,.,' to the fearfully high levels
estimated by the APWA, Southern california Chapter in May
1992 (S542. 0 billion annually) . '"I

Relationship Between Monitoring Costs and Stormwater
~ar.m Cost.s

·USEPA, NoV'etaber 1'. 1"0

:~~~~~~::::~l~::~

interests must demonstrate that
use specific sources can be

measured to support the civil and
actions brought against CWA

Municipalities and business require data which
will support the diversion of financial
resources to storrowater quality, and to
differentiate between inefficient controls and
those which are cost effective.

Enforcement
site and
accurately
criminal
violAtors.

•

•
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However, recent work by.Woodward-Clyde (which will

be reviewed at this conference) has produced conclusions
which cre.te reservations about the validity of even this
more conservative expectation. Specifically, Woodward­
Clyde" 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 me••ured with any significant
confidence.

The Woodw.rd-Clyde .nalysis 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 80\ confidence • 20\ change in
copper concentrations. This contr1lsts with the
monitoring plan which wae to be made a condition of the
Fresno NPDES permit, that plan propo.ing 15 samples per
year. However, we now know that at 15 samples, the
Fresno progr.m has only • 15\ chance of detecting a 20\
change over the 10 year test period ..

Correspondingly, Woodward-Clyde's work indicat.s it
will be much easier to detect large changes in the long­
term etormwater quality trend lines. , For example, again
in the Fresno california case, the planned 15 sample per'
year program has a 4e\ chance of detecting • 30\
reduction, and a 79\ chance of detecting a 40\ reduction.

The obvious cave.t for program managers is the
imperative of insuring that the control program creates
a big change in stormw.ter quality. If not, your
monitoring program is not likely to detect the impact at
any significant confidence l.vel.

The significance of this information to etormwater
program managers can be s.en 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 struccured, the Fresno area NPDES
stormwater permit program will expend SloSS million
dollars over the next ten years on monitoring (.ssumes
annual expenditures of 1994 levels), but will .chieve
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 progr.m must
increase monitoring expenditures to S5.33 million; .nd to
reach the 80\ confidence level it must expend S5. 84
million.

Stated another _y, the permit program now .llocates
:21\ of the program budget to monitoring. To incre.se the
confidence level of the monitoring re.ults to 50\, the
percentage of the permit program re.ources allocated to
monitoring IllWtt incr.ase to 27\. To achieve the eO\
confidence level, 41\ of the program's resources IllWtt be
dir.cted to monitoring.

.' Correspondingly of course, incre.ses in the
monitoring budget d.cr.... other elements of the
.tormwater program such 'a. public .ducation, legal
e.n(orcement, or - heaven forbid - annual reporting. This
place. before the local program manager the unique
dil*_ of III&Ximizing expenditures that are lik.ly to
produce a change in .tormwater quality, while pur.uing a
"low conf idence" IIIOnitoring program; or, incr.a. ing the
cortfidence level of the IIIOnitoring by reducing the thing.
which are llicely to improve sto%1llWater quality. The
otber option, of course, is simply to divert more IIIOney
from oth.r municipal n••ds to invest more in stormwater
1II011itoring.

Arguing strongly for restr1lint in inflating
motUtoring budgets, in addition to the r.sultant
reduction in stormwater control pr1lctices, ie the related'
difficulty in id.ntifying the cause of an observed change
in'stormwater quality. Even at the 80\ confidence level
of detecting. change, it remains doubtful the monitoring
program can identify with any confidence, the cause of
the change detected. Whether it wa. the program it.elf,
SOllle specific element of the program, or some other
series of events, that produced the observed change ie
likely to remain an import&nt unknown.

The scope of this issue becomes more visible when
statewide and nationwide impacts of raising the
monitoring confidence level are considered. While an
.dmittedly primitive approach, the Fre.no program can be
used to create such an estimate. If it can be assumed
Fresno is relatively representative of the atormwater
monitoring programs in California, it can be eatimated
that annual stormw.ter monitoring activity would have to
increaae 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 S13.9 million to reach
the 80\ confidence level.

7 Harrison B Harrison
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TAIILZ NO. 1

Monitoring Costs To Detect a 20\
Change in Stormwater Quality

(10 Year Test Period; Fresno CAl
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Ten Year Monitoring Program Costs

(Annual costs in 1994 dollars; sampling,
laboratory, and analytical costs only, excludes
equipment and ~nstallation.)

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 IlIWlicipalities (35.4\ of all permitted
cOallllWlities are in CAlifornia) ''', it is possible to
estimate the confidence level cost impact on • national
basis. On this basis, the nationwide cost to achieve the
20\ confidence level will total $10.45 million per year .
(This represents an estimate of the basic permit
monitoring requirement cost which will be incurred by the
tot.l 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 80\
confidence level, the annual nationwide costs must
increase to $39 .• million. (It is noted that monitoring
costs, expressed in annual terms, must continue at the
same level for ten years to produce tbe desired
confidence level data base.)

Conclusion

The stormwater quality program is the object of
intense scrutiny by political, environmental, mun~cipal,
and business interests. However, because the program's
accountabi1ity to all of tbese interests is so completely
dependent on re~iable data, tbe program cannot achieve
the objectives .scribed to it without an effective
monitoring program producing dependable information.

It is tbis lIIlUlager'lI opinion that the requillite
information cannot be developed, and the ascribed
objectives cannot be achieved witbout fundamental changes
in tbe structure of tbe lItormwater quality program.

First, we must change the presumption that
stormwater quality problems &nd solutions can be .s
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.

"oSEPA. OCCOber 1"3
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G. Water Quality Act of 1987

It seem8 a rea.onable conclusion that. if we can't
clearly mea.ure how much stonnwater quality has been
changed. it is not likely we can mea.ure how much
pollution storrowater carried to begin with. Relatedly.
if it is so difficult determining if All of the things we
did caused a change. it is even more unlikely we can
measure the change cau.ed by Any one thing we've done.
The same conclusion also applies to accurately
identifying the .torrowater pollution sources.

Secondly, we mu.t change our approach to defining
the problem and te.ting for .olution.. The weak
repetitious characterization .tudies, haphazard .ource
investigations and mi.cellaneous ·nice to know· project.'
occurring through the permit proce•• mu.t be replaced.
with a national .torrowater quality monitoring and:
research strategy. Specific goals and objective. 1IlU.t be'
developed and then implemented through the permit,
programs by means of specifically focu.ed target/pilot
studies. Only that duplication nece••ary for .tati.tic.l
confidence should be permitted and all effort••hould be
held accountable to rigid procedural guideline. and CA/OC
standards.

The .ampling. analy.i. and developaMlnt of!
conclu.ions .hould be routinely .upervi.ed by a national'
data coordinating unit. and the data aggregated into a
functional data ba.e for use by the political.
environment.l and municipal intere.ts. From .uch a data
base, appropri.te di.charge standards for both end-of­
pipe and receiving water conditions can then be extracted
and useful measurements for a ••e.sing effective control
practices can be developed.

Unle.s there is such a change in the .tructure of
the stormwater monitoring program. we are de. tined to
inve.t • major portion of the .tonnwater progr.m financ••
in activity which produces dubious information and no
storrowater quality improvement.

Given the magnitude' of costs associated with the
storrowater quality program. our nation's municipalities
s~mply can not afford to have such a large percentage of
its expenditures so unproductively used. Neither can we
afford to impo.e such a devastatingly expensive standard.
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 nece.sary to in.ure succes.ful
attainment of the rightful objectives assigned to the

_________-'L9torm'.ulLe,I:-progr.am~ _
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B.
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PARAMETERS TO REPORT WITH BMP MONITORING DATA

By Ben R. Urbolll1S, M. ASCE·

ABSTRACT

This paper ~ents an argument for SWIdardizlltion of the physical, chemical.
climatic, geological. biological. md meteorological parumetc:n being reponed along
with the dam acquin:d by various inve:stig:IIors on the performance of stl'UCIIlI:I1
stormwater Best Management Pr:u:tices (BMPs) used to enhance stormWB1er quality.
Also, a SWIdard minimwn list of such par:uneters is suggested. Such a list i!needed 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 ofil, in the perform:mce of various BMPs has been an origoing
problem. A muN31ly agreed upon minimmn list of reporting parameters that·can be
used to relate the performance ofBMPs to some, or all, of these parameters could
begin to address this problem. Over time such St:IIldardizarion will conserve Ihe
resources being e:tpended by various field investigations and may eventua1ly1ead to
improvements in the selection of md in the design of various BMPs.

OOR°DtlCUON

Much data have been collected over the past 10 to 20 y= on the performance
or "efficiency" of many muctural stonnw:uer quality BMPs. Most existing data relate
to the perforrniUlce of detention basins (i.e.. d~ention basins that druin out completely
after a storm runoff end. sometimes called "dry pond"). retention ponds (i.e.. ponds
that have :l permanent pool of W:lter md ret:lin :II 1= part of one stonn's nmoff after
its runoff period ends. sometimes called "wet pond") and wetlmds. Less dliti 3J'C

available on field effeciveness of other types of BMPs. Howeve. this cbta and/or its
reponing has lacks consistency. In addition. Musch of the reported results do not show
cle:u mathematical rel:ltionships berween the performance of similar BMPs among
various sites in which they were investigated. One of the re:1SOns m:1Y be that

• Chief. MlIS1er PI:mning & South Plane River Progr:uns. Urban Drainage and
Flood Control Disoiet. 2480 West 26th Avenue. Suite IS6B. Denver. Colorado.

sufficient parumetric information about C:lCh site has typic::1lly not been reported along
with the performance cbta to permit systematic analysis of data collected under a
variety of field studies. or to relate these dat:1 to a set of physical, climatic. geologic, or
hydrologic conditions.

What we have DOW is D variety of independent interpremtions with very little
attempt to relate to other investigations that may have occured in the post or may
beoc:curing concurrently. Some of these. interpretations may make a lot of sense while
othc:n le3ve us wondering and questioning what W1U studied and found and why? At
the same time. and more importantly, we c::mnot answer with any de~ of confidence
what role variol15 site pantmetc:n play in the performance of any particular BMP.

As an example for a retention pond. is it more important to know the pond set
vs. inflow tvtnt volume ratio when designing for the removal of Totnl Suspended
Solids (TSS) or Tow Phosphorous (TP), or is it more important to know the surfact
arta ofthe pond vs. tributary wattrshed area ratio. or is another set of parameters
more important? Such questions can only be answered by a system:ltic 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 guicbnce for
strueturaI BMPs. guicbnce that we can need to use these BMPs with confidence.

When we examine what occurs at a retention pond. there are rwo distinctly
!CplU1lle phases of sedimenwion. The first takes place during storm nmoff when
senJing oceun under turbulent conditions, the other takes place during the quiescent
conditions berween stonn nmofI periods. In addition. in-berween NDoff events
biological and chemical proCesses can remove or remobilize suspended and dissolved
constiruents in the water column.

In the TSS n:tIIovai e:Umple discussed above. the settling of solids under
quiescent conditions is a function of particle density, particle size and the fluid's
viscosity, which in turn is a function of tempernrure. According to Dobbin (1944) and
Camp (1946), panicle settli..t)g under dynamic inflow conditions is dependent on the
unit surface hydr:1uJic loading (Le., Q/A), the measured distribution ofTSS particle
senJing velocities and critical shC:lr stress. which in turn is a function of flow velocity
and depth. There is also evidence (Gri=rd et aI: 1986) that TSS and other constituent
removal efficiencies can be significantly affected by the initial concentr.ltion of the
constituent l:lbor:uory and field data using stormW:lter show that it is C:lSY to remove
80 to 90 peTCent ofTSS from urban runoff when its initial concentr.ltion is high (e.g.•
> 400 mgtl) and difficult to remove even 20"10 when the initial concentr.ltions 3J'C low
(e.g., < 20 mgtl).

There are a nwnber of key par.uneters that need to be obt:lined and reponed
whenever BMP performance is monitored. Identifying all such parametc:n :II this time
i! not posible. We C:llt add to the list as we leam more about the passive tre:tnnent
mechanisms and the pert"ormance of muctural BMPs. However. an initial liS! is
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suggested for :I vilriery of BMPs that are currently or may be field tested in the l'ut1m
for effectiveness. They need to be reported in Illl study reports. data transfer reports.
:IIld other Iiler-nure. :Ilone with penormance d:u:l such as the inflow :Il'Id outflow evCll1
me:m concentr.llions (EMCs), the pen:enmges of removal of each consOllIc:nt. the flow
rates :Il'Id the volumes entering md Ie:wing e:1Ch suucrurai BMP faciliry being
investiS:l1ed.

As rnunicip:llitie3 :Ind industrie3 in United States of America begin to opc:ralC
under the federally manda1cd Nationll! PollUWIt Elimination Progr.un's separ.lte
Slormwlltel disclwj;e permit system., we C:ll'l expect :I profound inCt'ClUC in the :IrIlOUDl
of stormW:lter monitonng~ being collected :Il'Id reported. Much of it will be
associated with the performance of various BMPs. This data will be collected in a
variery of ways. using different mOlUtoring :Illd reporting techniques. manual
sampling, :Iutomatic sampling. different constituent detection levels. etc. The
selection of the techniques used at eacb site will be determined by local conditions,
budgets. expertise of the investigators. and other fuctors impossible to predict in
advance. Some level of consistency in how this data and the type BMP par1UIlCters

being reponed will be needed if we ever bope to make :Illy sense of this cialII or bope to
dr.Iw repeatable quantitative conclusions. This will be of particular cb:Illenge when
trying to dr:Iw conclusion in bow this data relates to various BMP's and tributary
wa.tershed's design parameters.

It is hoped that the consistent use in the professionalliterllI1ln: of a minimum set
of SlIU1dard puameters will result in more reliable tools for the selection of suuctural
BMPs and in bener design tools than we have today. In developing this li.st. various
potenti:ll pllysical. biologic :IIld chemical processes were considered for seve:ra.I types 0

BMPs. Although this list is e:ttensivc. every ancmpt was made to kept it as brief as
possible. lhis does not mean. however, that other site specific parameters should not
be mc:asured or reported.

It is :Liso recommend at this time that :ldditional p== be carefully
evaluated before adding them to this liSL It is not the intent to limit this initial list or
to keep out other polential p=etcrs of meriL I is suggested that betore adding on to
this list consider tha the complc.'tiry of finding m=ingful empirical rel:ltionships
apands exponentially with eacb newly :ldded p=eter. Also. we need to be sure
that my new par.uneter is not :Ilr=dy within this lisL either as part of :Illother
parameter or within II grouping of the parameters on the present IiSL For example. it is
nOI necesS:ll')' to report the tribut:lry impervious watershed area if the total watersbed
area and its percent of total imperviousness are repOrted.

former merits much more detail. Abo. should data be reported 0lS event mean
concentr.ltions for a storm or should it be reported 0lS a set of discrete sample dlit.:l
obtained lU different times during a storm? There is II need to have some level of
consistency in bow we handle this issue.

nALa and Study j!c:pom

Typically, li= reports the constituents beina monitored. their removal
efficiencie3 and associated flows. Sometimes the consutuents arc reported 0lS EMCs
entering md leaving the BMP facility, while lit other times data arc reported for
individual discrete samples taken throughout the runoff event even though discrete
samples arc often composited into a smgle EMC. To provide consistency, it is
recommended that stormwater BMP dam be reported in literaNre' 0lS paired inflow and
outflow.EMCs for all the events sampled. :Ilong with the event's volume of runoff
(inflow and outflow if different) and pen:ent constituent removal rates during each
evenL '

The collection and the reportina ofdiscrete sample data taken at various times
during runoff events is not discouraaed by the above recommendatiorL It is. bowever,
Vf:l'J ~ive to test eacb discrete sample for :I number of constituents and many
stOrmWllter data collection efforts elect to test only the flow weighted composite
sample to find the stOrm's EMC. If budgets permit. bowever. much undemanding can
be gainc;d through the collection and analysis of discn:tc water qualiry samples
throughOut the runoff bydrograpb. The reporting of stOrm composite EMCs in
publisbcid li= is SlIiScsted for the sake of reporting const:lllcy, while any
available discrete sample data C:IIl be made available to invcs!igJUOrs upon request as
ASCn or data base files. along with the org:u1ization and format of these files.

i.llI:onsistencies also occur in literllturC in reporting removlll 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 lc.illb.
If the faciliry records less surface outflow than inflow, 0lS C:IIl be the ClISC when
infiItr.ltiolllpercolation occurs. the outflow loads sbould be reported for the surface:
outflow component based on the measured outflows and for the subsurface component
based on the estim:ucs of the water infiltr.ltedlpercolated. into the grolDld. This sbould
prevent the impression that infiltr.ltiorvpercolation acrually eliminates constituents.
inste:1d of. 0lS sometimes happens. tr.lnSferring them to the groundwater flow regime.
Equation I is suggested as the basic equation for calculating the percent removal rUe
of any sampled constilllc:nL

PR. V~ ·E.'.fC.• _V_ ·EMC..... 100
V.·£MC.

REPORTING CONSTITI[ENIS '>'NOlliE!R REMOV'>"! S

The way that we report dam on the conStituents in the water column md their
removal l':IlCS is dictated is we have a detail study report or a summary paper. The in which. PR - percent constituent load removed.

v~ - storm runoff volume inflow into the BMP fnciliry,

(1)
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Newton's ScdimcurnOon ! aw For Spheric;" PiU1ide:;'

NewtOn proposed the following equation 10 describe the settling velocity of a particle
in a fluid:

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 sedimenution 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 panic:ula1es
and the constituents that adhere 10 them.

(3)
4 d, .g+, -r.)
)' CD ·r.

Vs - settling velocity of a given panicle si2J: in mls
dp - diameter of the particle in m
rp - specific gravity of the panicle.
r. - specific gravity of the fluid.
g - gravitational acceleratioD in mls2

CD - drag coefficient. a functioD of Reynolds Nwnber Rn • which in
tum is a functioD of the Guid's tempenuun:.

V, _

in which,

EMC,. - event me:m concentr.ltion of inflow volume.
V_ • storm runoff volume outflow from a into the BMP.

£MC..., • event me:m concentration of outflow volume,

RC'llQrt SummArie:; IlDd Published Summary Papa:5

Summaries of monitoring studies and published papers often ClUlIlOt include all
the data that were collected. M a result, the infOrmatiOD bas to be reduced to' fit the
available space. Again there is DO consistency in how this is doDe and it is suggested
tb.aL. as a minimum. summary reports and published SUIIIIIUU)' papers report the
constituent EMC data llS monitoring period (or season) averages for both the inflow
and outflow. along with the inflow (and outflow if different) volume averages and
Dumbers ofEMC data points (Le.• storm events SlIIDpled) for each parameter. 'along
with each llver.lge's coefficient of variatiOD (CV). These data Deed to be accompanied
by the 10D-tetm average percent removal nues for each constituent reported d the
llrithmeric mean of individual removal rates. Calcu1aled these using Equation 2.

Reponing of constituent concentrations iD dry weather inflows and outflows. if
any. = reveal much about the trUe perfonnance of a BMP. Many on-site BMPs do
not experience dry we:uher flows and the reporting of the percent constituent removal
efficieDcies for storm events is sufficient However. if dry weather flows are present.
they sometimes c:m have a very signific:mt effect OD the aetuaI constituent removal
rates that we place over an extended period of time (UrbollllS et aI. 1994). To help us
undersUlnd how any BMP being studied is :Ufected by dry we:uher flows. it is
recommended that constituent concentr:Uions in dry weather flows be obtaiDed and
reported in sufficient numbers to provide averages and their coefficieDt of Y:1riation.

in which, PR... • Average % removed.. all monilOred events. single constituent,
n • number of events for which percent removals were calculated,

PR, - % removed for the i llt event sampled.

PR~ _ I~PR,
n

(2)

Bll.:lic Suspended Solid SettljnG jn Turbulcut flow'

Geyer (1954) suggested a relationship to describe the sediment fraction that c:m
be removed in a pool of water under the dynamic conditions that can occur 33 water

enten 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.

in which, Rd - fraction of the inflow solids removed under dynamic conditions,
Vs - settling velocity of a given particle size in mls (ftlscc),
Q - flow through rate in cubic mls (ftlscc),
A - surface area of the permanent water pool in m2 (ttl),

n - turbulence. or short-circuiting. constant.

- 1.0 for poor performance. high sort-circuiting potential.

BASIC SEDIMENTATION EOlIATIONS

Much of the perfonn:mce effectiveness anributed to BMPs currently focusws on
the removal ofTSS from runoff. This is definitely not always the case. Local
concerns. such as those in watersheds tributary to Chesapealce Bay and the watenheds
in State of Florida suffering from groundwater depletio. may dictate that the removal
of nutrients is of grotest concern. or. as is the case for the watershed draining to San
Francisco Bav. the removal of copper. soluble and total, may be of most interest.
Never the l~. the selection of the parameters being suggested are b:lSCd on the
principles for the removal ofTSS and on the removal of other constituents. The

r
n

1 Vs
Rd .1.0-[1.0+;;' q~ (4)
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RUNOFF P:\RAMTIERS

- 5.0 for very good performance. low sbon-cin:uiting potentilll,

- ex: for ideal performance.

There an: II number of genen! parameters that should be recorded and reported.
regardless of the type ofBMP being tested. Some ofthcsl: = be used to assess the
aquatic environment and the toxicology of the constituen!s being monitored. Othcn.
such as tmlperaturC. give the invcstigator an idea of the fluid's density and viscosity.
both of which influence the settleability of solids. Table I lists a Dumber of such
llencnU panIIIlCtCTS. All 0 f them can be measured in the field and, except for VSDo IR

rc1Alively inexpcnsive to obtain.

Since storm runoff is a function of the uibutary W&laShcd area and its
imperviousness, always repon the Tribwary Wasers~d(A.", its Total PercenJ
Imperviousness (1m and the Percent ofthe Total ImpcrviOUSMSS thas is HydrauIicaJJy
Conneclld (lid 10 the storm conveyance system. Often Dot reponed in publi.sbed
li= is information about storm runoff pc:1ks. runoff volumes or storms and of
base flows associ:ued wi th BMP facilities. Figure I illustra1CS storm runoff CVCIlts as a
time series of hydrograpbs. which information = be S\1lIUIWized using a probability
distribution gr.lllh shown in Figure:!. To'help us find relationships belWeCD runoff
distribution data at a variety of sitcs being monitored and the performance of these
BMPs. it is recolTUDended th:u. as a rninimwn. runoff data (and outflow data if
different) be summarized as suggested below for RunoffVolume. Storm Runoff
Durasion and Siorm RunoffInter-EveN Time parameters as follows:

V.vo - Volume of the SOtb percentile nmoffevent in warcrshed rom (in),

RunQffvolums: PriGID,!," DUrinn tvlQojlpripn 5mgo'

CVnr- Coefficicot of Variation in the volwnes of runoff events ( SD-.IV.),

in which VSD-' - Sl:Indard deviation of Runoff volwncs.

V« - Volume of the ilvct:lge nIDoffcvcot in waterShed mm (in),

TABLE I. GENERAL PAR.AMETERS TO REPORT FOR ALL BMPs

Inlel and Pl:m. prolile and det:lils. includiDll dimensions ana eleviluons of the
Owlel inlet and outlet works. Include inflow bafiles and outlel tr.ISh racks, if

any.

Temp . WalC/ tempcraturc of inI1UCllI, etllucnt and possibly the pond itself.
Summarize this daIa as monitoring seasonal average, along with its
coefficient of varintion.

VSD .. Settling velo<:tty disuibunon of the sedimcots in stormwater determined
from a nwnbcr of settling column tests.

AlkaJimty &: Affcct the solubility and the IOxiclly oi metals and of other constituents.
Hardness To be measured and reponed as the Event Mean Concentration (EMC)

.. of the influent and the effluent of the facility,
COndUCtivIty • Provllics a surrogate indicator oi ionic activity in the water column.

which may indiClUC the availability of metals to aquatic life in toxic
state. Reporting dissolved metals along with total metals dnta provides
an indic:llor of potentially available toxic forms.

.pH . Affccts the solubility and tolUClty of metals and other constituents.

" lndiClUCs that these par.ulleterS arc to be measW'Cd in the field and
reponed lIS the mc:m of the measured values.

Solar " Measured daily, only at retentioD ponds. wetlands and other biololPcally
RadUzrfDn active trc:1tI11enl water quality facilities. Summnrizc this da1a as the

., mCllll of daily avcri1ics for the monitoring seasoD and their Coefficient
! ofVariarion.

MoinJeNUlCe ·1 ProVIde type and frequency of lDlUDt=CC such as tlrcdging oi
sediments. harvesting, mowing, removing and replacing filter media.
etc.

FaciJitj IFulillescnpuon oithe B~lP.lDCludinglayout, typical croSS-secDon and
CHscriDtion profile. inlet and oudet det:lils. veget:ltive cover. etc.

(5)

h - average depth of the pond in m (ft),

V / Q ' resident time in the pool in SCCQnds

V - volwne of the pool in m3

Rd "LO-e-kt

GENERAl PARAMETERS TO CONSIDER FOR Al I BMPS

in which. k - V,lh • sedimentation r.uc coefficient in Is units.

~ n approaches infwity, Equation <I reduces to:

v,

Q,

CVa,-

Volwne of the seasonal dry we:uher base flow in watershed mal (in).

Average runoff peak nue in m3/s (ft3/sec).

---------- ---------.
Coefficicot of Variation of flow pellks.
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CYm - Coefficient ofVaDation in stoan nmoff duntion (Tm_D/To ). in which

T~ • Standard deviation of stoan nmoff dur:uion.

12 ----------------------,

Storm RunoffIntrr-Evrnt ~parQtion) TIme:

Ts - AVer:lge sepnntion period berwccn the end of. storm nmoff bydrograpb
and the beginning of the next ODe in bo~

T$So - The 30th percentile of storm runoff event separation periods in hours.

Storm RunoffDIITQlion:

Time Yllriable Pj!l1!mdrn of Slpans Durin~ Mpnitprini SQS<!P'

Figure I. Tune series of storm hydrograpbs. their dundion and inter-event times.
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Figure 3 illustr:lles a plan view of an idealized SlOrmwater retcotion pond used as
a strueturaI BMP. Retcotion ponds such as this always have some surcharge detcotion
storage above the permancot pool water surface.

There are several pollut:lDt removal mechanisms at werle within a ~X:on
pond. These include sedimcotlltion during runoff events and in between runoff events,
other physical processes. chemical processes and biological processes. As a result,

P~RAMcrJLRSFQRREDOfDQNPQNPS

Figure 2. Example of cumulative probability distribution of Surfuce Runoff. Storm
Sepanuion and Inter-Event Time for one BMP site (After Urborw et al. 1994).
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mon: info=uon needs 10 be n:poru:d for thc:sc types of fiJcilities thaD for facilities
that n:move pollut:ll1u primarily though physic:l! processes. Also, keeping these
points and EqU<ltions 3 through S in mind. the following set ofp== emcrwe as
needing to be reponed with n:movaJ efficicocy data of n:tcotion ponds.

Maintenance Access

ill!i
Not To Scale

-....~,w.s.

Utloral ~ne .

SECTION A'-A

Figun: 3. Plan of an Idealized Retention Pond. (After UDFCD, 1992)

SUrfuCC "ccM;rnd Pond 1 tlyout P;u;p.metm·

A, • Surface llrc:1 of the permancot pool in m2 (fi2),

AL • Surface llrc:l of the litton! zone (zone ~ 0.5 m (1.5 fi) deep) in m2 (fi2),

AD • Surface llrc:1 of the lOp of the sUrt:harge detention basin in m2 (ft2),

L, - Length of the petmaDent pool or flow path in m (ft),

Lo • Length of the surcharge detention basin in m (ft),

Ar • Surface llrc:1 of the fon:bay in m2 (ft2),

L, • Length of the fon:b:ay in m (ft).

Rrnn Yolume P;upmcrcr:r

V, - Volume of the permanent pool in m3 (ft3),

VD - Design volume of the surcbarge detention basin above the pcmwu:nt pool's
water surface in m3 (ft3),

V,· Volume of the fon:bay in m3 (fi3).

Emptying Time P;tQrnCtrn'

T£ - Time needed 10 empty 99% of VD assuming no inflow takes pbce while the
sun:h:lrge pool is emptying, in houn..lllld

T4J£ - Time needed 10 crnpty the upper one-balf of VD assuming DO inflow takes
place while the surcharge pool is emptying, in hours.

PARAMFTFRS FOR FXTFNJ)FD DEJFNJJON BASINS

F~e 4 shows the plan vies of an idealized extended detention basin. Such
basins employ sedimcotation as their primary pollutant removal mechanism. M a
result, Equations 3. 4 and 5 also apply 10 exteDdcd detention basins, but have 10 be
viewed Somewhat differently than for a retention pond. In a retention pond.
sediments that settle below the overflow outlet level arc essential1y tr.lppCd within the
pcnnanClt poolllDd arc less likely 10 be discllargcd through the outlet. The tr.lppCd
sedimct¥ continues 10 seale 10 the boaom of the pond even after the surcharie volume
is drained off. In an extended detention basin sumnwater empties thorough an outlet
located on the bonom. As the sedimcots scale 10 the bonom they COnCCDtr.IIC within
the lower levels of the ever shrinking pool and discharge through the outlet. UnlCS3
they arc scoun:d oul. only the sedimcots that deposit on the bottom ClIO be tr.1ppcd
within the basin.

The design for c.'nended detention basins thus requires much longer drain times
10 pcmlii the sedimcots 10 scale onto the bottom of the basin. Cwrcnt swe-of-pr.u:ti~
suggests that the emptying time be set a124 10 48 hours for II volume equal 10 the
avenge runoff event expccted 10 occur III the design site. Current practice 3lso
suggcsu that extended detention baslDS be designed 10 have two levels. The lower
level basin is filled frequently by the predominant numbers of sm:aIl runoff evcots,
while the upper basin is inundlllcd only few rimes iI yc:ar. This two layer design
signifi=tly improves the upper basin's usability for other community uses.
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The list that follows ~f1ects most of the par.uneten of importance for an

e.'Cttt1ded detention basin. Many of the same panmeren th3t were recommended for
retention ponds an: repe:ued for an extended detention basin.

-

~
Not To SC:ale

Figure 4. Plan of lID 1dealizJ:d Extended Detention Basin. (After UDFCD, 1992)

Surfuce Am and Plan I 3YQIl! Pmmetm'

Ao _ SurUce area of the extended detention basin in m2 (ft2),

PARAMETERS FOR WED AN!) BASINS

Figure 5 depicts an ide:ilized wetland basin. Some wetland basins an: similar in
their opcr:uiQn to mention poDds while othm resemble extended detention basins. the
distinction between the two being whether or' not the wetland basin hils st:IDding Wl1ler

or a wetland meadow as its bottom. The poUUt:lDt removal mechanisms an: probably
similar to those found in mention ponds and in detention basins. except that
normwater comes in cont:ICt with wetland flom and fauna.. This contaCt and the
pbysic:1l structure of the wetland provide pollutant removals through adsorption and
biochemic:1l processes and possibly through reoxygenation of the sediments and
detoxification of the water column. processes that mayor may not be available in
m=tion ponds and are not available in detention basins.

Depth Varilltlon Legend

Lo

A,l

L,.

Length of the extended detention basin in m (ft),

Surface are:l of the bottom stage (i.e~ 10weT basin) in m2 (ft2),

Length of the forebay in m (ft).

PLAN
Not To Scale

a 150 mm (6 in)

~ 300 mm (12 in)

o 0.6 to 1.2 m (2 to 4 It)

BMin volume Pmmda:r

Vo - Tow Volume of the extended detention basin in m3 (ft3)

V, - VQlume of the Bottom stage only of the basin in m3 (ft3)

V,. - Volume of the Fo~bay in mJ (ft3)

Time variablcs'

Use the same Emprying Timr par.uneren as defined for the retention pond.

Figure 5. Plan of an Ide:tli=l Wetland Basin. (After UDFeD. 1992)

In 3ddirion to the parameterS ofEquarions 3. 4 and 5. e:u:h perfornmnce
monitoring program should report parameters that are peculiar tQ the wetland being
stUdied. Most currently 3vai1able wetlaJ:ld monitoring data rorely cQntain such
information. often not even reporting many of the parameteTS commonly being
reported fQr Qther BMPs. B=e the quantifie:uion of wetlllDd performance :IS a
BMP is rebtively new. very little information c:m be found in curretltliter.lIUrC and it
is difficult tQ suggest parameters tQ report when reporting the performance dat.a Qf
wetland basins. Table 2 lIDd the list that fQllows it suggest the par:uneters thnt 3ppe::ll'
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to be: most important. many of which are idcntie:.u to those recommenced for mention
ponds.

TABLE 2. ADDmONAL GENERAL PARAME1EUl TO REPORT FOR
WETI.ANDS

Type oJ C.:mail m.arsb. nonhero peat Land. me:l4Ow. palustrine:. southem
Wfl/and manhJand. hardwood swampland. bnu:kish marsh, hiih altitude

nverine:. freshwater riverine. mixed (include types). collSlnlCtCd or
n:nuraJ. elC.

Rod Filler 1 Is the~ a rock [iller medin p=eOl in the wetland bouom?
DomlTIQnl Lists the domuwlt plllDl species III the wetland and the age of these
Plant Species plants. namely. time since their original planting or replanting.

Surfac; Aa;:; and I aym" Plan Pjl!'i!rn;trn'

A,. • Surlacc :m:a of pc:rman.cnt wetland pool. if any. in m2 (ft2).

AAI - Surface arcn of the meadow wetland. ifany, in m2 (ft2).

PG.JD - Percent ofpermancot poollcss than 0.30 m «12 in) in depth,

PUll· Percent of the permanent pool morc than 0.60 m (>24 in) in depth,

As - Swface area of the surcharge detention basin's-top in m2 (ft2),

Ls - Length of the wetland surcharge/detention pool or flow path in m (ft).

AF - Swface area of the forcbay in m2 (ft2).

LF - Length of the forcbay in m (ft).

BjlSjn volume Par:lID;trn'

V,. - Volwne of the pemIllllent pool. if any, in m3 (ft),

Vo - Design volwne of the surcharge/detention basin in m) (ft3).

VF • Volwne of the forcblly in mJ (ft).

Tim; variable:r

Use the same Emprying nm~ parameters as defined for the l'etetItion pond.

PARAMrnRS FOR wrn ANI) CHANNEl S

Channels can be: desiencd to have a wetland boaom which are dcsisncd to flow
very slowly. Figure 6 show a profile for such a cIwmcL When properly designed.
the channel's boaom is covered by wetlands, with only the sidcslopcs hAving LCm:StriaJ
vegetarion. The flow velocity is conlrOUed by lrlUISVersc berms. by checIc dams or by
an outlet at the downmcam end of a given ch.anncl's rc:u:h. In the last case. the
channel is csscntiaJly a long and IWTOW wctland basin.

The poUUtlnt =oval mechanisms in wctland bouom ch.anncls IU1: similar to
those found in wetland basins. except that contact time of SlOrmW&ter with the wetland
vegetarion is likely to be: less. BCCIUlSC of the flowing ch.anncl namn: of this BMP. the
foUowWg par.uneters, in addition to those in Tables I and 2. should provide the
information nccdcd to compare the pcrfOrmaDl:C of different installations:

V1.,.. _ Average ch.annd velocity ciurin& a2-ycarrunotrevcnt in mil (ftI~).

Ao _ Surface area ofthc wetland bottom in square m2 (ft2),

Lo - Length of the wetland cIwmcI in m (ft).

Prt - Dcsc:ribe: any pmrcatmcnt provided ahead of the channel (e.g. detention).

Time Yariahlr:s

Then: are DO Emptying 11lM parameterS to report for wetlaod c:IwmcIs.

2-year Flood Level

-:.../- -- - t3ase Flow__ _ Drop or Check Sll\Je:tunI
.';' ~,~- -.......~---,'R _ .,.. , ~. ~ .

. - .,... Ii _ .,., ':l ,

\
Erosion Protedion

PROFILE
Not To Scale

Figure 6. Profile of an Idealized Wet!alld Boaom Channel. (After UDFeD. 1992)
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P:\RAMETERS FOR SAND rn TEES

Sand filters c::IlI be installed as basins or as sand filter inlets. Figure 7 illustnl1e5

an ide:l1ized filter basin llI1d Figure 8 does the sume for:l filter inleL Typically. these
installatiOl15 will have a detention basin or:l retention pond (or t:Ink) Upstre:lm of the
filter to =nove the heavier sediment :md. if properly designed. some of the oil and
grease found in stotmwater. However. such a pretreatment basin is not always present.
All of the p:u:uneters c:llled for a Rtltn/ion Pond or for an E:rrtndtd Deltn/ion BtUin
should also be n:-ported along with the infoltllll1ion about the sand filter whenever the
filter is preceded by a pre-treatment basin. For elWIlple. a filter inlet is often equipped
with an underground t:Ink which helps to remove some of the sediment, oil and grt::IX

before stotmwater is applied onto the filter. Such a tank is similar to :l retention pond
and nil of the pnrnmeters associated with a retention pond. such as volwne. surface
area. length. sun:harge volwne. ete. should be reported.

~dardraIna

In addition to the parameters of the pond or basin associated with the filter.
provide the following:

• Dimensions of the installation.

Depth of various filter material layers.

• Type of filter medin. iu median particle size (Le.. D~o) and iu Coefficient of
Uniformity.

• Maintenance fnquency.

• All associated dr:tinDge llI1d flooding problems anributed to the instaJlation because
of its configur.uion size. maintenanee.pra.c:tices. ete.

Time VAri.bJe5·

Use same parameters for Emptying Time as defined for the retention pond.

aeanout

MorYtomg
We.

-o4m<12ttlT(lypic:al)

--~-

3m !(typical)

I
T
To OutfaJ or
Major Oranaoeway

Emergency
Spliway

Flow From
Sedimentation
BaUl ...

Sedimentation Chamber
(heavy sediments, trash, etc.~ I

Screen Cover
Over Outlet Pipe

Figure 8. An Ide:l1ized SllI1d Filter Inlet. (After Shaver. 1993)

PARAMETERS FOR Oil GREASE AND SAND TRAPS

Figt= 7. Pl:1n of:m Idealized Sand Filter Basin. (After UDFeD. 1986) An oil. grease :md sand tr:Ip is 0IIl underground l:Illk.. similar to the one illustr:lled
in Figure 9. It is nothing more then a special configumtion of a retention pond. As a
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=ult. report 1111 of par.uneters liJited for a Remuion Pond should also be reponed for
these inst:lllauons. Typically these installations have a forebay and an outlet basin. In
addition to reporung the par:unelers for a pond. provide the dimensions oftM
instalJeuion. detaiLs of its desIgn (including skimmers. sorbent pillows. lamella pUutS.
baffles. etc.) and the mamttnance provided during the lesting period. Bec:wsc these
type of traps arc: much smaller than 11 surface pond.. the flow-through velocity is of
concern because it can = trapped oil, grease and sediment to be remobilized and
flushed out of the trap. As a result. provide the awroge flow wlocily thai can be
upected 10 occur //I this devIce durmg a 2-Y£DT storm, which velocity can be used as
an index for comparing the perio=ce a variety of installations.

• The hydraulic conductivity of sow adjacent to pcn:olation lIClChes and the
sanuatcd surfiLcc infiltration rates of sow un.derlyinK infiln-ation basins.

Dimensions of the: installation.

Maintenance ac:cds and usocilled drainage: and floodina problems anribwed to the
insWIarion.

Failures to empty out the captured water complClCly within the dcsilPl emptyina
time.

Time V;lrinblcs'

Usc the =e Emptymg Time p=e:lCTS as defined for a retention pond..

TIml: Yariablcz'

Usc the same Emptying TlIfI6 pan.mctCtS IS defined for a rClCntion pond..

N.ET OR t.WH1E

e#
~
~

w

.,'
~'~"~0.

Figure 9. An Idc:ilized Oil. Grease: and Sand Trap (After Neufe:ld. 1994).

t~~~IW'f\.£ DAIol

P A,V \1ETERS FOR INFU IE ·mON AND PERCOl AllON FACII !TIES

An idc:aliu:d percolation trench is illustrated in Figure 10. For percolation
trenches and for infiltt:Uioo basins report all of the par:lIl1e:ters suggested for the
wended DetentIon Basm. In addition. report thc following:

Depth to high groundwater and to impermeable: layers below the: infiltratinK
surface: oClhe basin. or below the bonom of the: percolation trench.

FillUl'C 10. An Idc:alizc:d Percolation Trench. (After Urbonas '" Slahre. 1993)
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SlTMMARY AND RECOMMENDATIONS

In summary. there is :l gre:u need for consistent reporting of various BMP
par.uneters along with field testing d:ua on their perform:lOce. T:lble 3 these
panuneters. It is recommended that :lI1 :lgencies and organiz:ltions that undertnlce field
srudies of BMP performance be encouraged to include in their repons and report
summaries the infonnntion suggested in this paper. Only through a concerted effort by
stonnwater profession:Us to report the suggested minimum list of par:uneters about
e:u:h inst:1llation. or some other list that the ==b communiry deems more
appropriate, will all of the field ==h :lCtivities yield par.unetric relationships tIuu
reflDe and optimize struer.lr.l! BMP designs.

BJRTHER REVIEW COMMDITS TO ASCE

A paper that presented the concepts and recommendatioll5 made in this paper is
also being published by the American Sociery of Civil Engineer, Water Resource
Planning and MllIl3gement Divi.5ion's Joum:U. Anyone wishing to comment on this
topic and these recommendations is invited to write to the ASCE Journal's services.
All comments are welcome :IS this topic deserves wide debate and discussion.
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TABLE 3. SUMMARY OF REPORTABLE BMP SITE PARAMETERS.

ReL bl'l '''e''1 WeI, \ IOlil IlnlilL
Pnd Del. I.nd I.nd Sand S.nd &

P:1r.III1eter Bsin Bsin Chn'l Filetr Trop Pm::.
Triiluc.rv W'lersne<l Are. - A r Yes Yes I Yes ! Yes I Yes I Yes I Yes
Total ~/. Trib. W.lershcd is ImpervIous, I,. Yes Yes I Yes ! Yes I Yes Yes I Yes
~. of Imoervlous Arc. Hvd. Connected ,I,r I Yes Yes I Yes I Yes I Yes I Yes I Yes
Guner!SewertSwalClDllches in Watershed7, I Yes Yes I Yes Yes I Yes ' Yes I Yes
Avaro.ge Storm RunotfVolume· r. I Yes Yes I Yes Yes I Yes I Yes I Yes
50th Pen:enule Runoff Voiume, V,," Yes Yes I Yes Yes I Yes ! Yes I Yes
Cacrf, Vat. or" RunotfVolumes- CV,-. Yes Yes! Yes Yes I Yes ! Yes I Yes
Av, Oailv Bose Flow Volume, V~ I Yes Yes I Yes Yes I Yes I Yes I Yes
Avern~e Runorf Inler,Event Time· T. I Yes Yes I Yes Yes I Yes , Yes I Yes
50th Percennle Inter-Event Time, T••• I Yes Yes I Yes Yes I Yes I Yes I Yes
Coeff. Vat. oflnrer·Event Times· ev,.. I Yes Yes I Yes Yes I Yes I Yes I Yes
Avern"e Storm Durntlon· T" i Yes Yes I Yes Yes I Yes I Yes I Yes
50th Pen:enule Sronn Durouon ' Tn.. I Yes Yes I Yes Yes : Yes I Yes I Yes
Coelf, Va<. or' Stonn Durnuon., CVm I Yes I Yes I Yes I Yes I Yes I Yes I Yes
Water Temoer-llurc - Temo I Yes I Yes I Yes ' Yes I Yes Yes I Yes
Allwllmrv. iiaranelS '" pH Yes I Yes I Yes I Yes I Yes I Yes I Yes
Sedimenl Senting Velocity Dis!. - V.n Yes I Yes I Yes I Yes ! Yes I Yes I Yes
Type & mauencv or' mnmlenance Yes I Yes I Yes I Yes I Yes I Yes I Yes
Inlet &. Outlet <llmenSions &. deulls Yes I Yes I Yes I Yes I Yes I Yes I Yes
Soiar Raoiallon I Yes I NO I Yes I Yes ! No I No I NO
Volume of Permanent Pool - V. Yes I No I Yes I NO I Yes I Yes I NO
Penn. Pool Sun"ce .~=. A. Yes I No I Yes I NO I Yes I Yes I NO
Linornl Zone Sun,ce Are•• ~ , Yes I NO I NO I NO I No I NO I NO
Lengtl1 of Pennonenl Pool, 4 Yes I NO I Yes I No I Yes I Yes I NO
Delenuon lor Sun:h~el Vol.· V" Yes I Yes I Yes I No I Yes I Yes I Yes
Delenuon Bosln's Sun"cc Are:> • A" I Yes I Yes I Yes I NO ! Yes I Yes I Yes
Len!Zlh of Detenl;on 8asm - L.., Yes I Yes I Yes : NO I Yes Yes I Yes
Bnm,full EmolV.m;. Time· Tr I Yes I Yes I Yes I NO Yes I Yes I Yes
y, Bnm,full EmolVln~ Time " T••r I Yes I Yes I Yes I NO Yes I Yes I Yes
Bonom SUee Volume, V. I NO I Yes I NO ; NO NO I NO I NO
Bonom Suoe Sunace Are•• A. I NO I Yes, NO I NO NO I NO I NO
Foreoay Volum~ • ~'t' Yes I Yes I Yes i NO Yes I Yes I Yes
Forcb.v Len~th • L r Yes I Yes I Yes I No Yes I Yes I Yes
Werland Type. Rock Filler Presenl'? I NO ! NO I Yes ' Yes NO I NO I NO
% of Wetl.nd Sun"ce al p" &. Po< Oeoths I No I NO I Yes I Yes No i No I NO
Meaaow Well,nd Surt"ce A= • A, I NO I NO I Yes I Yes No i NO I NO
PI.nt Soeclts ,nd Age or' Focilitv I Yes I Yes I Yes rYes NO I NO I NO
~;'ye:lf Flood Pe:lk V~pc,~ I NO I NO I NO I Yes NO Yes I NO
DeDtn to ~rounow:1ter .Jr lmoerme:lole 13:,er I No ; Yes I Yes t NO NO NO i Ves
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Use of Sediment and Biological Monitoring to Evaluare Stormwar.er Discharges

Eric H. Livingston l
, BIen McCarron, Thomas Seal and Gail Sloane

ABSTRACf

Assessing the environmental effects of stormwater discharges presents many new and
complex challenges. Unlike traditional point soun:es 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
ecolo~cally-based manner of determining the environmental effects of stOrmwater
discharges. Activities undenaken by the Florida Department of EnvirOnmental
Protection in the past few years to develop biological community assessment and
coastal sediment monitoring lools to evaluate stormwater discharges: will be
summarized. The development and use of a coaszal and estuarine 'sediment
assessment 1001. based on the relationship between sediment aluminum and metal
concentrations. will be reviewed. Similarly, the steps tlIccn to develop and
implement a riverine biological community assessment tool. based on comparisons
between impacted siteS and ccoregion reference siteS, are reviewed.

INTRODUCDON

During the late 1970s. stormwater and other nonpoint sources (NPS) o( pollution
were identified as major contributors to the degradation of Florida's surface and
IfOWId water resoun:es. To minimize stormwater pol1utant loadings llischaiged from
new land use activities, the Florida Environmental ReguWion Commission adopted
a statewide stormwater treatment regulation in February 1982. This rule.
implemented cooperatively by the state's Department of Environmental Proleiction and
five regional water management districts, establishes permitting procedUre1 and. for
various types of stormwater management practices. design criteria presumed to
achieve a specified tn:atJnent level. This rule is one of numerous swule3and

I Stormwater/NPS Management Section. Florida Dept. of Environmental hotcetion.
2600 Blair Stone Rd. Tallahassee. FL 32399-2400

regulations that have been implemented during the past 20 years to minimize the
detrimental environmental effects associated with the stare'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, 10

evaluate environmental conditions and ihe program's environmental benefits. In the
past. water quality management actions focused on traditional point soun:es of
pollution. such as domestic or industrial wastewater discharges, making moniloring
and evaluation relatively easy. These point soun:es typically discharge effluents of
uniform. known quality at continuous design llows. making them relatively easy to
assess. model and control. Point source assessments generally have relied almost
solely upon water column chemistry monitorinll. On the other hand. stormwarer 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 soun:es within a watershed. Traditional water quality
monitoring and management efforts generally suffer from scven1 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 soun:es.
3. Comparing water bodies and establishing priorities for management actions.
4. Distinguishing actual Or potential problems from perceived problems.
~. Discriminating anthropogenic loadings from natural watershed loadings of metals

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 cumuWive effects of watershed
stormwater/NPS pollution soun:es on aquatic sysrems 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 implementation of sediment and biolo~cal monitoring protocols in
Florida which are being used to improve evaluation and management of stormwater
and other intermittent pollution sources. along with traditiomu point soun:es.

ASSF.5SING SEDIMENT CONIAMINATION

Sediment quality is a sensitive indicatOr of overall environmental quality. Sediments
influence the environmental fare of many toxic and bioaccumulative substances in
aquatic ecosystems. Sediments tend to integnte contaminant concentIations over nme
and may represent long-term soun:es of conwnination. Specifically, sedimen! quality
is important because many toxic contaminants found in only lr1lCe amounts in water
can accumulate [0 elevated levels in sediments. Sediment-associated conl2JTlinants

Livingston 2 Livingston
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can also dircctly alfce:t benthic and other sediment-assoc:ialed orzanisms. In addition
to the physic:al and chemic:al relationships between sediments and contaminants,
sediments provide benthic and pelagic communities suiUble habitus for esscntiai
biological proccssc:s (e.g. spawning, incubation, rearing, ele.).

Sediments provide an es5cntiai link belWeen chemic:aJ and biologic:aJ proc:esscs. By
understanding this link, environmental scientists can develop assessment tools and
conduct monilOring programs 10 more I'1Ipidly and accurately evaluate the hc:a!th of
aquatic systems. Therefore. sediment quality data provide esselltiai information for
evaluating ambient environmental quality conditions in water bodies. Additionally.
information about the amount and quality of sediments within SlOrmwater systems.
stonnsewers and other slOrmwater conveyanCC$ can help ttaee pollution sources,
prioritize areas for implementing control measUlQ, and help 10 assure proper disposal
of 3CCIImuJated sediments.

Assessing sediments to delermine whether stonnwater pollutants are causing or
conaibuting to ec:ologic:aJ problems within a water body has not been done very
ofta!. Consequently, only recently have SQIldard sediment assessment procedUlQ
been developed. Before sediments can be reliably used to assess the effec:ts of
pollutants on aquatic systems. three fundamental sediment monitoring issues must be
addressed:
• accurate. reliable sediment sampling and laboratory analysis lechniques.
• interpretive techniques to determine whether rrweria1s (·pollutants·. especially

metals) found in sediments are natun1 or anthropogciuc (from hWJW1 activities).
• sediment quality assessment guidelines correlaling sediment ·pollutant·

concentrations with biologic:aJ effec:ts. These arC needed to assess whether
sediment materials are potenlia1ly available to renlm to the water column or
through food chains in amounts likdy to advenely affce:t water quality and living
resources.

MRIDA'S SEDIMENT \SSESSMENI PBOJECTS

Florida has an cxtensive coastline (approximale1y 11,000 miles) and an unusual
diversity of estuarine types. Conditions in its many esnwic:s I'1IIlge from nearly
pristine to localized severe degndation. Metals are of panicuJar concern in lennS
of prolCCting and rehabilitating estuaries because of their potentiai toxic effec:ts and
because high metal conccntr.llions can signal the presence of other types of pollution.
Natun.l metal conccntr.llions can vary Widely among Florida e:snwies presenting
specW difficulties in comparing estuarine systems statewide and in making consistent,
scientifically defensible management decisions.

In the past. delermining whether estuarine and coastal sediments were
anthropogenic:aJly enriched with metals was a difficult process requiring
comprehensive site-Specific assessments. In 1983. staif from the Department's Office
of Coastal Zone Management. in association' with Dr. Herb Windom of the Skidaway
Institute of Oceanogr.lphy. began a nearly dec:adc: long effon to develop a Pl'1lCtic:aJ

approacIi for assessing metals conwninatioa in c:outaJ sediments. Projec:ts
undenakaI include:
1. The Deep Wau:r Pons Projce:t, a survey of sediment quality in eleven major pons

arouiId the Stale. performed in 1983-84.
2. The Slalewide Survey of Clean Reference Sites. a survey of sediment quality in

many relatively isolaLed, unimpactcd locations around the Stale, done between
1986 and 1991.

3. OnIoing surveys. some in conjunction with the National Atmospheric and
Oceanic Administration, initialed in 1985 to survey sediment quality in estuaries
!hr?ughout Florida.

From these projec:ts an assessment procedure was developed which relies on
oonnallzation of metal c:onccntr.llions to a reference e1emenL In Florida.
oormalization of metal conccntr.llions to aluminum conccntr.llions in estuarine
scdlmen'ts provided the most promising method of comparing mela1leve1s rqionaJly.
Otber ~ents such as iron or lithium can also be used as norma1izing elements for
assessi(Ig e:snwine and marine sediments. Development of this sediment assessment
procedUre required lhn:e componeuts of monitoring to be addressed:
1. Rdiilement of sediment samplinc prolOCOls and laboratory anaIytic:aJ techniques

to i4sure that sediment data is accuntIl and comparable.
2. Development ofan interpretive lechnique to delerminc whether sediment materials

am: rwunlly occ:urring or from anthropogenic sources within a walCrShed.
3. ~opment of sediment quality assessment guidclines to help delemUne whether

scdlment bound pollutants are harmful to the environmenL
,

Pan 1 • Collection gf SedjmCllt Samples

To enslire that the information used to devdop the ~rc:rpretive tool rcpl'C3Cl\ted the
diverse: Florida sediments. unc:onwninalcd sediments from around the Stale wen:
c:umincd for their meta! content and the natural variability of mc:la1laluminum
relationships was statistically assessed (FDER, 1988). Sediment samples from 103
~ in uncontaminated estuarine/coastal areas were collCCled and analyzed for
aluminum and other environmentally and gcochemically imponant meWs. The areas
sampled encompassed variOUJ sediment types ranging from terrigenous.
alumin~silieate-rich sediments in northern Florida to biogenic. carbonate-rich
sediments in southern Florida. These ·clean· sites were seIcctcd subjectively, based
upoa llleir remoteness from known or suspected anthroposenic metal sources.

The foUowing samplins proo:dUlQ were devdopcd and refined into a standard
prot.ocOI:
1. Prior to field sampling. station locations were determined after studying local

watershed information (land use. drainage patterns and systems. water depths.
potentiai sediment deposition areas), naviption clwts. and meeting with local
sovernment staif. .

2. Stations were loc:ated using LORAN-C by latitude and longitude., compass
bearings, and cross referenced to naviptional clwts. In 1991. the standard field
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prolOCOl was changed and Global Positioning System (GPS) is now used to locate
stations.

3. Upon anival at the stltion, the boat was anchored and engines shut off. The
location, time, date, weather conditions, and compass bearings (and GPS
location) were recorded in a station log notebook along with water column
pliYsicai panmeten taken at the surtaee. mid-depth, and bottom.

4. Sediments were collected in replicate from the boat using a stainless 9X9"
PONAR grab sampler. The gr.tb was suspended from a hoist. acid washed and
rinsed with deionized water belore use, and rinsed with ambient water between
grabs. A 10~ HCl solution was used ·to acid rinse all 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 rub. The top iwo em
of sediment were scooped from the top of the grab. Repeated grabs were made
at the same site until enough material was collected for all analyses.

,. Sediments were collected by using sediment coring tubes at stations where the
water was 100 shallow ior the boat, or where sensitive habitats (sea grass beds.
corals) precluded use of the grab sampler. Acid washed and rinsed clear
oeIlulose-acetllC-butyrate core tubes with caps were used for each sample. with
three replicate samples collected at each station. Core rubes were plunged into
the sediment and the top capped. A diver retrieved the core rube by displacing
the sediment around the core. putting on the bottom cap, and lifting the core
lUbe. Cores were taken to the boat where they were transierred into containen
using an acid washed exllUding 1001. The top 3-S CJIl of the cores were pac.kcd
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 WleIed. then placed on ice.

7. Since 1991, several changes have been made to the FDEP standard field protocol
including:
a. A 12"XI2" 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 stations. This vola.tilizcs any organic
contaminants that might be on the sampler.

c. 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, acewne rinsed,
long handled stainless scoop.

Pan 2 Laboratory Analysis oj Sediment SamplC3

From 1982 to 1990. all FDEP sediment samples were analyud by Savannah
Laboratories and Environmental Services, Inc. (SLES) in Savannah. Georgia. From
1990 to the present. the Skidaway Institute of Oceanography (SIO) in Savannah
analyud sediments. Physical characteristics, such as grain size and percent organic
matter, were determined for sediment samples which were then analyud for nine

meQ\J (atuminum. arsenic. cadmium. chromium. copper, mercury, nickel, lead.
zinc). Except for mercury. SLES analyud metals using graphite furnace or flame
atomic absorption spcctrOmeter and analyud organic compounds using gas
chromatographic techniques. SIO analyud metal. by Iep (inductively-eoupled
plasma) mass spectrometry or by atomic absorption spectrometry.

Before analysis for metals, ~cuJa.r care was taken to totally digest the sediment
sampleS using hydrofluoric, nitric, and pcrchloric acids as required by the project
quality assurance plan. Total digestion of the sediment sample is essential when
using the sediment assessment 1001 because of its normalization method to estimate
mel21 contamination. Total digestion is strongly encouraged to produce comparable
date for general environmental and trend monitoring of pollutants. FDEP conducted
a labontory intercalibration exercise. in which four laboratories participated. to
asxss the accuncy and precision of reported metals data from coastal sediments and
from ~ment reference materials (Schropp, 1992). Results of this exerciSe and an
intemaiional intercalibration exercise (Loring and Rantala. 1988) both showed that
scdimeiu tnce metal data from different laboratories may not be comparable if
different sample digestion techniques are used.

Part 3 ; . Distinguishing Natural ys AnthmpogenicaJly Enriched Sediments

Once methods to reliably and accurately collect and analyze sediment samples were
relined;; the next step was to develop an interpretive 1001 to dctmnine whether mel21s
in sediments were natural or from human activities. To understand this assessment
1001. One must general1y understand the geochemical processes that govern the
bebavior and fate of metals in estuarine 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
minc:ra1s. such as quartz and clay minerals. which are the alteration products of other
aluminosilieate minerals. The weathering solution also contains dissolved metals
1ea.ched from the parent roclc. Because of their low solubilities, however. the
transporting solution (e.g., riven) carries low amounts of metals. Most metals
transported by rivers are tightly bound in the aluminosilieate solid phases. As a
consequence, weathering causes little fr.Ictionation between the naturally occurring
meta1s and aluminum.

In general. when dissolved meQ\J 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 a1uminosilicate structure, the metals are gencrally
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 SlOnns).

s Livingston 6 Livingston



.. .. - .. .. '.. --- '... .. ~
III!I!J -

Ifill ... <_ .. .. -

__ A_-_~Enw

10

0.1 I I I I I I i I I

3
...J

I
0-

0­
::l-

a
~
...J

leocf • <60 '" 9·'
[n,;~ ""tio . 20

1000 ooסס1

ALUMINUM (ug g-I)

0.1 I I IIii

_10

i
0'

0'
:::l........

Rgure 1. Lead/alumihum relationship from statewide clean sediments.

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 arc genenlly;cxpectcd
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 p2phica1 tools developed to assess trace metal contarninalion in a sediment
sample. For example, Figure 1 shows that as aluminum concentrations in "clean"
sediments increase, metals concentrations, in this case lead, also increa.sO. 1.A:ast
squares regression analysis, using aluminum cooccntration as the independent varUble
aDd the concentration of the other metal as the dependent varUble, were Jll=rfonned
on log-transformed data and 9S" prediction limits were calcu.l.a1£d. SIgnificant
corrclaIions were obtained for arsenic. cadmium. copper, lead. nicla:l, and:tine. The
plotted regression lines and prediction limits provide the basis for interpreting mClai
concentrations in sediments. '.!

1be 1001 for inlel'preting metL1 concentrations in estuarine sediments is based on
demonstrated, naturally occurring relationships bctwcc:n mClais and aluminum.
Specifically, natural melaL'aluminum relationships were used to develop guidelines
to distinguish natural from contaminated sediments for sevcn.l metals commonly
rclcascd to the environment from anthropogenic activities. Aluminum was chosen
as a reference element to normaIizA: sediment metals concentrations for several
reasons:
1. After silicon. it is the most abundant naturally occurring metal;
2. It is highly rciractory;
3. The relative proponions of metals and aluminum in crustal materials arc fairly

constant;
4. Its concentration is rarely influenced by anthropogenic sources.

To dclcrminc whether estuarine sediments arc enriched with mClais. a mean' value of
each metl1 (derived from replicate or triplicaIC samples) is calculated and points
n:pn:xnting corresponding mClai and aluminum values arc plotted (FiguRl'2). The
sediment is judged to be narun.l or metal enriched depending on where the Points lie
n:lative to the regression lines and prediction limits. If a point falls within the
prediction limits, then the metal concentration is within the narun.l range.. If a point
falls above the upper prediction limit. then the sediment is considered to be mClai­
enriched. Before concluding sediment "enrichment", the accur.ICY of the analytical
results should be contirmed, since an unusual point can be indicalive of pfOCCdural
crron. Since the results arc interpn:led with respect to the 9S" predicdOll limit.
some points from "clean" stations may plot outside the prediction limiL The greater
the distance above the prediction limit. the greater degree of enrichmtnL An
enrichment factor. which is the ratio of the measured metal concenttition to its
maximum expected concentration in natural sediments. can be calcu.l.a1£d using the
following equation (FDEP, 1994): '. I 1000 1~ I

____ ' Ob••rvedM.talConctlntrat1on(~qlql ALUMINUM (ug 9 ) I
----M.t-a-l-£nr-ichm.nt-F-aG1:.Qt'-.--::__--"':":':--~~:__:_:_-~~,;";,,,~--. . _

KaxExp.ct.dNaturalM.talConc(~qlql
Rgure2. Interpretation of Lead data using Pb/AJ relationship.
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Applications of the Interpretiye Tool

The effectivencs and utility of this sediment assessmcnt tool has been tested in a
variety of regional slUdic (Tampa Bay, Schropp et al., 1989; SE Atlantic and Gulf
CQlSts, Hanson and Evans, 1991: Louisiana, Pardue et al., 1992). The results of
these studies. indicate that aluminosilicate minerals have a major inl1uence on metal
concenuations in natural sedimentS. The interpretive tool using metal and aluminum
relationships allows results of sediment chemica! analyses to be used for a variety of
environmental infonnation needs:
1. Distinguishing natural ver3US enriched metals concentrations in CQlStal sedimentS.
2. Nonnalizing metals to a reference element allows comparisons of metal

concenuations among sites within a watershed.
3. Comparing investigative resultS from different watenheds. By normalizing metal

concenuations to aluminum, an assessment of relative metal enrichment levels can
be made, allowing watersheds to be ranIr;ed according to specific metal
enrichment problems.

4. Tracking the inl1uence of a pollution source.
S. Monitoring trends in sediment metal concentrations over time.
6. Determining sediment sampling or analysis procedural or laboratory crron.
7. Screening sediment data to promote cost-effective usc of e.lutriate or other

sediment quality tests.

Umjtations of the Interpretive Tool (fOEB 1988)

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 oi local conditions and
applying professional judgement. Consider the folloWing pointS when using this
interpretive tool:
1. The interpretive tool is useless without reliable data. Results from single,

non-replicated samples should not be used. Ideally, sediment samples should be
collected in triplicate. If budget consa-aints dictate analysis of only duplicate
samples, the third sample should be archived. In the event of a disparity in the
results oi replicate analyses. the arcltived sample should be retrieved and analyzed
to resolve the problem.

2. Sediment metals must be analyzed using techniques appropriato for saline
conditions and capable of providing adequate detection limits. Because
naturally-occurring aluminum and other metals are tightly bound within the
crystaJline struelUre oi sedimentary minerals, the metal analysis meshod must
include total digestion using HF, lINe" and HClO, acids. If aluminum is not
completely released by a thorough digestion, metal to aluminum ratios may
appear to be unusually high.

3. Natural concentrations of cadmium and mercury are very low and are near
nonnal analytical deteetion limitS. Because of this, analytical precision and
aa:uracy are reduced and special care must be taken to obtain accurate labor.uory

results.
4. The data set is, to the cxtent possible, represetltative of various types of natural

"clean· sedimentS found in Florida estuaries. Only in a few instances should
aluminum concentrations cxceed 100,000 ppm (10~ aluminum). Any samples
conWning p-cater than 100,000 ppm aluminum should be examined carefully for
evidence of contamination or analytical errOr.

S. Interpretation of metal concentiations. using these metal to aluminum
rclitionships, must abo consider sediment gn.in size, mineralogy, coastal
hydrography. and proximity to sources of metals.

Pan 4 .Detcrminjne the EcQ10eical Significance Qf Enriched Sediments
.:.

Sediment chemistry data alone do not provide an adequate basis to identify or rnaDa3e
potential sediment quality problems. After determining that sediments are
anthro'pOgenicaJly enriched with pollutants, the ncxt assessment step is to determine
whether these sediment·bound pollutantS are hannful to the environment.
BiologicaJly-bascd numerical sediment quality assessment guidelines (SQAGs) also
are required to interpret the ecological significance of sediment chemistry data by
provid\rig a basis for assessing the potential effects of scdiment-U """;2uo.tl

contam}.nants.

MacDOnald (1993) reviews the variety of approaches which have becn devised to
formuJ1le sedimcrlt quality guidelines (SQGs). A suitable stntegy for deriving
SQAGi for Florida must recognize the limitations of the existing database to evaluate
the poI.cntial biological effects of sedimcnt·woc:iated contaminants. Therefore. the
stntqy 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 fur the environmental characteristics that influence the
bioavai1ability of sediment·u....,,;ated 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 luidelines that
would be applicable to Florida coastal conditions and appropriate for the state's
specific needs. Several criteria were established to objectively evaluate the
approaches and select a relevant suategy to derive these guidelines. The primary
considerations in selecting the recommended stmegy were practicality.
cost-effectiveness, scientific defensibility, al\d broad applicability to sediment quality
assessment. This review indicated that cacIt of the approaches has deficiencies that
limit its direct application in Florida. For this reason, an integrated suatqy for
deriving numerical SQAGs was recommended for the state of Florida (MacDonald,
1993). This strategy provides relevant ncar tenn 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 oC the NOAA's National Status and TrendJ Proeram Approach (Lone
and Morpn. 1990). These guideline3, derived from numerous inve3tiptiOlU oC
JCldiment quality conducted throughout Nonh America, are baJed on a wcight-oC­
evidence linJcing conwninant coneenttalions and adverse biological effccu. [n this
respect, the guideline3 represent a coSl-eITec:tive response co a practical need Cor
assessment lools. However, these euideline3 are preliminary and will likdy be
refined with r=u1ts from field validation and other re1aIcd swdie3 now underway in
Florida and elsewhere in Nonh America. The guideline3 should be used '¥ith other
interpretive cools co conduct comprehensive and reliable assessments.

ElTccu-bued SQAGs provide a basis co· assess the potential Cor biological cffccu
usocialed with various contlmiJwlt concenttalions. MacDonald (1993) derived no
observed eCCects levels (NOELs) and probable effccu levels (PELs) co define three
range3 oC contaminant concentrations: the probable efCccu range, the possible effccu
ranee, and the no efCccu range.

The probable effects range iJ the concenttalion range o( specific ,. sediment
colnaminants within which biological effccu are UJUally or always observed (probable
effccu range ~ PEL). Sediments with contaminant concenttalions within the
probable eCfects range rtprestfll significant and immtdiart hazards to expostd
organisms. Sites with concenttalions o( one or more contlmiJwlts that Call y.ithin the
probable effects range should be given the highest priority in implementine sediment
quality management options. However, direct biological assessment iJ ~uired at
lhcso sites to detc:rminc the nature and exlent o( effccu that could be rna.oU'eSlcd.

The possi~lo effccu ranee is the concenttalion ranee o( a specific sediment
contaminant with unc:enai.n adverse biological effccu (NOEL < possible effects
range < PEL). . ThiJ range iJ likely co be dependent on facton,; such as
bioavailability. tIw may influence the toxicity oC the substance. Sediment-~ated

contaminants rtprestfll pottJUiJJl hazards to exposed organismJ when concenttalions
Call within thiJ range. Sediments with contlmiJwlt concenttalions within this range
require funher. uscssment co determine the biological significanQ; o( the
conta.mination. [n general, further uscssment would be supported by bioloiicaltests
desillled to evaluate the biolocical significance o( sediment-woc:iaIed contaminants
to~ spccie3 oC aquatic bioca.

The no effccu range o( sediment contaminant concenttalions where biological elTccu
ani rvcIy or never observed (no effcas range ~ NOEL). Sediments with
concenlJ'alions of contaminants within the no effcas range are consideml ro be of
QCUPlab~ quality Cor those contaminants. In general, further investipaons oC
sediment quality conditions within this ranee are relatively lower priority, However,
biolOCical testing may be required to validate the results of the initial a.sseSsmcnt of
the pocenlial Cor adverse biolocical effects. particularly in sediments with low levels
o( lola1 organic caroon. acid Volatile sulfide. and/or other vamble3 that could

-------inl1ucnce the llioaViiliJ)ility orseaiment-usOCialCd conlalTlUWlts.

A Framework For :\ssessing Sjte-mccjfic Sediment OuaJjty Condjtiods in Florida

MacDonald (1993) developed a framework: Cor the Florida Dcparunent o(
Environmental ProlCCtion for future use of sediment quality assessment euide1ine3 and
rclaled cools. This framework, which identifie3 e3SCRlial considerations to address
in conducting silC-spcciiic sediment quality assessment programs, consists 0(;

1. Collect HiSlorica.l Land and Water Uso [nformalion
• Land uses - current and historical; induslri.al, commercial
• InfrastrUcture including scormwacer 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. CoI1ect Supplemental Sediment Chemistry Data
• Determine contaminants, sampling locations
• Delineate temporal and spatial vambility in sediment contamination
• Prepare and follow QA Plan for sampling, handling, and analysis pl'OloCOls

4. Conduct Preliminary. Assessment of the Potenlial for Biological Effcas of
Sediment-Associated ContlmiJwlts
• Compare sediment· contaminant concentrations to SQAGs

S. Evaluate NaI1Ir.lI venus Anthropogenic Sources o( Sediment-Associau:d
ContlmiJwlts
• Deu:nnine sources using the previously described sediment assessment

procedure
6. Conduct Biological Assessment of Sediment Quality

• Determine whole sediment coxicity
• Conduct shon·lent) bioassays, long-term microcosm swdie3, ClC.
• Develop silC-specific SQAGs
• Conduct biological community assessments

7. Implement Management of Sediment Quality
• Evaluation facton. include nature and severity o( sediment contamirwion,

polential for exposure of aquatic liCe, site or regional lIWIaiCMent &oa.Is,
availability of remediation lCChnology, costs. and public cxpecwions.

• Actions may range from none to continued monitoring co remedial actions
sudl as removal and treatment of JCldiment contaminants or source control
implementation.

ThiJ framework is designed co provide a consistent approach to assessing sediment
quality in marine and estuarine areas. However, the framework is not inlCllded co
rcp1al:c accepted sediment lC3ting protoeols such as developed Cor the cicean disposal

. - - - - -------'of-dredged-matcrial;---Instead,-ic-isintended--co-providc-lleneraI-guidance-to--suppo'l •
the JCldiment quality assessment process.
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Applications and Limitations of the Recommended Sediment AS$C$smcot AP1lcoach

The sediment quality assessment stnIegy provides a consistent basis to evaluate
sediment quality in Florida. While the SQAGs represent an integnl element of this
slnlegy, they should be used with other assessment tools to efficiently and
cost-effectively evaluate ambient sediment quality conditions. In this context, these
SQAGs may be used to:
• Interpret the results of sediment quality monitonng daJa to assess the potential

adverse biological effects associated with concena-ations of sediment-associated
contaminants.

• Suppon the design of sediment quality monitoring programs by evaluating existing
sediment chemisuy data to rank areas and chemicals of concern allowing
monilQring priorities to be more clearly and effectively identified.

• Identify the need for site-specific investigations to suppon 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.

• Facilitatc 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 remedialing
sediment conwnination.

These guidelines were established to provide a cOnsistent basis for evaluating
esnwine sediment quality in Florida. However, these guidelines are preliminary and,
as such, have certain limitations on their application. Therefore, SQAGs:
• Are applicable to marine and estuarine waterS only, not to fTcsbwater 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 sediment quality on a statewide
basis (i.e., they should not be used as sediment quality criteria). Ambient
environmental conditions may influence the applicability of these guidclincs 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 nOI be used directly as numerical clean-up levels at severely contaminated
sites (e.g., Superfund sites).

• Me designed to determine the IXllC11W for sediment-associated contaminants to
induce biological effects. Direct cause and effect relationships should not be
inferred when comparing chemical daJa to the recommended guidelines.

• Have been derived primarily from acute toxicity study results. Few ~ are
available on the chronic responses of aquatic organisms to contaminants U<nM.,Nl
with sediments.

• Should be used with other assessment tools and protocols, such as the FDEP
metals interpretive 1001 and the Green Book (EPA and ACE, 1991), to provide

comprehensive evaluations of sediment quality .
• Were developed using information from various North American locations. These

data may not be representative of the wide I1IlIgc of Florida sediment types. For
this reason, caution should be exercised in using these guidelines, particularly in
carbona~orniJwed sediments in southern Florida.

Part ~ Using the Sedimcot A»=ment Tools

Mac.Donaid (1993) sttascs the importance of combining the effects-based guidelines
and the melais interpretive tool. MacDonald cumincs daJa on levels of sediment­
associated lead from two geochemically distinct systems, Biscayne Bay and
A~icolaBay, to iIlusa-ate the integntcd sediment quality assessment fnrncworlt.
Fi~ 3 shows a summary of the available daJa (FDEP, 1994) on the levels of
sedill!ent-associated lead in the Miami. area. The data, soncd by increasing
concentnrion, were assigned sample numbers of 1 to 108. Evaluation using the
SQAGs suggests that approximately IS" of the samples fall within the probable
effccis concentration I1IlIge (exceed the PEL of 160 mglq). Another 20" of the
sampies fall within the possible effects I1IlIge (between the NOEL and the PEL).
Therefore. comparing sediment chemistry daJa with the numerical SQAGs SU"CSlS
a rcIalively high probability of observing adverse biological effects. Funher
examination of these data using the meta.is interpretive tool (Figure 4) dernonsttat.es
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 between the effects-based tool and the geochcmically-ba.sed tool
suggests that the Miami area should be a priority area for Cunher investigations to
evaluate sediment toxicity.

In A{lalachicola Bay, roughly 20" of the samples bad lcad levels that exceeded the
NOEL of 21 mglkg (Figure 5). Comparison of the ambient lead levels in
Apal&ctucola Bay with SQAGs suggests possible adverse biological effects at a
significant number of sites. However, Cunhcr evaluation using the melais interpretive
tool i~dieatcs that aluminum-normalized lcad 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 dcmonstn1eS that lead concena-ation in Apalachicola Bay are
naturally-<XXurring and. as such, should not be considered haz:ardous to aquatic
organisms. This system docs not require Cunher investigations to evaluate the extent
of sediment toxicity.

In 1994, the Sediment Research Group of FDEP released the FIorid4 Coastal
SWimeTll UlNamilllUllS AJUls, which describes the spatial extent of sediment
contamination in Florida's coastal watefbodies. The Alias presents the results of the
previously mentioned FDEP coastal sediment surveys. In addition, the AIUls bas
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 Sansota, Florida. The Alias
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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 Atlas and provides ancillary
information for users of this document.

Although the Department was not able to fully assess sediment contamination along
F1orid.1' s extensive coastline, it appears that the highest concentratiOllS of
conwninants 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
identi lied in the Atlas. Regional monitoring of contaminants in living resources and
sediments, followed by sediment toxicity studies, is strongly recommended to la:ep
a finger on the pulse of Florida's freshwater and marine ecosystems.

BIOLOGICAL C0MMUNI'O' MONITORING

Since erw:tment 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 measun:ments of the water column. While this approach may be useful in
asseuing the effects of continuous point discharges, such as domestic or industrial
wastewaters, it cannot accurately determine environmental impairments from
intermittent sources such as stormWl1Cr or other nonpoint source discharges.

Intermittelt discharges create shock loadings to a water body with the: eco1olical
effects depending on complex interactions of many variables. Moreover, most
SlOrrnwater pollutants become attached to sediment particles or settle quickly, cx.erting
dettimental effects over a long period. Furthermore. stormWl1Cr discharies degrade
habitat (eg, channel and bank erosion) and cause tremendous siltation.: neither of
which are detected by WI1Cr chemistry sampling. Kart et. aI. (1986) group
environmental facton affecting most aquatic ecosystems into five major classes:
chemical variables. biotic interaCtions. flow regime, habiw structure. "and energy
source. These factors interact to determine the integrity of WI1Cr resou~ reflected
by the resident aquatic life. Alterations to the physical, chemical, Or biolocical
process can adversely affect the aquatic biota and, therefore. the biologiCal integrity
of lhe water body. Monitoring methods integnting all five classes are riecessary to
accuntely assess and manage surface water quality and aquatic life resOilrces.

Inclusion of biological community monitoring allows a more holistic. systems
approach that greatly enhances surface WI1Cr quality assessment and management.
While chemical data reflect shan-term conditions that exist when a particular sample
is collected. biological communities accuntely 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 struetural

components of aquatic communities. Bioa.ssessments are best used to delect 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 succe:ssful
pollution control and environmental managennenl programs. They are
complemenwy, not mutually exclusive, approaches that enhance ovenll program
effectiveness.

Some advantages of bioassessments are:
1. Biological communities reflect ovenll ecolOiical integrity (chemical. physical

and biological).
2. Over time, biological communities integrate the effects of different sm:ssors,

providing a measure of fluctuating environmental conditions.
3. By integrating 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.

S. 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 c:valuate the habitat degradation
typically associated with stormwater discharges.

Pctcrmining Biological Integrirv • Rapid BjQilS$Qsmcnl Concept

Although the principal goal of the Federal Clean Wau:r 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. Kart and
Dudley (1981) define biotic integrity as "the ability of an aquatic ecosystem to
suppon 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 imponantly, in biological
community assessment techniques maJa:s bioassessments more practical. These
adVances include gcographic information systems (GIS) and available digitized d.1ta
bases. refined laboratory and field methods. development of stand.1rd 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.

In 1985. EPA conducted a survey to identify states that routinely performed
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biological assessmenl$ and to evaluate the field methods being used. A worll:group
of state and EPA biologisu was formed to review the existing methods and to refine
protocols for monitoring benthic macroinvenebrates and fish. In May 1989, EPA
published "Rapid Bioa.ssessment Protocols for Use in Streams and Riven" to which
the reader is referred for a more comprehensive discussion of u1is topic.

The rapid bioassessment protocols (also known as community bioa.ssessment
protocols) advocate an integrated assessment, comparing habitl.t (physical structure
and flow regime) and biological measures with empirically defined reference
conditions. Reference conditions are esl2blished 'hrough systematic monitoring of
acruaJ sites (ecoregion reference sites) that represent the tWUnI range of variation in
"least disturbed" water chemistry, habitl.t, and biological condition. The'concept of
eooregions and ecoregional reference sites is discussed in a July 1989 EPA
publication "Regionalization IS a Tool for Managing Environmental Resources".

With the publication of these two landmark publications, states began intensive work
to refine the ecoregions and protocols to suit local conditions and needs. 'The swe­
of-the-an in this rapidly developing field continues to evolve into many more
variations. The original authors of the documents strongly advocate customizing both
eooregions and the bioa.ssessment protocols. The most important common element
required in these efforts is the use of a scientific approach which can be defended•

..,
Consequently, before this protocol can be used and biological community assessment
programs implemented, Stl.te specific analyses must be underl2Un. ~ presents
many unique challenges, requiring special expertise, adequate funding and several
yean. For example, state specific subccoregions must be delineated, l\Ppropriate
eooregion reference sites selected and sampled, community bioassessment sampling
and evaluation methods modified, appropriate biological community metrias selected,
and each of these must be verified.

These techniques offer the best means of accurately assessing the impacts of
stonnwater and other nonpoint sources of pollution. The Florida Bioassessment
Project was designed to address many of the above issues to develop: a refined
bioassessment protocol for use in Florida streamS to document impairment from
nonpoint sources of pollution and to determine the effectiveness of management
programs. ' :

1]IE n.QRIDA SIORMWAIERINPS BIOASSFSSMENT PROJECTS

In 1990, the StormwaterlNonpoint Source Management Section of tl)e Florida
Department of Environmental Protection began a multi-year effon to refine and
enhance current biological community assessment methods. This work consists of
four primary componenl$: I. Delineating subecoregions and selecting reference
siteS; n. Developing standardized biological sampling and habitl.t'assessment
methods: rn. Evaluating biological data to develop and verify biological memcs and
an index of biotic integrity: and, IV. Developing or revising biocriteria. The rest

of this paper will discuss program componenl$ I through m.

Four contracts, funded by EPA Section 104 (b)(3), 20S(j)(l), and 319 grants, are the
central focus of this effon:

1. Florida Regionalization Project, contracted to the EPA Environmental Research
Lab and to ManTech Environmental Technology, Inc. of Corvallis, Oregon, and
led by James Omemik and Glenn Griffith. The two primary tasIcs included
subdividing Florida's three ccoregions into subregions, and selecting and
verifying ecoregion reference sites (Component I).

2. Bioassessment for the Nonpoint Source Program, contracted to EA Engineering,
Science, and Technology, whose project manager is Milce Bastian, and Tetra
Tech, Inc., whose project manager is Milce Barbour. This project's objectives
include reviewing and refining DEP's existing biological sampling and analysis
proced=: development of sl2ndaidizcd stream macroinvenebrate sampling and
habitat assessment protocols: testing the protocols by collecting data at candidate
reference sites: and, developing candidate biological metrics to quantify the biotic
integrity of benthic macroinvenebrates (Components n and m).

3. Development of a Florida Index of Biotic Integrity, contracted to Tetra Tech and
Mike Barbour. This project continues the statistical analysis of biomonitoring
dati. being collected from the candidate reference sites and other sites. In
particular, the meDics will be refined by funher testing and verification of the
recommended biological memcs (Componentlll).

4. Development of a Biological Data Base, contracted to Lori Wolfe Enterprises, a
local computer progiamming finn (Corollary project).

Component I Delineating Ecoregjons and Selecting Reference Sites

SpaIial frameworla can profoundly influence the effectiveness of research,
assessment, and manag~menl of many water resource problems, especially those
caused by stormwater arid nonpoint sources. Traditionally, we have relied on spatial
frameworlcs based on' political boundaries, watersheds, hydrologic units, or
physiographic regions. ' However, these unil$ do not correspond to patterns in
vegetation, soils,land surface fonn, land use, climate, rainfall or other characteristics
that control or reflect spali.al variations in surface water quality or aquatic organisms.

Effective water quality management programs must recognize the significance of
land/water interactions, nonpouit sources, and regional variations in attainable water
quality. Water quality assessmenl$ need a regional framework to:
1. compare regional land and water patterns:
2. compare ecological and habitat 'similarities and differences:
3. establish realistic. achievable chemical and biological standards;
4. assess the effects of all pollution sources within a watershed, especially

intermittent discharges:
S. predict the effectiveness of management practices:
6. prioritize assessment and management efforts;
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7. locate monitoring and specW study sites; and
8. exU1po~te site-specific information 10 laIler areas.

Omcmik (1987) proposed using spatial framcworla based on ecoloiical regions
(ecoregions) 10 assess the health of aquatic systems. Ecoregions arc areas of n:lative
homogeneity in ecological systems and relationships between organisms and lheir
environmenu. Ecorciions usually arc defined by pancms of homogeneity in &

combination of factors such as clilTWC, physiography, geology, soils, vCiClalion and
dominanl land uses. These regions also define areas wilhin which lhere arc diffCl"Cllt
patterns in human stresses on the environment and different pancrns in the existing
and attainable quality of environmental resources. Ecorcgions reflect similarities in
the type, qualily and quantity of water resources and the factors affecting them.
Thereiore, regional paLtcms of environmental, factors rel1cct rciional pancm.s in
surface water quality.

Omcrnik (1987) originally identified 76 ecoregions in the conterminous United SlateS
including three in Florida. These ecoregions were useful for stmifying streams in
Arbnsas, Ncbra.ska, Ohio, Oregon, WashinglOll, and,Wisconsin. They were used
10 set water quality standards in Arbnsas, laIcc manag~cnl goals in Minnesota, and
10 develop biocriteria in Ohio. However, in many' states, the resolution of the
ccorcgions was of insufficient detaillcading 10 collabol'f.tive projects involving SlateS,
EPA regions and the EPA Environmental R.cscart:h Ub-'Corvallis 10 refine ecoreiions
and delineate subregions. '

Delineating regions or subregions typically involves compiling and reviewing relevant
materials, maps and data: outlining the regional chancicristics; drafting the reiionai
and subrciional boundaries: digitizing the boundary lines, creating digital coverages,
and producing maps; and revising after review by state managers and scientisU. To
delineate subregions in Florid&, a.crial and sateUitC images, maps, and olbcr
documents wen: obtained describing environmcniaJ characteristics including
physiography, geology, soils, climate, ~d use, vegcwion. wetlands, and various
biological communities. AnalysiJ of this information led 10 the definition of the
following ccoregions and subregions in Florida (Griffin et. aI., 1994):
1. The Southcastem Plains Ecoregion, with Ihrcc subregions· Southern Pine Plains

and Hills. Dougheny/Marianna Plains, and Tifton Up~dlTaJ.lahassec Hills
2. The Southern Dlastal Plain Ecorcgion, with six subrciions • Gulf Coast

Flarwoods, Southweslcm Florida Flarwoods, Cenlr.l1 Florida Ridges and Up~ds,

Eastern Florida Flarwoods, Okcfenolccc Swamps and Plains, and Sea Island
Fbrwoods.

3. The Southern Florida Coastal Plain Ecoregion, with four subregions· EvCliWics,
Big Cypress, Miami Ridge and Atlaniic Dlastal Strip, and Southern Coast and
1s1an<ls.

Once ecoregions and subregions arc delineated and field verified, ecOrqiOD

nfennce-sites-must-bc-Sclccted._An_csscntial_componenLoLthe_managemcn...1------­

framework. these Sites allow us 10 evalua1C the environmental health of a locale by

comparing it 10 a known reference site • a key concqlt in 1Wr and DlIdley's
definition of biotic inteerity, which compares site evaluations 10 the aquatic
community of •natural habitats within a region·, E.c:on:gion refcn:ncc sites used in
water ,t'CSOUI'CCS manqcment must have two csxtItiai components: they must
n:pn:scnl the ecoregiOll, and have ccological conditions that can be n:uoaably
anaiDcd given current b&ckground conditions. '

lWen:nce sites must be carcful1y selecsed becauJe tbey will be used for two purposes:
(I) Benchmark for cstablishiiig rqiona.I biocriteria; and, (2) Control sites 10 which
ICSt sates will be compared. The two main criteria for selecting refcn:ncc sites arc
that they be minimally impaimd and that they n:pn:scnt the region's natural bioloiical
commimity. The ideal refen:ncc site will have extensive, natural, riparian vegetation;
& divCrsity of substnlC materials; natural physical struetun:s; ,a natural hydf'Olraph;
a repfescntative and diverse abundance of naturally-oa:urrini bioloiical communities;
and i, minimum of known, human indua:d disturbances or discharges. Gcnc:ral
guidelines for sclcctini rcfc:rcnce sites arc given in EPA (1989&).

"

To sclcct sttam subccoregion rcfcraICC sites in Florida, the followini steps were
Iak=:
1. Qiini GIS techniques, information about the general characteristics of each

ecOn:gioo and subrqion was analyzed 10 bcncr understand rcpn:sc:ntative
cOnditions. Information reviewed included lOpographic maps, land use and soil
uiaps, county highway maps, VCiewiona1 COVClaie maps, Landsat illiaicry, and
die 1988 and 1990 Florida Watu Quality Assessment 305(b) rcporu.

2. A'set of sttcun sites with surface watersheds that appear n:lativcly unc1iaurbcd
and entirely wilhin a JUbccoregion was chosen in which candidate reference sites
W:crc located; The aetual number of sites per watershed is a function of the
apparent homoicncity or heterogeneity of the rciion, the size of the region,
hydrologic cham:teristics, and the number of candidate sites available. Access
is', & major factor in sclcction of the final reierence sites. The number of
~didate sites per subregion varied, raniing from only eighl in subrqion 75C.
the CcnIr.l1 Florida Ridges and Uplands where relativdy few StrcalllS arc found,
10 rwcnty sites in subregion 75D, the Eastern Florida Flatwoods, A list of the
candidate sites was developed that included the subregion, site number, stream
name and location, major basin, county, GIS map name, watershed area, and
other information,

3. Department and water management district biologisu reviewed the information
for each candidate site and then conducted site visits. nus iround reconnaissance
allowed staff 10 iet a sense of the usefulness of the subccoregions, the
chanctcristics that comprise reierence sites in each rciion, the range of
characteristics and types of disturbances in each region, and how site
characieristics and stream types vary bctwccn rciions. Using this process, sites
were dropped thai wen: found unsuitable because of disturbances nOI apparent on
aerials or maps or bcc:ause of anomalous situations while additional sites were •
identified.
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Componenl IT DevellUling Standard Biological As¥:!sment Mclhods

The distribution of reference sites varies among DEP districts as well as among
subecoregions. The number of sites in the districts range from three to 30 while the
number of subecoregion sites varies from six to 13. This information is summarim1
below:

4. Aerial reconnaissance was conducted to identify disturbances nol observable from
the ground, to get a better seme for spatial panems of disturbances and
geographic characteristics in each region, and to photograph typical
characteristics, site locations, or disturbances.

S. Over 100 subecoregional candidate reference sites originally were selected by
EPA and FDEP biologists. A thorough review process for each site to determine
its representativeness and an analysis of available staff hours to conduct
bioassessments was performed, reducing the number of sites to 83.

The technical objectives of this component included:
1. Review existing bioassessment protocols used by FDEP's ·Point Source Fifth

Year Inspection Program· as a template for proposed refinement of Protocols for
the NPS program. .

2. Develop a standardiud and cost-effective methodology to (a) collect and process
benthic macroinvertebrates collected from Florida streams, and (b) to perform an
assessment of habitat conditions. .

3. Develop a Standard Operating Procedures Manual (SOP) as a quality

Component ill Data Analysis DevellUlmen! of Memes and Index of Bjotjc Integrity

In 1991, the FDEP developed its first habitat evaluation methods (Frydenborg, 1991)
based on EPA's Rapid Bioassessment Protocols document (EPA, 1989b). The
components of habitat evaluation are: (I) physicaUchemicai chara.cterintion. and,
(2) habitat assessment. PhysicaUchemical characterization includes determinin&
predominant surrounding land uses; identifying local watershed erosion, nonpoinl,
and point source pollution sources; estimating stream depth. width, high water mark,
temperature, and velocity; noting stream alterations such as impoundment or
channelization; estimating canopy cover; and evaluating sediment/substrate. Wm:r
quality parameters meaSured include pH. dissolved oxygen, conductivity. and secchi
disk depth; and. noting water clarity, color, odors and surface oils. the measurement
and observation of land use, riparian zone conditions, channel and substrate features
and water quality. Haliitat assessment includes evaluating water velocity, substrate
and cover, channel conllitions, bank stability and riparian zone vegetation based on
their capacity to suppon a stable, well balanced benthic community.

Most of the technical objectives of Component n have been achieved (FDEP, 1994b).
However, all SOPs continue to be reviewed. Using DEP training funds, DEP's
biologists anend quanerly "Biocriteria Committee Meetings· where they participate
in workshops, discussions, and field exercises to learn about the bioassessment
protocols. Beginning in the summer of 1992, DEP biologists from the Tallahassee
and district offices conducted bioassessments, following the procedures set forth in
the SOP, at all of the candidite refen:nce sites. Sampling at these sites, and at
additional reference sites, has continued on a summer-winter sampling schedule.

assurance/quality control document to provide consistent, standardized methods
for sampling fteshwater benthic macroinvertebrates and evaluating habitat in
rivers and streams.

4. In conjunction with the Ecoregionalization project, design a stateWide
standardiud biological sampling and habitat assessment program to collect data
for use in classifying reference streams and in developing the candidate
measuremenu of biotic integrity.

S. Conduct a mining program in which FDEP and water management district field
biologists discuss and learn the new protocols.

One of the most important aspects of the community bioassessment procedure is the
evaluation of stream habitat. which includes physical characu:ristics and water
quality. Since conditions in the watershed determine conditions in the stream. habitat
quality is dependent on land use, channel and riparian features as well as instream
factors such as substrate typeS and velOcity.

Framework for Habitat Assessments: An analysis of the reference site habitat data
was undertalcen to (I) characterize the expected or typical condition for habitat
parameters in leasHfiSlUrbed streams and (2) refine the existing habitat evaluation
methods. Sites were classified by (I) the aggregate subecoregions (65751, 7Sbcd,

8
6
$
3
12
8
10
Ii
~

Reference SitesSubecoregion

ill Southern Pine Plains and Hills
6SG Dougherty/Marianna Plains
65H Tifton UplandITaIW1assee Hills
75A Gulf Coast FJarwoods
7SB Southwestern Florida Flatwoods
7SC Central F1a Ridges &. Uplands
7SD Eastern Fla Flarwoods
7SE Okefenokee Swamp &. Plains
7SF Sea Island Flatwoods

It is important to remember that reference sites represent the least or minimally
disrwbed ecosystem conditions. All of them have some level of disturbJnce which
is a moving target because of ongoing human activity and rwura.I ProcesJeS. Since
levels of impact are relative on' a regional basis, the characteristics of appropriate
reference sites will be different in different ecoregions and subregioDs and for
different waterbody and habitat types. It is desirable, therefore, to hive a large
Dumber of reference sites for each region to help define the different types of
streams, to characterize the natural variability within similar stream types, and to
clarify the factors that characterize the best sites from factors present U! the lower
quality sites.
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7Scf) identified with the biomeuies; (2) their designation as pan of a subxt of
subccoregional sileS venus all sileS; and, (3) by flow conditions at the time of
sampling. 11 was detennined by analysis of the biological daCl that the aurqate
subecoregions were the most appropriate clauification scheme 10 explain variability
in the data. Statistical analysis of the daCl was used 10 identify the habital features
that have a limited amounl of variability and could be used 10 defme the typical
condition. The typical conditions, based on one sampling evenl and only four
sampling sileS in lOW subecoregions (7Sef) , will be modified when the results of
additional sampling events arc evaluated.

Framework for Biomeuies: The purpose of using multiple metries in assessing
biological condition is 10 maximize the information available regarding the elemc:n1S
and processes of aquatic commurtities. Metries allow the ecologist 10 use meaningful
indicator attribuleS in assessing the SlaIUS of communities in response 10 perturbation.
The definition of a metric is a cltan.ctcristic of the biota that changes in some
prediC1able way with inc:rascd human influence (Barbour eI aI., in review). The
validity of an integrated assessment using multiple m~es is supponed by the use of
measurements of biological anribuleS firmly rooted in sound ecological principles
(KarT Cl aI. 1986; Fausch eI aI. 1990; Lyons 1992).

The development of appropriate metrics follows a determination of (I) taxa to be
sampled. (2) the biological chancteristics of reference conditions. and 10 a certain
extent, (3) the anthropogenic influences being~~ In many situations, multiple
streSSOlS impact ecological resources, and specific •cause-and"i:ffect· lWCSSlIIenlS
may be difficulL However, changes in individual m~trics or SWleS of melrics in
response 10 penurbation by certain suessors (or sets thereof) arc important dia&nostic
assessment indicators. For this reason, use of a multimetric approach for evaluating
nonpoint source effects upon the biOla is a more powerful 1001 than traditional
approaches 10 bioassessment.

The basic approach 10 developing metrics is modeled after EPA's technical guidance
for biocriteria (Barbour et aI., in review). Candidate meuics arc selected based on
knowledge of aquatic systems, flora and fauna, literature reviews, and hislOrical data.
Candidate memcs arc evaluated for efficacy and validity for implemenCltion inlO the
bioassessment program. Less robust metrics, or those not well-founded in ecological
principles, arc excluded as a result of this research process. Meuies with linle or no
relationship 10 stressors arc rejected. Core meuics arc those remaining that provide
useful information in discriminating between good or poor quality ecological
conditions. 11 is importanl 10 understand the effects of various slresSOrs on the
behavior of specific metrics. Metrics that use the relative sensitivity of the monilOred
populmons 10 specific pollutants, where these relationships arc well-ehanctc:rizcd,
can be useful as a diagnostic 1001. Core metries should be selected 10 represent
diverse aspects of strUcture, composition, individual health, or processes of the
aquatic biota. Together they form the foundation for a sound, integrated analysis of
the biotiC-.condition_lO.-judge..the~tainment oLbiologicaLcriteria.-Eor--aJIICmc_lO_be -
useful. it must have the following atuibuleS: (I) relevant 10 the biological community

under study and 10 the specified proJralII objectives; (2) sensitive to sttessors and
provideS a response that can be disc:riminaJcd from natural variation: (3)
environmentally-beniJllIO~ in the aquatic environment; and (4) coSt-effective
to sample and 10 implement inlO wau:r resource programs.

To select metries for Florida stteams. a two pIwe process was used which included
an optirnimion pIwc, whaeby the meuies are evallWCd for their relevance and
rwural variability, and a calibration phase, which is necessary to determine the
discriininatory power and sensitivity lei pertUIbaIion. In the fint phase, all pocential
metri~ having relevance 10 Florida stream macroinvertebrate communities were
identified. These metrics were classified inlO categories roughly corresponding 10
variOlis elemenlS and prooesses of the macroinvertdlrate assemb1a&e (Table 1).
Categories used for this meuic classification corresponded 10 the following:
A. RiChness measures, which signify the relative variety or diversity of the aquatic

assemblage.
B. COinposition measures, which provide information on the mab-up of the

uSCmbla&e and the relative abundance of particular taxa 10 the IOtai community.
C. Tolerance measures, which relate 10 the relative sensitivity or IOlerance of the

asSfntblage and component populations 10 various types of perturbation.
D. Trophic measures, which are surrogates of more complicated processes, such u

biOJjc trophic intenction, production and food source availability. Trophic
meuics primarily arc related 10 functional feed &roup desiJllation and density.
~ difficult 10 evaluate. Therefore, these metrics arc in an evolutionary ItaIlIS

around the country and will continue under&oing refinement.

Se1~& Candidate Metrics: From the biological data collected at the candidate
reference sileS in Summer 1992. a IOtai of 47 metrics were calc:ulated and entered
inlO t1ie data bale. These paramClClS were analyzed using a number of swistical
melhCids including c:ovaria1e and autoeotrelation analysis, analysis of variance. and
cluster analysis. Two Icey graphical displays, scaner plots of physicochemical
variatiies versus biological metrics and box-and-whislter plots. were relied on for
evaluating site classifications and discriminatory power. All of the 47 metries fit the
coodinon of biological relevance since they represent elements and processes of the
macroinvertebrate assemb1a&e and are thought 10 change in a predictable fashion in
response 10 perturbation. However, by evaluating the inherent variability within the
reference site database, 3S candidate meuics were identified. A highly variable
metric would not be useful because the discriminatory power would be dirninislled.
Conversely, a metric that has a nanow variance within a maximum or optimal nnBe
for reference conditions would be a useful meuic. Box-and-whisker plolS of the DleS
classified by subecoregions were used 10 depict the natural variability of each metric.

Founcen of the 3S metrics appear 10 be appropriate as candidate metrics from this
initial evaluation (Table I). These are the memcs that illustrate a relatively tight
range of values among the various subecoregions and arc al the high end of their
range-of-vaIues-for-the-reference-sileS.,--Four-of-the-metries-are-from-the-richnc:ss'--------I
measures and consist of the Number of Total Taxa, EPI' Index. the Number of
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These 14 metria were cvaluated by usinl them as the basic candidate metriCJ with
wlUch to classify the sites, compue the efficiencies of the collecting gear, and test
the discriminatory ability of the metric:s. Through these additional analyses, some
metric:i may be eliminated. The resulting core metric:s wiU then be used to develop
an aui'tgaQon lCChnique to evaluate the biolopcal condition of the sites.

Metric:: CWsification: Once candidate metria were identified, analyses was
pcdon)led to develop a clusification system for Rorida streams that would aurcgate
the streams into a small number of classes that could be managed and monitored with
similat expectations. The cIuscs should aa:ount for si&J1ificant variation in the
biologIcal metric data with classes that do not contribute to the variation explained
~ from those that do. CLusification analysis was done with the dip net data.

Two classification schemes were tested: ccorcPonal <&cocraPhic) and stream type.
N'me sUbecorcgions in twO ccoregions were in the area sampled in this program, and
severa! stream types were identified that classify tho influence of limestone, silica,
and organic maacr in the streamwater. Four stream types included in this
invcstipnon were sand-bottom streams, calca.rcous-intluenccd sand streams (with
limestOne springs or substrates), swamp-influenced streams (dnininl swamps and
bop), and alluvial streams Oa.ree, broad streams with multiple influences). Only the
14 candidate biological metric:s (those that showed promise for discriminatinl
~ce from impaired conditions) were used to test the alternative classifications.

'The distributions of values of the 14 candidate metric:s were plotted as
box-aNI-whisker plots for each of the nino subccoregions investigated. The consistent
patu:rn that emerged from this analysis was that biological metric:s of Rorida streams
tend to aggregate in three croups: tho subccorcPons of the Rorida panhandle (65f,
I. h, and 75a), the subecorepons of pcninsuW' Rorida (75b, c. and d). and tho two
subccoregions in the northeast of Rorida (75e and t). Metric values of panhandle
streams seem to indicate lUgher stream quality than in Ibo peninsula. The Florida
Index, the EPT index and their components were lUghest in panhandle streams. The
Hilscnhoff Biotic Index, an index of tolerant species. was lowest in panhandle
streamS. Diversity and taxa richness were slightly higher in panhandle streams.
Metric values of pcninsuW' streams indicated lower quality than in the panhandle, but
slightly higher than the northeast ccoregions. These last two subccorcPons, the
Okdenok= Swamps and Plains, and the Sea Islands Flatwoods. seemed to have the
IOWCSl stream quality of any of the reiercnce sites. However, only iour streams were
analyzed from this area. and a la.reer sample would allow comparisons to be made

Chironornidac Taxa. and the Number of Crusa.ecan plus MoUusc Taxa. The
Shannon-Wiener Index, Percent Dipten, and Percent Crusw:cans and MoUusa Me

from the composition measures. Candidate metric:s from the sensitivity measures Me

the Rorida Index, Percent Clau I and CWs 2 Individuals, the HBI, and Percent
Dominant Taxon. Percent CoUector-Galhcrcn, Percent CoUector-Filtcrcrs, and
Pe:rccnt Shredders Me rcprcscnwive trilplUc measures.
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wilh more confidence.

Then: were, however, some diffennces in metric values among \he subcl:orqioas
within the aggregated groups. In particular, subecoregion 7Sa, \he Gulf Coast
Flatwoods, appean intennediale or ttansitionaJ between region 65, \he Southeasu:m
Plains and \he o\her Soulllern Coasla! Plain subecoregions. 7Sb, c, and d, wilh
several metrics having intermediate values in subecoregion 75~ The Gulf Coast
Flatwoods, subecoregion 75a, receives runoff from subccorqions 65f, i, and b, and
has lower topographic relief \han ecoregion 65.

A similar graphical analysis of meDic values ploned by SlI'eam I)'pe revealed a much
weaker influence of stn:am lype, wi\h only four of \hineen meDics having different
values in c:aJcareous and alluvial SlI'eamS \han in sand-bonom streams. Two of \he
meDics are indicators of \he variety and abundance of crusta.ceans and molluscs,
which are cxpccted to be more abundant in calcium-rich waters.

Based on the above analysis, \he following c.lassification of Florida saeams was
recommended:
• Streams of lIle Florida Panhandle, comprising \he Sou\heastern Plains ecorqiOll

(65f, g, h) and \he Gulf Coast Flatwoods (75a).
• Streams of peninsular Florida, comprising the Sou\hwestern Florida Flatwoods

(7Sb) , the Centra! Florida Ridges and Uplands (75c), and \he Eastern eorida
Flatwoods (7Sd).

• Streams of northeastern Florida, comprising \he Okefenokee Swamps and Plains
(7Se) and \he Sea Island Flatwoods (750. .

• Alluvial SlI'eamS and rivers that receive inflow from several subecoregions. 1lle
alluvial rivers are char.l.cterizcd by a predominance of SIlIUcc run-off, seasonal
fl~tions in water quality and flow and a relatively high sediment load.

The above classification must be considered preliminary because of small sample size
in several subccoregions and classes. Therefore, \he following caveau apply:

• Subecoregion 75a, \he Gulf Coast Flatwoods, may be different from \he o\her
panllandle subccoregions, but a larger sample (more sites) is needed to verify or
refute its affinity to lIle other panhandle subccoregions.

• Subecoregions 65g, 7Sc, 7Se, and .75f, and \he alluvial class, are all under­
represented in \he daia set (N - 2 to 4), and any conclusions reprding these are
tentative.

Ea.c.h of \he three major groups is also a contiguous geographic region (panhandle,
peninsula, and northeast), wi\h observable physical and chemical differences between
\he three regions. The observed regional biological differences are partly related to
acid-base chemistry of \he regions. Peninsula Florida is dominated by limestone
bedrock, and surface and ground Walers'are typically well-buffered. Water in \he
panhandle and northeastern Florida are more often poorly-buffered or acidic.----------

RelatiOnships between ambient pH and seva-al metric values are KCII and can be
explaiocd by SU'OIIg correlations between cenain fawla1 JI'OUPS and walCI' with a
certain pH.

Meuic- Calibration: The candidarc metric:s were then calibnlCd through an evaluatioa
of~ reference and impaired lites. 1lle ability of a metric to discriminate between
a reference and a known impaired site is necessary for \he calibratiOll of \he I1ICttic
for monitoring and assessment purposes. I>Illl obtained from Florida DEP's point
source program were used to evahwe \he perfonnance of \he meaics at sites already
det.crmined as being impaired.

Data from Florida DEP's Point Source Procnm were used as a framework to
evaluate \he ability to discriminate between ·good· and ·bad~ biological condition.
Sites In this point source program were either UpSlream or downstream of known
point source dischargers. Many of \he upstream COIIuol sites in \he point source
PrD&tam were not necessarily good reference sites, because of habitat degradatiOll or
some 'o\her reason. Two considerVions in using \he point source daia are that
altboUgh \he season of collectioa was \he I&I1\C as that of \he reference siles, some
point ~urce data were collected \he previous year; and \he methods used in \he point
SOIIICi procnm wen: similar, but not identical in all respecu to \hose employed in
the nimpoint source procnm. However, tbcse considentions did IIOt prevent
in~OII of the data from \he two prognms to evaluate discriminatory ability.

1lle Mlualioo and judgement of the core meaics concluded that five of the metrics,
\he &T Index, Number of Tola! Taxa. Shannon-Wiener Index, Florida Index, and
Pc:rctnt Filteren, were relatively mong in discriminating impairment. Two
metrics-the Number of ChirollOmidae Taxa and Percent Gatherers-were not usefu1
at all in discriminating between refennce and impaired sites. It was recommended
that ihese two meaics be removed from \he suite of core metrics, pending analysis
of additional data.

A corollary stUdy was performed to compare biological sampling methods to
determine whether (I) Hester-Dendy artificial subsuate samplers provide data
representative of stream biological status, and (2) whether dip nets or Hester-Dendy
substi'ates are more powerful for det«ting biological impairment. Results from
statistical analysis of meaics suggest that dip net data are as good or somewhat beUer
\han Hester-Dendy daia in distinguishing biological impairment in Florida SlI'eamS.
These results, together wi\h the fact that use of a Hester-Dendy is more' labor
intenSive and costly, suppon \he use of dip net collections as \he primary
maaoinvertebrate collecting gear for \he NPS monitoring program in Florida.

Florida Index Developmenc The SlI'eam invertebrate index for Florida was
developed by aggregating \he metrics that proved responsive to independent measures
of impacu. Aggregation simplifies management and decision-malcing so that a single
index value is used to determine whether action is needed. The exactnatu
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action needed (e.g., restoration, mitigation, enforcement) is not delemlined by the
index value, but by analysis of the component metrics. The approach used to define
a Aorida index wu to develop expectations for the values of each of the metries
from the reference data set, and to score metries =rding to whether they are within
the range of reference expectations. Metries within the range receive a high score,
those outside receive a low score. The index value is then the sum of the metric
scores. The index is further nonnaliud to reference condition, such that the
distribution of index values in the reiemice sites forms the expecwioru for die
region.

In an assessment, streams can be judged for impairment based on the summed index
value. If the index value is below a criterion, then the stream is judged impaired.
The index value criterion is based on the index value distribution in reference
streams; for example, the lSth percentile (lower quartile) of reference expectations
is commonly used. Reference sites had been carefully selected to be represenlllrive
of least impacted conditions in each ecoregion, and investigators involved in site
selection and sampling were confident that the reference sites represented best
available conditions in Aorida streams. Therefore, the lower quartile of each metric
distribution in reference sites wu selected as the criterion for the minimym value of
the metric representative of reference conditions. Thus, any metric value above
the lower quanile of the reference distribution received the highest posiible score.
Using this ntionale scoring criteria were developed which is a modification of the
methodology of Karr et al.(1986; Karr 1991). Using the scoring criteri&, a stre:am

invertebrate index for Aorida wu calculated in three different ways as iliternatives
for optimizing the index.

• All metries summed.
• As above, but with the Shannon-Wiener Index removed since it is strongly

correlated with the Percent of Dominant Taxon as well as with Total.·Number of
Taxa and, therefore, may be redundant with these.

• As above, but with all weak metries removed. Weak metrics are'those with
limited ability to discriminate between reference and impaired condi~OlU.

All three versions of the index were able to discriminate between reference and
impaired conditions better than the individual memes. Removing the
Shannon-Wiener Index does not affect discrimination ability, nor does removing the
weaker metrics. ' :

The recommended stream invertebrate index for Aorida is: (1) to remove the
Shannon-Wiener Index because of its redundancy with the Number of Taxa and the
Percent of the Dominant Taxon, and its inclusion does not improve the resolution;
but (2) to retain the weaker memcs because their correlations with other memes are
not strong (thus they are independent measures), and because they may respond to
Stres50rs not represented in the point-source data set. The list of core metries tha1
compose the stream invertebrate index are: Number of Total Taxa, EPT Index,

" Dominant Taxon, " Diptera, Aorida Index, " Filterers, and, " Shredders in the
Panhandle (Ecoregions 65, 75a) and in the Peninsula (Ecoregions 75b, c, d), with
, Crustacean/Mollusc Taxa and " Crustacean/Mollusc added in the Peninsula.

AU of these metries will be re-evaluated with • more complete data set of impaired
streams and in different seasons. '

DISCUSSION AND CONCLUSIONS

Adding !ediment and biological community assessments to traditional water quality
monitoring and evaluation approaches greatly enhance the ability of these tools to
ascertain the environmental effects of stormwater discharges. The imponance of this
biological assessment framework in accurately assessing the environmental health of
surface waters is seen by comparing Ohio's use attainment conclusions. The Ohio
Environmental Protection Agency incorporated biocriteria into its water quality
standards regulations in recent years (Yoder, 1989). ThC3C biocriteria are based on
a system of tiered aquatic life uses representing five classes. These include coldwater
habitat, wannwater habitat, exceptional wannwater habitat, modified warmwater
habitat and limited resource waters. These designations have been qualitatively
defined in ecological lenns, and chemical criteria. either quantitative or narrative,
have been established for each. Using both the water chemistry and bioassessment
data, conclusions about the attainment of beneficial uses in Ohio water bodies include
(EPA, 1989a):
• Based on chemical data, 52 % of the segments fully attained aquatic life uses;
• Based on biosurvey data., only 23 % achieved full attainment;
• The two types of assessment agreed on full attainment in 17% of the caJCS with

overall agreement 00 46% of the cases;
• In 35 % of the cases, chemical data indicated full attainment but biosurvey data

indicated partial or non-attainment. In nearly half of these cases, impainnents
were due to habitat or flow modifications, or siltation.

Unfonunately, as can be seen from the activities described in this paper, conducting
the preliminary technical analyses that are essential to establish the scientific rationale
for these assessment tools is not easy, quick. nor inexpensive. Ultimately, the goal
of these efforts is to develop quantitative biocriteria which can be u!ed to more
effectively assess. manage and evaluate stormwater/NPS pollution sources and
management efforts. Metries reflecting community characteristics may be considered
appropriate in biocriteria programs if their relevance can be demonstrated. response
range is vcrified and documented, and the potential for application in water resource
programs eltists. However, before the FDEP can adopt biocriteria, lots more work
must be done to further refine, calibrate and evaluate the biometrics. Frequent
evaluation of metrics and indices is an essential feature of the use of biocriteria.
However, once established, the multimettic approach for assessing biological
condition offen the following attributes: 0) relies on information abo:!t seven!
populations or species assemblages, rather than just target species; (2) relates to a
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community-level potential or cxpcctation based on a reference condition; (3) uses
multiple metria to function as surrogate measures of more complicated clements and
Pl'OCCSSC3; and (4) incorporates ecological principles that enable an interpretation of
exposure/response relations.

Scc:!iment assessment. together with waterShed characterization and mapping of
pollution sources. can be used io screen waterSheds and sub-basins to dcU:nnine
potential "hot spots". Bioassessment and walCr dlemistry sampling can then be done
to assess the acllW health of the aquatic system in these locations. The initial focus
of a bioasscssment should be on habiw quality. Based on a regional reference, the
habiLat at an impacted site may be equal to or less than the desired quality for that
panicular system. If the habiLat at the impact site and reference arc equal, then a
direct comparison of biological condition can be made. If the habiw at the impact
site is lower in quality than the reference, the habiLat potential should be evaluated
as a first step. A site-specific control may be more appropriate than a regional
reference for an assessment of an impact site. If SO, then care must be tak=t in
selecting an appropriate site-specific reference site:to assure that its habiw and
sediment characteristics arc represenLative for the area. Once a determination of the
appropriate reference site type is made, possible outcOmes of the bioasscssmc:nt arc:
(I) no biological effects; (2) effects due to habiw degradation; (3) effects due to
sediment or water quality; or (4) effects due to a combination of sediment, water
quality and habiLat degradation. .

The projccts described in this paper greatly contributed to the development,
refinement.. calibration, and testing of several essential sediment and biological
community assessment tools in Florida. The Depanment is anxious to begin using
these IOOls to better assess the effects of intermittent pollULant sources, evaluate the
effectiveness of BMPs and management programs, prioritize waterSheds and
subbasins for management activities, and, in conjunction with the water management
dis!rieu, to develop and implement the stormwater pollULant load reduction goals
(pLRGs) required by Slate Water Policy and being established through the SLate'S
Surface Water Improvement and Management Program. The sediment and biological
community assessment methods, in conjunction with the recently sLarted effort by the
Dcpanmentto receive delegation of EPA's NPDES permitting program and a future
initiative for basin wide monitoring, permitting, and compliance, provide the
technical and institutional tools nceded to coSl-<ffectively reduce stormwatcrfNPS
pollutant loadings on a watershed basis.

However. before these initiatives can be fully implemenl.l;d, even more analysis and
evaluation needs to be done to refine the assessment methods. For the NPS
bioasscssment program, issues still to be resolved include CFDEP. 1994b):
1. Test the level of subsampling to improve the integrity of the daLa. The level of

subsampling is presently set at 100 organisms. However, only a sma11 portion
of the entire sample is processed to obtain 100 organisms. The subsampling
levels of 100-, 200-, and 3ClO-organisms nced to be tested for appropriateness

i

with a cost/analysis benefit pcrformed following the power-am efficiency (PeE)
prQCCdurc ofFcrn.ro et al. (1989). The PCE should provide the best compromise
between the 1casl costly subsampling cf(ort (IClO-orpnism) and the most rigorous
(3OO-orJanism).

2. Evaluate the winter index period to validate both the site classification and suite
of mctrics for assessment and monitoring during that season. The present
analyses arc rclc:vant only to the first collection of the summer index period. It
is probable that the present site classification and core meuics would not be
altered significantly for the winter daLa set, but this supposition needs to be
tested. In addition, subsequent summer and winter datascU collcctcd in 1993 and
1994 should be incorporated into the analysis. The FDEP recently obtained a
Section 104(b)(3) grant from EPA that will allow these analyses to be performed
by Tetra Tech.

3. Validate the classification of 6Sg, 7Sa, 7Se, and 7Sf. These subccorcgions arc
W\dcr-represented by reference sites. An evaluation of their classification could
~ improved with the sampling of additional sites. A co1laboration with the
neighboring SLateS of Georgia and Alabama may be instrumental in increasing the
sample size of the sites. A greater portion of the subccorcginns of 6Sg, 7Se, and
7~f arc in those neighboring SlateS.

4. EVa!uate the Hilscnhoff Biotic Index (HBI) as a sensitivity measure. The RBI
~ evaluated as part of the present daLa analyses. However, too many
alSumptiOns had to be made rcprding the tolerance assignment to the various
ll!Jta. Logically, the RBI should be more meaningful than similar measures in
uscssing biological condition, because the index incorporates information from
the whole assemblage. The proper assignment of tolerance scores shou1I:I be
aiidrcsscd and the efficacy of the RBI mcttic rc-evaIuated. Similarly, tolerance
usignmcnts should address a broader r&n\le of polluLants.

S. Conduct habiw evaluations at reference and habiLat-Iimited sites to dctcrminc the
resolving power of the habitat parameters along a ifadient of impact. This kind
of analysis has been done for the biometria using rnaaoinvcrtebrate daLa from
point source impact studies. Sites with nonpoint source habiw IimiLations e.g.,
erosion. deforestation. etc. should be included and the evaluation will require site­
specific chemical analyses to separate chemical and physical limitations 10 the
biola.

6. Develop a software program to handle the storage, sorting, and analysis of the
biological and habiw data. For the department to successfully implement the
bioasscssment program, a "user-friendly" program should be developed. A
contractor has bc:cn hired to review the current Florida DEP computer programs
for handling specific biological daLa SCIS and to modify them to include the
present suite of metria and assessment approach.
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Detecting Water Quality Trends from
Stormwater Di.sclwge Reductions

Robert Pitt, member I

Almrm

The detection of changes in pollution levels over time is an imponant
objective of many environmental monitoring programs, This is especially true in
stormwater pollution control. In some areas, a great deal of money has been spent to
reduce stormwater discharges of pollutants (both wban and rura.I) and there' is much
pressure 10 demonstrale improvements in water quality. Trend analyses can be an
impenant and powerful tool in demonstrating benefits of stormwater pollution
control. Unfortunately,lack ofdata, or poorly designed data gathering efforts, greatly
hinder the use of this technique. This paper will describe several trend anal)"CS tools
and the type3 of data needed for their implementation. It will also present a case
study showing water quality benefits in a lake associated with the implementation oC
an innovative stormwater control prognm.

A full-scale plant, using the Karl Dunkers' system for treatment of separate
Itormwater and lake water. has been operating since 1981. The treattnent f~lity is
loc:nted in the northern pan of Lake Rllnningesjlln. near Stockholm. Sweden. Excess
flows are temporarily stored before treatment Stormwater is pumped to the treatment
facility during rains. with ClttesS flows stored imide in-lake flow baJancinll tanIcs (the
Flow Balancing Method. or FBM). The treatment system consists of a chemieal
treatment system designed for the removal of phosphorus and uses ferric chloride
precipitalion and cross/low lamella clarifiers. The stormwaler is pwnped from the
/low balancing slorage tanks to the treatment facility. Lake water is also pumped to
the lrentment facility during dry periods. after any excess stormwater is treated.

1 Associate Professor. Department of Civil and Environmental Enginceriilg. Tbe
University of Alabama al Birmingham, 1150·IOth Ave. So., Birmingham, Alabama
35294-4461

The FBM and the associated treatment system significantly improved lake
water quality through direct treatment of stormwater and by pwnping lake water
through the treatment system during dry weather. The annual average removals of
phosphorus from Slormwater and lake water by the ferric chloride precipitation and
clarification treatment system were 66 pen:ent, while the annual average total lake
phosphorus concentration reductions a.veraged about 36 percent

Stati:stically Bll5ed Ircnd Analyscs

Several publications have excellent descriptions of statistical trend analyses
for water quality dara. In addition to containing detailed descriptions and examples oC
experimental design methods to determine required sampling effort, Gilbert (1981)
devotes a large portion ofhis book to detecting trends in water quality data and
includes the code for a comprehensive computer prognm for trend analysis.

Rec:.lcbow and Stow (1990) present a comprehensive assessment of the
effectiveness ofdifferent water quality monitoring programs in dCleCting water

quality trends using EPA STORET data for several rivers and laIces in North
Carolina. They fOlllld tbaimost of the data (monthly phosphorus., nitrogen, and
specific conductance values were examined) exhibited seasonal trends and inverse
relations with flow. Some of the dam also exhibited autoeorrc1Jtion. The remaining
random variation (considering the correlations) was then used to determine the
munber of monthly samples needed for a given power (IJ) and significance (a). In
many ClISCS, large Dumbeo of samples would be needed to detect changes of 25
percent or less (typical for stormwater retro-litting activities).

Uri (1991) used the Box and JenIcins model to examine trends in sediment
loadings to a portion of the Iowa River. The sediment loadings more than doubled in
the years from 1948 to 1985. They also presented a method to examine factors
causing this trend. They (ound a strong cause-and-effect relationship between
acreage planted in soy beans and corn. For each I percent increase in planted area Cor
either of these two crops, a sediment load increase of about 0.4 percent was likely.

Reclchow. tl aI. (1992) prepared a detailed manual presenting nonparamenic
analysis methods for examining water quality 1rends in lalee waters. The manual
presents a brief summary of basic concepts and approaches in applied stlUistics.
followed by discussions of hypothesis testing and conunon assumptions for
statistica1tCSlS. The manual contains detailed examples of lake and watershed wide
water quality trend analyses. SAS macros are included to efficiently evaluate water
quality trends.

Spooner and Line (1993) present recommendations for monitoring
requirements in order to detcet trends in receiving water quality associated with
nonpoint source pollution control programs. based on many years experience with
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the Rural Clean Water Program. These recommendations, even though derived from
run! experience, should also be very applicable for urban receiving walCl' lI'CDd
analyses. The following is a general list (modified) of their recommc:adcd data DCCda
for associating w&Itr quality II"Cllds with land uscIueaancnt treDds:

• Appropriate and sufficient control practices occd lO be implemeuted. A hiah
level of participatiOn/control implementation is needed in the watenhed CO result in •
substantial and more easily obsc:M:d walCl' quality improvemt:Dt. Controb occd CO be
used in areas of grealCSt benefit (critical soUrt:c III'QS, or in drainages below major
sources ) and most of the area must be treated.

• Control pnu:tice ancIland usc monitoring is needed to separate and quantify
the effects of changes in walCl' quality due to the implemented controb by reducing
the IWisticallXlofusion from other major fa.ctors. Monitor changes in land use and
other activity on • frequent basis lO observe temporal changes in the wazcnhcd.
Seasonal variations in runoff quality can be great. a1oo& with seasonal variations in
pollUlant sources (monilOr during all flow phases, sucl! u during dry weather, wet
weather, cold weatbc:r, wann wcalhcr. for example). COUect monicoring data and
implement controls on a watershed basis.

• MonilOr the poUutants affecting the beneficial uses of the rcccivina walen.
Conduct the trcIld analyses for poUutants of cooccm, Iiotjust for C&SY, or lXInVCllicm.
parameters.

• Monitor for multiple years (at least 2 to 3 yUrs for both pre- and poll­
control implementation) lO account for ycar-to-ycar variability. UtiIizIC. good
cxpcrimenl&l design, with preferable usc of parallel watersheds (one must be.
control and the other undergoing treatment). .

Other w&Itr quality t=ld analysis references contained in Uri (1991) include
Bound Jenkins (1970), Hipcl and McLeod (1989), Hipcl, .1 Dl. (1988), Hinch
(198g), HilSCb and Slack (1984), and Taylor and Loftis (1989). Reclchow. cJ Dl.
(1992) also listed the foUowing applicable refcrcnccs: Berryman,.1 Dl. (1988),­
Hinch, et al. (1982), Lcnenmaier (1976), and Montgomery and Loftis (1987).

Preliminary evaluatioos bt:fon: trend 8nalysa an:: used

Gilbert (1987) illustrates several sequences of water quality data Ihal can
co~ t=ld analyses. It is obviously easiest lO detect. trend when !he trend is large
and the random vuiation is very small. Cyclic data (such as seasonal changes) often
arc confused as t=lds wh~ no trends exist (type I CITOr) or mask trends that do exist
(type 2 error) (Rcclchow and Stow 1990; Reckhow 1992). Tht= data chanlctcristics
need to be addressed before the data can be analyzed for t=lds because of confusing
factors. These Include:

• Measure data corrclations, u IIlOIt statistical latS require UDCOrrelatcd data.
Ifdata aR taken close together (in time or in location), they arc likely partially
corrdatcd. M an example, it is likely Ihal. hi&h value is closely IW1'OUDdcd by other
relatively high values. Close data can then:fore be influenced by each other and do
DOt provide unique infomwioD. This is cspeciaI1y imponant wben deIcrminina
coDfideocc limits of pmiietcd values or when detcnnining the number ofdata occded
for. trend analyses (Reclchow and Stow 1990). Test JWistics developed by Sco can
use dependent data, but they may require several buDdrcd data observations lO be
valid (Gilbert 1987).

• Remove any scasooaI (or daily) effects. or acIect. data analysis proccdun:
that is Ullaffceted by data cycles. The DOnparamClric Sen test can be used wbcD DO
cycles arc present, or ifcyclic effects arc removed, while the seasonal K.cndaI1 test is
DOt a1fceted by cyclic data (Gilbert 1987).

. • Iclcntify any other likely predictable effects on cona:ntrations and remove
their influence. Nonnally occurring large variations in water quality data cuily masIc
COn:uDonly occurring subtle 1rCDds. Typical relations bctM:en water quality and flow
me (for flowing water) can be ddcctcd by fittina • regression equation to •
conct:ntration VI. flow plot. The residuals from subtracting the regression from the
data are then tested for trends usiDi the seasonal K.cndaU test (Gilbert 1987).

Rcckbow (1992) presents • chart li.sting specific IU:pS that need to be ukcD lO
address the above problems. These stepS aR U foUows:

. (1) Cbcc.k the data for dctcrmiaistic patterns ofvariability (such u
conc:entration versus flow by usiDi graphical and statistical methods). If
deterministic patterns exist. subtrll:t the modeled pattern from the original data,
lea$g the residuals fur subsequent seasonality analyses.

, (2) Examine the remaining residuals (or data, ifDO clctcrministic pancrns
exist) for seasonal (can be shon period, such u daily) variations. Again use graphical
and JtatisticaJ methods. If"seasonality" exists, subtrll:t the lDodeled seasonality froID
the data (residuals froID In abovc).leaving the rcmaini.n& residuals for sublcquent

.trend analyses.

(3) Conduct the trend analysis on the residuals from 112 above, using the
standard seasonal K.cnclaJl test . If a trend exists, subtrll:t the trend, leaving the
remaining residuals for subsequent autocorrelation analyses.

(4) Test the remaining residuals from 113 above (or the raw data, if no
detcmlinistic or cyclic patterns or t=lds were found) for autocorrelation. If the
autocorrelation is significant. re-evaluate the trends using an &!1tocorrelatcd~rTCCtcd

-----,vcniorrofthe-scasonaJ-K-endall (orregularK-enclaJl) t=-lf-no-autocorrelation-wu--------1
found, use the standard seasonal KenclaJl test if seasonality was identified, or the
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standard Kendalllcst if no seasonality was identified. The final residual variation is
then used (after correcting for autocorrelation) in calculating the required numbcz- of
samples nceded 10 detect trends for similar situations.

StatjstiCllI methods ayailable for detccting mnds

The code for the computer program contained in Gilben (1987) computes
Sen's estimator of slope for each station-season combination, along with the seasonal
Kendall test, Sen's aligned tcst for trends, the seasonal Kendall slope estimator for
each station, the equivalent slope estimator f.or each season, and eonfidence limiu on
the slope.

Walmbcd ChaOlcleriSlics Dnd Tn:a1menl SystclD

Lake Rllnningcsjlln is located in Tlby. Sweden, near Stoclcholm. Figure I
sbows the lake loca~on. the watenhed. and the surrounding urban areas. The
watershed area is 650 ha. including Lake Rllnningesjlln itself (about 60 ha), and the
urban area that has irs stormwaler drainage bypassing the lake (about 175 bal. The
effective total drainage area (including the lake surface) is therefore about 475 ha.
Table I summnrizes the land use of the lake watershed areA. About one-half of the
drainage area (including the lake itself) is treated by the treatment and storage
operation.

Fil""' I. 1.01<. ItllnninI<"iGn --.hal In Toby, S-""

\
'- r
7

I,DOOm 2,000m

I , I(

.,~fra
Taby Town Center ""'

~~t.·l~.

Graphjc;ll methods. Several sop~cated graphical methods an: available for
trend analyses that use special smoothing routines 10 reduce shon-term variations so
the long-term trends can be seen (Gilbert 1987). In all cases. simple plots of
concentrations versus time of data collection should be made. lhis will enable
obvious data gaps, potential shon-term variations, and distinct long-term trends to be
possibly seen.

Regres,ion methods. A time-honored approach in trend analysis is ui perform
• least-squarcs linear regression on the quality versus time plot aDd 10 c:oDduet • t test
10 determine if the true slope is not different from = (Gilbert 1987). However,
Gilben (1987) points out that the t Icst can be misleading due 10 cyclic data,
corre1aIcd data, and data that an: DOt DOrma1ly distributed.

Mann-Kendal! test. lhis test is useful when missing data oc:cur (due to gaps
in monitoring, such as if frozaI waten oc:cur during the winters, cquipmeD1 failures,
or when data an: reponed as below the limit of detection). Besides missing data, this
test can abo consider multiple data observations per time period. lhis test abo
examines m:ods at multiple stations (such as surface wale%S and deep wau:rs, etc.)
and enables comparisons of any trends between the stations. lhis method~ is DOt
sensitive to the data distribution type. lhis test can be considered. oonpananett:ic
test for = slope of water quality versus time of sample collection (GilbettI987).
Shon-term (such as seasonal cbaoges) cycles and other data relationships (sUch as
flow versus conceo!rll1ion) affect this test and must bC com:cted. Ifdata an: highly
correlated. then this test can be applied to median values in each disc:rele tUDe
groupings.

Sen's nOOtmrlllJletric cnimatQT Of ,Iooc. Being a oonparamett:ic test based on
ranks, this method is not sensitive to extreme values (or gross data erron) Wbe:n
calculating slope (Gilbert 1987). This test can also be used when missing data oc:cur
in the set of obsetvarions. It is closely related to the Mann-Kendall test.

Smoo.d Kendall test. This method is preferred to most regression methods if
the data an: skewed. serially correlated. or cyclic (Gilbert 1987). This test Can be
used for data set! having missing values. tied values. censored values (less than
detection Iimiu) or single or multiple data observations in each time period. The
testing of homogeneity of trend direction enables one to determine if the S\<IJlCS at
different locations an: the same. when seaSonality is present Data correlations (such
as flow versus concentration) and dependence also affcct this test and must be
considered in the analysis.
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Fie- 3. c:n--iaD ofFBM ..lab I8Ilka.

Table I. Lak. R.Ooninaa.iOn WeIa1Ilcd Cllar8cUrillics - -
AnaT.-.d ...ddltioftel ....... TocaIARa

urban ~O he 100 ... ISO ... (32%)
(Ofal 7S ... 10 ... ISS'" (]2%)
&&ric:ullUR 6~be 4~'" 110 ... (23%)
.... 1lItf.... 60 ... 60 ... (\]%)

IOl&I dninac' 250 ... 215 ... 47S be (100%)

The lake volume is about 2,000.000 m3 and has an &IlIluai oulflow ofabout
9S0.000 m3. The estimated mc:ao lake resident time is therefore sli&hlly more than
two yeus. The avenge lak.c depth is 3.3 m. It is estimated that the rain fallina
dircctJy on the lake surface itself contributes about onc-balf of the total lake outflow.

The treatment proc:css consisu of an in-lake flow balancina storage tank
system (the Flow Balancing Method. or FBM) to contain excess stormwalCr 110wt
which arc pumped to a trcalment facility during dry weather, The treabnent f.acility
uses farie chloride and polymer precipitation and cross1low lamella clarifiers. Fiaure
2 illustrates the layout of the FBM. the treatment facilitY. and the lake disc:harBc in
the northern end of Lake ROnningesjOIL Figure 3 sho~ the crosa-sc:c:tion of the FBM
in the lake. It is make ofplastic curtains forming the cell wall£, supported by l10ating
pontoons and anchored to the lak.c bottom with weights. _. -...,...

-:- .
Ficure 2. T'--ll)'llall
layout ill Lake IlClaAiDcajOcL

G'"..

Figure 4 shows that the FBM provides storage ofcontaminalcd waICr by
displacing clc:ao lake water that enters the storage facility during dry wa.thcr u the
FBM waICr is pumped to the treatment system. All stormwtter cntel1 the FBM
dimiuy (into cell A). The pump continuously pumps waICr from cell A to the
chemical trcalment area. If the stormwater CDlCrs cell A Cuter than the pump can
rcmllve it, the stormwalCr flowt through cunain opc:ninas (u a dua flow) into cells
B. C. D. and finally E. displacinalake waICr (bcncc the term flow balancina).~ the
pump continues to operate. stormwatcr is drawn back into cell A and then to the
trcatinent facility. The FBM is designed to capture the entire runolf volume of most
storms. The Lake ROnningesjOn treatment system is designed to l/'CI1 waICr at a
higher rate than normal to enable lake water to be pumped throuah the trcalmen1
system after all the nmolf is treated.

The FBM is mainly intended to be a storage device. but it also operates u a
wet detention pond, resulting in sedimentation of particulate polluWttl within the
storage device. The first two cells of the FBM facility at Lake ROnningeajOn we:rc
dI'Cllged in 1991. after 10 years ofoperation, to remove about one meter of polluted
scdimenL

The treatment flow rate is 60 m3fhr (about 0.4 MOD). The ferric chloride
feed nne is about 20 to 3S grams per cubic meter of waler. About 30 m3 of thickened
sludge is produced per day for co-disposal with sludge produced at the regional
lIJ1itary WlIStCwaler treatment facility. The annual opcnlting costs arc about S28.OOO
per year (or about SO.03 per 100 gallons of waICr trca1ed), divided u shown in
Table 2. .
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Fiaure 4. Flow pMlem ill FBM.

Table 2. su.rm-T_S,-m Openlinl e- s-laIown

chemicals 26'Mo
eleclriclty I
.Iudle InlIIpCWt 3
labor 41
.....p1inIN..tyaa 22

From 1981 through 1987, the FBM operated an average of about SSOO hours
per year (aboul 7.6 months per year), tn:ating an avenge of about 0.33 million m3

per year. The treattnenl period ranged from 28 to 36 w=ks (gcncraJly frOm April
through November). The FBM treatment system treated stonnwater about 40% orits
operating time and 1a1ee water about 60"10 of its operating time. The FBM trcaIment
system directly treated about onc-ha1f of the in-flowing waters to the laIc.c (at alcvcJ
of about 70"10 phosphorus mnoval).

I.ake RQnnjngcsiQo and Treatment System Php:sphOD!S Budget3

Two tributaries flow dircctJy to the Ircatment facility. Excess flows
(excceding the treatment plant flow capacity) are directed to the FBM in the lake.~
the flows in the tributaries fall below the trcaancnt plant capacity, pumps in the FBM
deliver stored slonnwater runolf for treatmenL When all of the stonnwater is pumped
from the FBM. the pumps deliver lalee water for treatmenL Tables 3 and 4

summarize the runoff and lake volumes trealed and phosphorus removals during the
period of treatment.

Tabl. 3. Willer Ba1aI>ce ror,T.........t Systalt (m3)

Frvm Frocn T~ Frocn T~treated Stonn_,'Mo
Trib.A Trib. B Starmwaer Lake ODd discbarled or IOlaIInlIted

1911 IIS.IOO tOt,loo 216,200 121.600 407,700 70

1912 112,700 41,000 IS3,7oo 231.700 391,900 39
1913 14.400 6,400 20,100 1$0.000 271,000 I
1914 122.000 S3.OOO t7S,ooo 9S,OOO 270.000 6S
19.5 96.600 46,$00 143,too t49.ooo 292,400 49
1916 216.000 16.000 302,000 41.000 3S0.OOO 16

1917 243,000 97,000 340,000 13,000 3$3.000 96
1911 26,200 19,300 4S,5OO 116,300 231,100 20
1919 24,900 19,900 44,100 267,700 312,$00 14
1990 12,160 1,330 20,490 201,270 221,760 9
1991 11,610 7,710 . 19,390 121,730 141,120 14

Table 4.1'IlospboruI TralItICIftt Mus 8IIIDce (\c&)

FIUIl FIOrD FI'OIll T~III P cIisclwIed P..........-I 'Mo ......ovat
. Trlb.A Tnl>. B Lake - 10 Lake

1911 20.3 16.1 10.2 47.3 13,6 33.7 71.2
1912 1.0 1.0 11.0 34.0 12.1 21.2 62,4

1913 1.5 1.$ 20.0 24.0 1\.0 13.0 54.2

1914 10.0 9.5 3.0 22.S 10,0 11.$ SS.6
19.5 7.1 S.9 2.1 IS.1 4.3 10.1 7\.S
1916 IS.2 2 \.4 3.7 40.3 S.1 3S.2 17.3
1917 1&.6 7.5 1.7 27.1 4.3 23.5 14.5
1911 1.7 2.J 9.2 13.2 6.1 7.1 S3.1
1919 1.7 \.4 14.1 17.2 7.6 9.6 SH
t990 1.3 0.3 10.5 12.1 3.7 1,4 69.4
1991 7.7 . 9.& S.6 23.1 1.9 14.2 6\.S

Then: have been highly variable levels of phosphorus treatment from
stormWll!er during the period ofopcnuion. 1988 through 1990 had low phosphorus
removals. These years had relatively mild winters with substantial stormwa1Cl' runoff
occurring during the winter months when the treatment system was nol operating.
Normally, substantial phosphorus removal 00CUlT'Cd with spring snowmelt during the
early weeks of the trcattncnt plant operatioo each year. The greatest phosphorus
improvements in the lalee occurred during the yean when the largest amounts of

stormwater were treated.

The overall phosphorus removal rate for the II yean from 1981 through
1991 was about 17 kg/year. About 40"/. of the phosphorus removal occurred in the
FBM from sedimentation processes, while the mnaining 0CCUlTCd in the cbemical
treatment facility. This phosphorus mnoval would theoretically cause a reduction in
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fipn ,. CllorophyU a~ wiIb IiaM ()la/L)

phospholllS conccnll'lllions of about I0~ pet year in the laltc, or a IOtaI
phOSphOlllS reduction of about 100 1lg!L during the data period since the lrQ1mczI1
system began opention. About 70% oflhis phospholllS removal was associated with
the tre:alment of stonnwater, while about)OOIo was assoc:iatcd with the treatmelI1 of
lake: waler.

Ob$crvg1 Ipoc·Tmn I ike ROnnjnggiOn WIler 'ba'jtv Tn;pd$

Lake RllnningesjOn water quality has been monitored siDc:c 1967 by the
Institute for Water and Air Pollution Rcscan:h (IVL); the University ofTechnology,
Stockholm; the LimnologicailnstilUlc at the University of Uppsala; &lid by
Hydroconsult Corp. Surface and subsurface samples WC'C obtained at one or two 1akc
locations about five times pet year. In addition, the lributaries being treated,
incoming lake water, and discllarged water, WC'C all monitored 00 all woecIc.days of
lnIalment plant OpcratiOIL The creek lributary flow rates. WC'C also monitored using
overflow weirs.

?:
~.

~.o.

_So.1k

J

Moalk
_tiona _ Tread (-4.001 1Ii/U1r)

The FBM started opcratioo in 1981. Based 00 th~ hydrau1ic deu:oIioo time of
the lake, seve:aI years would be required before a OCW water quality equilibrium
cooditioo would be established. A DeW water quality eqUilibrium will cventually be
reached after existing pollUlaDlS are reduced from the laltc water and sediments 1bc
new water quality conditions would be depc:odc:nt 00 thO laltc tlushiog rate (or
detention time. estimated to be about2.! years), and the DeW (reduced) pollutaot
discharge levels to the laltc. Without lake water trealmCI1l, the equilibrium water
quality would be worse and would take loDger to obtain.

Figure 5 is a plot of all chlorophyll Q data collee:u:d at both the south and
north sampling stations. Very little ttcnd is obvious, but the wide swings in
chlorophyll Q values appeared to have been reduced after the start of stormwater
treatment. Figure 6 is a three-dimensional plot of smoothed chlorophyll Q data.
indicating significant tn:nds by season. The values started out relatively low each
carty spring and dramatically increased as the SWIIIIler progressed. This was expccu:d
and was a function of algal growth. Homogeneity, seasooal Kc:odalJ and Mann~

Kendall suuistical tests (Gilbert 1987) were cooducted using the chlorophyll Q data.
The homogeneity test was used 10 determine if any ttcnds fouod at the north and
south sampling stations were different. The probabilities that the ttcnds at these two
stations were the same were calculated as follows:

,00

tIJ

tIJ

~

fipn 6. CIllorophyllalrCllda by __ ODd r- <NIL).

Probabilityx2
ntis test shows that the trend was very significant (p<o.OOI) and was the same at

season 14.19 0.223 both sampling stations (1'-1.000). The seasonal trend tests only compared data
station 0.0000 I 1.000 obtained for each season, such as comParing tn:nds for JWlC observations alone. The
stalion-season 0.458 1.000 station-season interaction lerm shows thaI the chlorophyl1 a conccnuation tn:nds at
Trend 21.64 0.000 the two slalions were also vety similar for all months (1'-1.000). Thc:n:forc, the

aampling-data-from-both-slations-wefe-combincd-for-funhcr-anaI-yscs •
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x2 Probability

season 17.15 0.103
station 0.012 0.913
station-season 3.03 0.990
Trend 29.44 0.000

The seasonal Kendall leSt calculated the chlorophyll a concentBtion trends
and determined the probabilities that they WCT'C not zero. for all months separately.
This test lind the Mann-Kendall tests found that both the north and south sampling
locations h:ld slight decreasing (but very significant) overall trends in concentrations
with inerensing years (PSO.ool). However. individual monthly trends were not very
significant (P~.05).The trends do show an imponant decrease in the peak
concentrntions of chlorophyll a that 0CCUI'red during the fall months dwiDg the years
of the FBM operation. The 1980 peak values WCT'C about 60 IlglL, while the 1987
penIc valuC$ WCT'C lower. at about 40 IlgIL.

Swecfuh engineers (SOderhmd 1981: and Lundlcvist and SOderlUDd 1988)
sUmmarized major changes in the algal species present and in the algal biomass in
Lake ROnningesjOn. COlTOborating the chlorophyll a and phosphorus limiting nUlrient
observations. From 1977 through 1983. the 1a1ce was dominated by a stable
population ofthread-shapcd blue-gJ'CCII a1gaes (especially OscillOlariD sp. and
Aphaniromenon f10s DqllDef gracile). Since 1985. the algae population was
unstable, with only a small amount of varying blue green (GomphosphaeriD). silicon
(Melosira. Asterionello and S.I'ncdra) and gold (Chrysochromtdina) alp: species.
They also found a substantial decrease in the algal biomass in the IaIce. From 1978
through 1981. the biomass concentBtion was commonly greater than 10 mgIL. The
observed maximum was about 20 mglL, with common annual maximums of 15
mgIL in July and August of each year. From 1982 through 1986. the algal biomass
was usually less than 10 mgIL. The observed maximum was 14 mgIL and tbC typical
annual maximum was about 6 mgIL each late summer. The IaIce showed lID .

improvement in its eutrophication level since the start of the stormwa1er treaaneDt,

going from hypotrophic to eutrophic.

Figure 7 is a plot of all Secchi disle transparency data obtained during the
project period. A very large improvement in transparency is apparelt from~ plol,
but lBrl;e variations were observed in mon years. Figure 8 shows these annual
variations in grouped box plots. A large improvement may have oc:curred in the first
five years of stormwater treatment and then the trend may have decreased. The .
smoothed plot in Figure 9 shows significant improvement in Seccbi disk
transparency since 1980. This three-dimensional plot shows that the early yean
started off with clearer water (as high as 1 m transparency) in the spring and then
degmded as the seasons progressed. with transparency levels falling to less than
0.5 m in the f:tll months. The later years indicated a significant improvement,
especially in the later months of the year.

Homogeneity. seasonal Kend:tll and Mann-Kendall statisticaltest5 (Gilbert
1987) were conducted using the Secchi disle transparency data. The homogeneity teSt
was used to determine if any trends found Dt the north and south sampling stations
were different The probabilities th:It the trends :It these two stations were the same

were C:llculated I1S follows:

13 Pitt 14 Pitt



·' - - - .. ..
.- .. - _.- .. .. .. - - -~ '.

g­
I­
1-..

.\ v I. . ....~. .
_ Souk _ "0IIll _ $ooItlI _"0IIll

~.
~

12 Probability

ICUOn IS.38 0.166
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These statistic show that the observed trmd was very significant (p<o.OOI) and was
the same at both stations. The Seasonal Kcndall and Mann-Kendall tests found that
both \he north and south samplingloc:atioDS bad increasinglnU\Sparency values (the
average trend was about 0.11 meter per year) with increasing years (p<o.OO I). The
tRnd in later years was found to be less than in the early years. The tralUparcucy bas
remained relatively stable since about 1987 (ranging from about I to 1.5 m). with

less seasonal variations.

Figure 10 plots observed phosphorus conc:enuations with time, while Figurc
II is a smoothed plOI showing seasonal and annual variations togethct. The initial
Sleep phosphorus concentration decreases in the early years of the FBM operation
WCR followed by a sharp increase durin8 later years. The increase was likely
associated with the dec:rcased levels of stormwater treatment during the mild winten
of 1988 through 1990 when the treatment system was not operating; large amounts
of untreated stormwatcc were discharged into the Ialc.e inslead of being tied up as
snow to be treated in the spring IS snowmelt runoff.

Individual year phosphorus concentrations leveled off in the summct (aboUI
July). These seasonal phosphorus uends Wel'C found 10 be very significant (PSO.002).
but were very small. using the seasonal Kendallicst (Gilbert 1987). Homogeneity

,eo
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lbollWlD and Mueller (1987) presented the following equation to estimate
the resulting water pollutant concentrations associated with varying input loadings
for a well-mixed lake: .

eq. I

",.
Ftaun 13. Toeal Kjeldahl ailroaa tnlndJ by __ and year lI'&iL).

,.rP

,eo'

~

St- (MN) exp (.Trrd)

This equation was used to calculate the yearly total mass discharges of phosphorus to
Lake RllnningesjOn. based on observed lake concentrations and lake hydraulic
flushing rates. It was assumed that the varying concentrations observed were mostly
caused by varying mass discharges and much less by variations in the hydraulic
flushing rate. The flushing rate was likely to vary, but by relatively small amounts.
The lake volume was quite constant and the outflow rale was expected to vary.by
less than 20 percent bee:tuse of the relatively constant rainf~11 that occurred during

where St - concentration associated with a step input at time l,
M - mass discharge per time-step interval (kg),
V • volume oflake (2.000,000 m3),
T. time since input (yean), and
Td - hydraulic ~idence time, or lake volumellake outflow (2.1 years).

FilU"' 12. Toeal Kjeldahl nl........ obia ....... willi time ("IlL).

~-.
~­
~

A simple water quality model was used with the Lake Rllnningesjlln daIa to
determine the total annual net phosphorus discharges into the lake and to estimate the
relative magnitude of various in-lake phosphorus controlling processes (usociated
with algal growth and sediment interactions, for example). These estimaled total
phosphorus discharges were compan:d to the phosphorus removed by the.treatment
system. The benefits of the tl'Clltrnent system on the lake water quality were thea
estimated by comparing the expected lake phosphorus coneentrations as if the
trelItment system was not operating, to the observed lake phosphorus concentnttiODS.

• ' !• • N08U1· -
_ Sooolk _ Hon. _ Sooolll _ HOl1II

lac Watct Qyality ModCI

Figure 12 shows all Kjeldahl nitrogen values plotted with time and Figure 13
is a smoothed plot showing seasonal versus annual trends. An increase: in nitrogen
concentrations is also seen to have oc:curred from the beginning of each year to the
rail months. However, the overall annual trmd decreased during the rust few years of
the FBM operation, but it then subsequently increased. These total nitrogen
concentration variations were similar to the total phosphorus concentration'
variations. However, homogeneity, seasonal Kendall and Mann-Kendall statistical
tests (Gilbert 1987) conducted using the nitrogen data found that neither the north or
south sampling locations bad significant concentration trends with increasing year3
(P>O.2). However, lake Kjeldahl nitrogen concentration n:ductions were fOWld to
occur during year3 when the FBM system was treating the largest amounts of

stonnwater.

The overall lake phosphorus concentrations ranged from about IS to 130 11g!L, with
an average of about 6S I1g/L. The moniton:d stormwattt, before treatment., had
phosphorus concentrations ranging from 40 to >1,000 ..gIL. with an avenge of about
200l1g1L.
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the years ofobservation (avenge rainfall of about 600 rum. with a coefficient of
variation of about 0.15).

The total mass of phosphorus discharged inID the lake each year from 1972 10

1991 was c:aJcula1ed using the following equation (an expansion of equation I).
solving for the Mn-x terms:

Sn - Mn [exp(-Tnfl"dyYJ + Mn_1 [exp(-Tn_IffdVV] + Mn-2 [exp(-Tn_2ffdVV] +
Mn-3 [cxP(-Tn_JlTdyYJ +.... eq.2

where Sn is the annual average phosphorus co=tration during the CUITCZlI year.
Mn is the nel phospborus mass disc:barged inlO the 1akc during the current year, Mn­
I is the pbosphorus mass discharged during the previous year, Mn-2 is the
phospborus mass that was disc:barged two years previous, etc.

The elfec:ts of discharges inlO the lake many years previous to a co=tration
observation have little elfec:t on thaI yeats observations. Similarly, more recent
disc:barges have greater effects on the lake's concentrations. The magnitude of effect
that c:ac:h year's step discharge has on • more =1 concentration observation is
dependent on the exp(-Tnfl"d) factors shown in equation 2. A cum:nt year's discharge
affects that year's concentration observations by about 40 perc:cnl of the steady-stlllC
theoretical value (MN), and a discharge from five years previous would only a1fec:t
the CWTCIII year's concentration observations by less than ICD percenl of \be
theoretical value for Lake ROnningesjOn. Similarly, a ncw steady-SIalC di.sc:barBc
would require about 4 years before 90 perc:ent of its equilibrium co=tration would
be obtained. It would therefore require scvc:raJ years before the elfccts of a dcaease
in pollutant disc:harges would have a major effect on the lake pollU1ant
conCCltrations.

have shown a rdativcly Ilady iaaase fiorD about SO ID about 100 llafL over \be 20
year period. With treatment, \be 1akc phospholUS c:onc:cntrations were bcld within •
relatively IWTOINU range (from about SO ID 75 J1sfL). The lake phospboNS
concentration improvcmenll averaged about SO lJafL over this period of time,
compared ID an expected theoretical improvemc:nl of about 100 llafL. Tbcn:fon:, only
about onc-halfof \be theoretical improvemc:nl oc:curn:d, probablYbcc:a1DC of
Jedimenl-walcr interdlange of phosphorus, or otbcr unmc:uured phospboNS-.

zooi-i---------------------

15011-----------------------

01001 I \:~ ;Ie:::: J::: 7'

50~ - ~. -. r..- .
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• t.teuured P cone:., ugIL II P cone:.. ugIL. 1/ no tr_
Fiaure 14. ElTeeu o(traallll ... Lab lUlaDiDaaJOn~ p/lClIphanIIlXIIlCCIIInIion (jla/L).

Conclusigns

The annual conuol of phosphorus ranged from about 10 to 50 pcrc:cnt, with
an average lalee-wide level of conuol of about 36 percent, during the years of
treatment plant opcnuion. It is estimated tba1 there would have been about a 1.6
times increase in phosphorus discharges into Lake ROnningcsjOn if the tn:atlIlcnt

system was not operating. There was a substantial variation in the year to year
phosphorus discharges, but seven! trends were cvidcnL If there was no trcatme:n1, the
phosphorus discharges would have increased over the 20 year period from about 50
to 75 kg per year. With treatmcot, the disc:harges were held relatively collSW1t at
about 50 kg per year (as evidenced by the lack of any observed phosphorus
concentration trend in the lalee). During 1984 through 1987, the phosphorus
discharges were quite low compared to other years, but increased substantially in
1988 and 1989 because of the lack of stormwater treatment during the unusually mild
winters.

The in-lake flow balanc:ing method (FBM) for storage ofexcess IIOrrnwalCr
during periods of high flows allowed for 10INU treatment flow rates. while still
enabling a large fraction of the SIOrmwatcr to be treated for phospholUS removal. The
treatment system also enabled lake water to be treated during periods oflow (or no)
stonilwatcr flow. The trclItment of the SIOrrnwalcr before lake disc:harge ac:c:ounted
for about 70 percent of the IOtai observed phosphorus discharie reductions, while the
lake water treatment was responsible for the remaining·30 percent of the disc:lwge
reductions. TIle Ialce walcr was treated during 60 pcrc:ent of the opcnuing time, bul
resulted in less phosphorus removal, compared ID stormwater trcatmenL The
increased efficiency of phospholUS removal from stormwater compared to Ialce water

_________----"-'rilPl-~.tiu._IlIQtof the annual average lalee pJ!!»phorus concentrations with was likely due 10 the more llbundant paniculate forms of phosphorus thaI were •
time. If there had been no 'In:aunent, the phosphorus concentrations in the lake would removed in the FBM by sedimentation and by the stormwater's higher dissolved
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phosphoru5 concentrations that were more efficiently removed during the chemical
treatment process.

Lake transparency improved with trealment. Secchi disk transparencies were
about 0.5 m before treatment began and improved to about I to loS m after treatment.
The total pbospboru5 C(lncentratiol1S ranged from about 65 to 90 f.\gIL during periods
of low levels of stormwatcr trealIJIeDl, to about 40 to 60 J.lg/L during periods of high
levels of stormwatcr treatment.

The annual average removals of phosphoru5 by the ferric chloride
precipitation and clarification tn::amtent system was 66 percent. with a tDllXiIDum of
87 percent. The observed phosphorus concentration improvements in the laJce were
strongly dependent on the fraction of the annual stormwatcr flow that was treated.
The annual average total IaJce phosphoru5 d.isc:harlle and concentralion reductions
averaged about 36 percent. or about one half of the maximum expected benefit.
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MONITORINO OF WE11.ANDS. WFr PoNDS. AND GRASSED SWAU!S

by

David Green'. Thomas Grizzard'" (M. ASCE). and Clifford Randall") eM. ASCE)

introduction

The use of best management pl1lcUces (BMPs) 10 minimize the impeCl of storm
waler now often involves enginec~ fearures such as wet and dry ponds, crealed
and nalUBl wetlands, and grass swales. The main purposes of each of these types
of BMP are essemiaJly the same: 10 ~uce peak nows; 10 R!move suspended
solids; 10 provide opponunily for IWUr.l1 sysIems 10 ~uce concenultions of
dissolved organic and inorganic poUUWllS; and 10 control erosion. bllegral 10 the
use of such syslems is the need for a moniloring progl1llll to assess the
effectivene.u of these BMPs in R!ducing polluwu 108ds in discharged stcim water.
Federal and State R!gulations irtclude· specific R!quirements for industrial and
municipal storm waler monitoring programs thai can be. and often are. llbor and
resource intensive practices. While the storm waler R!gWaliollS have- specific
requiremenls for monitoring of discharges. theR! remains a need to coillinue to
develop R!presentalive and COSl-i:ffeCIive monitoring systems that provide dam to
meel the needs of • variety of end users. nus paper examines current moniloring
requiremenu, key elements in the design of • monitoring program. and current
methods for assessing the effeCIiveness of runoff controls.

Background

The 1987 amendmenls 10 the Clean Waler ACI (CWA) added seclion 402(p). which

included provisions for Ihe R!gulation of storm Wiler discharges. Under CWA
§402(p). the U.S. Environmental ProIeClion Agency (EPA) was direCled 10

promulgale R!gulalions incorporaling discharges of storm waler inlo the National
Pollutant Discharge Elimination System (NPDES) pennil program.

In November 1990. EPA published regulations governing NPDES permil
applications for storm WIler discharges (43). These regulalions included

requirements for monitoring both dry weather (i.e.• base now) and storm-R!lated flows
10 determine the concentr:l1ion of various contaminants (specified in the regublions)
in thai discharge. EPA has published several guidance documents on developing and
implementing such a monitoring progl1llll which provide gre:uer detail on the specific
elements R!quired.

Under the Federal program. storm WIler sampling must begin (a) aI a p~elermined

0.1 inch of rainfall, and (b) no sooner than 72 houn after the last storm event. Two
sampling protocols must be followed for storm Waler discharges. First,. grab sample
of aI least 100 mL must be coUeCled during the fllSl 30 minutes of discharge.
Second. • flow-weighled composite sample must be taken. The flow-weighted
composile sample must either be taken with a continuous sampler that proponiollS that
amounl of sample collected with the now I1Ile or be the combinalion of at least three
sample aliquOlS, with each aliquot being volumetrically proponionallo discharge flow.
The collection of samples in this manner is problemalic aI best. requiring either
automated equipment or the abilily 10 have a sampling leam in the field on very short
notice.

Analysis of organic and inorganie compounds, microbiological species. and water
qualiry parameters is R!quired under the regulations. The specific constituents include
the organics listed in 40 CFR Pan 124 Appendix D, Table n; the IOllic metals.
cyanide. and total phenols listed in 40 CFR Pan 124 APPendix D, Table III; and
additional parameters specified in 40 CFR §122.26(aJ-{c). The EPA guidance
document Gu.idanc~ MatUUJ! for rh~ Pr~pararion of Parr 1 of rh~ NPDES P~rmil

ApplicariotlS for DiscJw.r1e.s from Mu.nicipal SeparQu Srorm Sew<!r Systems (40)
provides detail as 10 the: parameters thai should be addressed in a storm waleT
monitoring program. Table 1 provides a summary of these recommended parameters.

The regulations also require the use of the analytical melhods specified in 40 CFR
Pan 136. If there is no method specified for a panicubr compound. alternative
methods meeting specified criteria can be utilized for the analysis. For the mOSl pan.
standard laboratory methods exist for the contaminants listed; however, standardized
field methods using remote sampling and analytical systems are not available. Thus.
most monitoring programs using field sampling and analysis systems probably will
require a method validalion element.

The monitoring requiremenls of R!gulalory programs should always be conside~ in
the design of a monitoring progl1lm for storm water BMPs. Incorporating these
R!quirements into a study provides data adequate for two purposes: demonsuation of
compliance plus the dau needed 10 determine how the design and operalion of such
systems can be improved.
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• Assigninl the reduction (or inaase) in a poUUlanl of concern 10 the

appropriaIe physical. chcmial. or biolopcal S)'SlCIJI in a aw:s balance.
• Asses.sinS possible impactS 10 other l'e3OUrCeS. especially eroundwater.
• ~I possible improvements ill the desiill and operation of both the

BMP and the monilorinl proJl1lD1.

1ntcp1J 10 the desilD of a DlOIlilorinl ptOlfUIl is the aeed for a quality asstnIICC
(QA) program. Because envirolllJlCllla1 moaitorillS dala are collccted wider often IesI
than ideal conditions and a spec:iflC samplinl event may \IQ( be repeated, resean:hers
IICed 10 demonstrate thar data collectiOll and analysis procedures are based on accepted
~c practices. Typically. QA effons focus on the bboratory analysis emly;
however. this is but one small pan of the entire investiptive process, and it is
uncoll'l(Ilon 10 see papers in the Iiteranue make specific reference to the entire QA
proc0C61 foUowed. One recommendation for all researchers conductinllrtldies 011 the
effeaivellCSS of storm water BMPs is the use of an accepted prococol foe
incolporatins QA intO the monitorinl propam and 10 reference the QA plOlfUIl in
their l1iscussion. One model for inteJr&linl quality assurance intO envirolUllClUa1
moailOl'inl propams was proposed by Cbrk and Whitfield (9). Briet1y. this model
propo;cs a system with founeen elements:

Design or a MoniloriDS Procnun

Any program to monitor the effectiveness of storm water BMPs must have clearly
defUled loals and c:lrdully designed stntegies to achieve those loals. In the c:ase of
a moniloring program for the types of BMPs discussed in this paper. the Soals of the
monilorinl proJll'1lTl 5hould include:

Recommeoded MoaitoriDc Parame1en

CoavcotioDal Wll1U QualJly Paramden Metals
pH Antimony

Total suspended solids Alsenic

BOD, Beryllium
COD Cadmium
Senll2ble solids Ouomium (local)
Temperature Hexavalenl chromium
Conductivity Copper

Lead
Nutrients Mercury
Dissolved phosphorus Nickel
Total phosphorus Selenium
Soluble phosphorus Silver;
Total KjeldahJ nitrogen ThaI1i\IID
NilI1lle/niaite nitrogen Zinc
Cyanide

BloloCial parameun
Orpnic Compowuu Fecal coliform
Oil and puse FecaI~
V01atile organic compounds (V0Cs) Micrttoxe
Base/neutral organia,lacids (BNAs) DaphhUJ bioassay
Polychlorinated biphenyIsIpcsticides Fish bioassay
Tow phenols

Adopctd from~ s.-_r S-p/Utf Modi £Gy by T1I.nIsk ud Dc1.- ()I)

Table 1

(1) A eaRful srudy dcsiilllO delineate the Ioa1s of the RUdy and the
methods 10 achieve thoK loa1s.

(2) A srudy plan documentinl for all srudy panic:iplUlU the roles.
responsibilities. and authorities of each panicipant.

(3) Wrinen protocols or sundard openWtl procedures 10 be followed
durinl the cowse of the srudy.

(4) Careful preparation for all field activities before depaninl 011 a
sample collection expedition.

(~ Field team-headquanus liaison 10 ensure communication of RUdy
activities. problems. and corm:dve actions tlIw1 between
"headquaners" and field teaD\$.

(6) Wrinen procedures for sample coUection includinl sarnplinl
location selection. sample collection. on-site analysis. and recordinl
of data and observations.

m Wrinen procedures for sample handlinl between the lime of
collection and receipt al the bboratory where the analysis will be
conducted. .

(8) Oversight of analytical bboratories in addition to incorporation of
the "in-house" QA program of the analytical bbomory into the
project QA pbn. .

• Estimaling storm event flow and loadinl rates. (9) Ensuring data are supplied by the analytical bboratory in a usable
• Delermininl aetu:l1 flow rates and idemifi=ion and quantification of the manner that minimizes the need 10 reenter data.

influent and effiuent pollutants of concern. (10) Data validation and swistical analysis of the data received 10
------------- --------------------- --- lletemune rlie acc~d-prteililln~Of-thereponedresuJrs:;------------I.

(II) Procedures for data approval and the release of the validated data.
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(12) Plans (or providing the data to the public, regulalory Igencies, or

others in an eslJIblished (ormat useful to the recipienL
(13) Procedures (or statistical analysis o( the data to detennine trends or

specific rellltionships between data points or data sets.
(14) Procedures (or reponing and interpretation o( the data to determine

If the goals of the study are fulfi lied.

While this IPpears I cumbersome process and I burden on the investigator, use o( I
QA program such as is outlined by this model helps ensure thai the data collected are
of maximum utility, accW1lcy, and precision. Further. providing a reference in
published works to the QA protocols (ollowed may enhance the utility o( research
effons that follow.

EstImation of Stonn Event Flow Rate Ind Pollutant Loadings

Then: are two components to determining storm event flow rates and' polllltlU1t
loading. rU'Sl, one must estimate these characteristics in order to plan and implement
I monitoring program. This is especially imponant for monitoring programs thai will
utilize lutomatic sampling or analysis devices. Second is the verification of those
estimates, and refUling of the sampling procedures through analysis of the results of
the implemented program. .

Then: are several critical elements to estimating storm event flow rates. rust. there
is I regulatory defUlition of a representative storm event, critical to estimating runoff
volume for the purpose of determining compliance:

-fA] norm ewnt tltat Is 8rUJter rhaJI 0.1 illCh aNl at kasr 72 houn from 1M
prrviou.s measurable (grearer rhan 0.1 iJu:h rainfall) norm ewllL When
feasible. the l'lIriance ill the duratiOIl ofthe ewnt aNl total rainfall of thi. ewnt
should 1I0t aceed 50 percellt from the awrage or median rainfall ewllt in that
area. 140 CFR §12121(g)(7)]. .

EPA provided only limited discussion of analytical teclutiques to use on precipitation
data to detennine what constituted a representative storm event in the document
Guidance Manual for the Preparatioll of Pan 1 of the NPDES Permit ApplicatiollS
[or Discharges from Municipal Separate Storm Se-r SysrelllS (40). A Paper by
Hamilton (15) discussed the approach used in conducting an evaluation to determine
the criteria for a representative storm event in the Winston-Salem and Greensboro.
Nonh Carolina area. For the Winston-Salem area, the National Oceanic and
Atmospheric Administration (NOAA) used the following parameters:

1. A storm was defUled by a t01:11 rainfall accumul.ation o( II least 0.1 inch.
with rolles averaging al least 0.0 I inch per hour.

2. Data were recorded on at least an hourly basis.

3. The stan of a rainfall event begins in an hour when at least 0.01 inch o(
rainfall is recorded.

4. The minimwn dry period to signal the end o( I rainfall event was 10
hours.

S. At least 10 years o( dalll were required (or analysis (data from 1948 to
1986 were aerually used).

The City o( Greensboro, Nonh Carolina used the same data set, but used two different
parameters:

I. The minimwn dry period to signal the end o( an event was 3 hours.
l. The minimwn dry period prior to the stan of an event was 72 hours (per

the regulalory deftnition).

Even though the same data set was used (or these studies, there was a significant
difference in the values for representative storm events, with the NOAA approach
yielding consistently higher values for duration, frequency, lotal precipitation. and
Iverage precipitation. nus difference led the Nonh Cuolina Department of
Environmental Martagernent (NCDEM) to define a storm event as I stonn having I
precipitation depth of 0.2 to 0.8 inch and a duration of 3 to 13 hours. Guidance
leners from NCDEM specifically recommended against the use o( high-intensity,
shon-duralion stonns as a representative storm evenL

Other studies used different methods (or determining what constituted a represenllltive
storm. Thrush and Deleon (38) recommended using dalll from the National Weather
Service to determine an average storm by calculating the numeric average of all the
storms during the period examined. or by using the frequency of return o( a storm o(
I given intensity which Diet the regulatory deftnition. Brown (6) used average data
(or three years in a study conducted in Minnesota. Chang and Crowley (8) defined
I storm event as "any rainfull event with no breaks (or more than six consecutive
hours in duration." Neither the Brown nor the Chang and Crowley paper explicitly
staled that the regulalory definition was reflected in their detennination o( a storm
evenL Wofuw (51) developed a computer program to use weather radar by deriving
storm intensity-duntion curves. nus teclutique is limited to use in areas where there
are Iong-ierm precipitation dalll and a weather radar service, but otTers promise as
system 10 assess stonn events.

Another point to consider is the polential for bias in precipillltion dati. nus will be
especially imporunt if a researcher is collecting preeipillltion dalll as pan of the
monitoring program. A study by Legates and DeLibeny (23) suggests the typical
gaging system used in the U.S. (Le.• a 324 ern' gage, 79 em above ground level,
without a wind shield) inttoduces a systematic bias into the data record. This bias
results from a variely of factors including wind etTects (especi:tlly on snow), wening
losses to the inner walls of the g:lge, evapor;nion. splashing. and other (:Ictors
dependent of the specific gage being used. According to this Sludy, this bias typically

5 Green, n aL 6 Green. et aL
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ranaes from 10 10 40 percen1 below II:tIIaI values, with the worst bias beina
introduced in the winler months. In the U.s•• DO com:c:tioo factors are applied to
accowu for such bias, so. resean:hers may wish to attempt 10 correct prec:ipiwioo data
usina the methods discussed by Leptes and DeLibcny. Poissanl and Beron (34)
encountered simibr problems with the desilPl and opention of an aUlOlD&lic scquenlia\
r:Unfall sampler they designed and lested. The area1 distribution of the weather
swioll$ is also a potential source of bias. The U.s. Deparmwu of AaricullUre
(UDSA) lccllnique for determining rain pae placemem density (39) SUUeslS 4 paes
arc required for a drainaae area of 1 miz, IS for a drainage area of 10 mP. and SO for
a drainaae area of 100 miz. The hip casu of such an extensive paina S)'SlCID would
need 10 be carefully weighed apins! the benefil derived from the additional accuracy
of the data collected.

Once an CSlimale of the depth of precipitalion from a reprexnwive storm Iw bcell
made. the lOla! runoff volume can. in lUm, be cstimaled usinaa formula adapted from
EPA's auidance document Guidance Manual for the Preparation of Parr 2 of the
NPDES Permil Application lor Discharges /or Municipal SeparTlle Stom Sewer
Systems (4\);

v,. P·.A . 0.009 • o.tP + 0.05

RcpasiOll Equation CNRE}: and the "PlI' lXlIJlpUler mode1 developed by W.W.
Walker. An.dreWIsuUeslS tha1 the selcctioD of a mode1 will depend lIlOSl1y 011 the
usa's short· and IonC-tam Deeds; however. his lIIIIysiJ IUUeslS 1IW allhouJh it is
more complex, over the Iona lCnII, the "PlI' mode1 will offer the palesl utiliry.
Allan (I) also provides an ana1ysiJ of lICvaal models to estimale poI1l1WU loedinp.
Maralelt (2.S) SUUeslS \hal plannina-level evahwioa of poI1uwu 10Ids in Ilorm water
ahould also consider the impaa of the environmcmal polluwus. h will suffice to ay
1IW estimales from these models will Deed to be refUled llIICe samplinc resu1ls are
available. Once aaual data are available. a variety of models can be used lD

emapolau: such data to wunonitored areas.

DeteniliDinc Ell"acieDC1 or Storm Water BMPI

In order to assess the efficiency of a pond. Welland, or Jr&SS swale. il is necessary lD

aceuruely characterize the mass of poUUI&lllS auerinC and 1cavina the system.
Al1ItoUih each of these systaJIS bas a differeru desilPl basis. DI05l of the polluwu
removal mechanisms are similar. PoUUI&lllS auerinC the system are removed by
wasboIIl without treatment, senlina (especially in c:onjww:tion with suspended solids).
biological uptake and/or conversion, volatilization, or infiltration. Wiler auerinClhe
system either flows OUI. inflhruCS, or Is lOIIl Ihrouah evapoaanspirative prtlCCSSC$.

Exprased as a combined mass and WIler ba1ance this relationship la1a:3 the form;

Efficiency would then be described by the equation:

~;
~ ~ mass of constituent deposiled di.rect1y from IlDIOIpberic IOIIrCCS (m)
C. ~ amstiruenl concentration in precipiwiOll faIlinC direclly iIIIo I)'SlCm (mil')
Vi .; precipiwion volume faJ\i.na ditectly into system 0'>
C. ~ conSliluent influenl COIlCenaatiOll (mil')
VI • inflow volume 0')
~ • constilUau effluent concentration (mil')
v•• effluau volume 0')
<; • constilUent concentralion inIlltratina inlo JI'OWld (mil')
V, • infiltration volume O'}
M, ~ mass of conSlilUetll deposiled as sediment (m)
M" • mass of COIlSlituenl laken up by biota Cm)
M.. • mass of cOnSlilUent lOS! by volatilization Cm}
V•• volume lOS! by evapcxranspinuion 0')

Where:
V, • runoff volume 0')
P • rainfall depth 0> '
A • dminaae basin area OZ)
IMP • percentaae of impervious area in drainaae basin

Ure must be laken when determininathe value for the percentaae of impervious area.
Even small differences between the estimated impervious area and the aaua1
impervious area can yield sianificanl differences between estimaled and aauaI storm
event flow mes.

Once these plIlaIllelers have been determined. they should be refilled by analysiJ of
aetual data from the monilorinl proiJ1lffi. Typically, Slorm hydroaraphs are used to
analyze the clwaeterislics of. aiven SlOnn. This analysis allows the resean:her 10
determine the lolai and Ihe peak flow as a funetion of lime durina the Slorm event.
Should the values for the CSlimaled flow and &ClUa1 flow vary by more than a factor
of 2. the CSlimalina p~ure should be revisiled.

There are a variely of models for estimatina Slorm waler polluwu loadina rales.
Andrews C3} provides analysis of Ihree such models: the model used in EPA's
Guidanct MlUUUll fo' Parr 2 Applications /0' Dischargers from LJugt and Medmm
Stparau Slormwcutr Systems (41); the U.S. Geoloaical Survey (USGS) Nationwide
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E • efficiency of system at pollulllllt removal. %
C, • constituent influent concentration (mil')
V, • inflow volume 0')
C•• constituent effiuent concentration (mil')
V•• effluent volume (1')

E·

~ _ C.
v. v-,_.

C,

v,

. 100%

Each of the types of primary devices has advaruages and disadvanlllges. The
advantages of weirs are that they are generally low cost. easily installed, and quile
accurale. The disadvantages are that they can cause significant head loss in the flow
stre8DI and creale a pool that may affect sedimcnr tnIlISfer past the device. The
advaruages of flumes are that they are typically are self~leaning due to higher flow
velocities, there- is no "dam" across the channel that will cause pooling. and opeme
with smaller head loss than weirs. 111e disadvanlllges are that they are more costly.
Iml'e difficult to install, can be submerged by extremely high flows.1nd are often less
accunte. However. the self~leaning IWUre of a flume may be an imponant
considera1ion in measuring storm WIller flows which are often high is suspended solids
and flotsam. 1bis inbinsic feature of flumes may IJIinirnize problems from the
buildup of senled solids behind the SlrUcrure or by flotsam occluding orifices.
Ultimately. the selection of whallype of flow measurement system 10 use will involve
·professional discretion."

Assessing Flow and ConstilueDI CODCeDtratioDS

Obviously. at least two stations are required 10 assess the effectiveness of a BMP al
treating stann runoff: one immediately prior to. and one immediately following the
BMP. However. additional sampling SUlions within the unit are advisable. and may
yield valuable information as to the degree of treatment achieved as the flow passes
through the system and may also assist in identifying the processes responsible.
Establishing such a system is relatively easy; Iypically inflow 10 BMPs is from
engineered collection systems serving a larger area that directly impacts the BMP
through overland flow. For designs where overland flow is the main source of nmoff
entering the BMP. a divetsion system is needed to channel the flow so ii can be
monitored and sampled. .

There seems 10 be no standard practice for monitoring storm WIIter flowa or the
collection of storm water samples. Researchets use weirs. flumes. and other primary
devices to measure stann water flow past a given poinl in order to genera1e a
hydrograph th:It either will allow DWlual combining of grab samples intO a flow­
weighted composite or will be used 10 bigger aUlomalic sampling devices 10 directly
collect flow-weighled samples. For example. Lynch and Corbett (24) used modified
broad~restedTrenton wellS with a sharp<rested, 9O-degree. V-notch in the cenler;
McTernan tr aL (2S) used a type-H flume for primary flow control and a pressure
transducer flowmeter; Izuno tl aL (IS) used O.SG-. 1.6-. and 2.4<m diameter PVC
pipes that had been calibraled 10 yield a known relationship between discharge and
hydr.lulic head over the pipe; the Occoquan Watershed Moniloring Laboratory
(OWML) (30) used Palmer-Bowlus and type-H flumes; and Higgins tl aL (\6) used
3·ft H flumes. culverts. broad~rested -irs. and 9<klegree notch weirs. One study
on an experimental plOl of fescue with similar conditions 10 a grass swale conducted
by Gross tl aL (14) used a 0.76 by I.G-m metal weir with a covered H-flwne to
measure runoff volumes and 10 collect samples for analysis.

A teCOIldaty device such as a pressure ll'lUtSducer. flow meter. or other mechanical
stage-beighl detector and stage-height recorder are required 10 record the flow as a
function of time in order 10 apportion grab samples; however. this sampling technique
has several drawbacks. FIISt. il is labor intensive. Petsonnel will have to be available
It very shon notice 10 respond 10 storm events. In large scale sampling programs,
commitment of pelSOnnel resources is also a major consideration. Second, to
apportion grab samples. analysis of the hydrograph is requited prior 10 composiling
the sample. Fmally. there is a practical limit IS to the number of sample bonles that
can be taken inlo the field. A schematic of this Iype of compositing lechnique looks
like:

9 Green. tt aL 10 Green. el aL



- - - -' - - - - - - - - - .. .. - - .. -

Fiprcl
Schematic of Compositio& of Grab SlUlples
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Becaux of the drawblcks 10 apportionina pail amples. a flow zneasumnem l)'IleID
sbould be associaled with an awomatic samplina device Uw willlll1OlJ\l1ically collect
a lrUC flow-wcia/Ucd samplc. A rc:bcmatic of an lIIlOmalica11y iDlcaraud sample
looks liIu::
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The compuwion for compositina sarnples collected in this maMer is pven by:
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Schematic of Automatically Collected Flow-Weighted Samples
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Wbcn:: v,· a1iquoc YOIume (II' each sample. S.. (P)
C • daircd (mal alIIIposilC volume. (P)

q. • now dwiDl lime iDlCrVal. ~ 0'/1)
I - lime

NOII:s: I. p. (i.•.. P-o above) aDd p. (i.... poD) &nO lbe bqia aDd cad limes fll' lbe eVCDI- DO
samples &nO lUea. .

2. S, (i.t.• 50il an lbe sample poillts.
J. V, (i.,. V-i) &nO IIlC'CIIlClllaI =as IIIllkr !be bydroIDph.

NOICI: I. Willi lbe uccpdoD of v, (u. V·I above). aU v, (i.e. v.1) an: equal.
2. If V, is V<Jrf 1IDaU. Ille error iDdlIlltd by IDeqIIa1 >Olumc~ by

sample I aDd IIIISIIIIpled volume paR ampIc 12, wiD abo be small
1 It V, illID&I1•• bcm:r JqlIaCIlIaIila of /low _ pcU is aIIo obWDcd.

A variety of devices are discussed in the Iilel1ll\UC for use in coUectina flow data and
for sample collecti~ Kress and Tunon (21) developed a IDIlJ1C1ic \riner to activate
aUIOIIWic pumping sarnplers. 10 this system, a plexiglass disk with equally spaced
maJIIClS is anached 10 the Wiler level recotder. As the WIler level recorder rowes.
so docs the plexig1asl; disk. When a maJIICI passes by a proximity switch as a resull
of the· rotation. an aUlomatic sampler is activated. The only rqx>ned problem was II
low flows. when the disk lended 10 ltlWe back and fonh. causini excessive uinerina
of the sampler. Another concern would be thaI this system would only \riner the
sarnplcr when there was a change in flow; II a continually high flow samples may DOC
be collected in a manner proponionaJ 10 the volume of waler flowina past the
samp1ini poiru. Riekerk (35) devised a vacuum-powered sequential stonn flow
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sampling device c:ontrolled by I mechanical float. Sevenl units are mounted across
the direction of flow and are aiUered by rising Wlter levels during Slorm flow events.
11lis system has the advantage of being simple, inexpensive, and lending itself to use
in very remote loc;uions. The drawback to this SYSlem is thai trial resuJts
dcmollSll"aled a 20 per cent vari:uion in Wlter quality when compared to samples
collected by an electronic time~ntrolled system. Drem and Kersting (12) used I
magnetic valve aiggered by an electric pump to collect proponiona1 samples from the
experimental ditch SYSlem they studied in the Netherlands. Owens et aL (31) used I
2: I broadcrested weir with I rotating vane sampler. Whitfield and Wade (49) provide
I discussion of their experience using electronic sensors 10 monitor wea1her. !tIge
height. and Wlter quality parameters such IS temperanue. pH. dissolved oxygen
concenttmions, oxidation-reduction potential, and eonduClance. TIle important
observation in their paper was thaI eleetronie data collection in "real-time" allows
monitoring of very shon dlll:uion events thai either would go eompletely undetected
or would requite such extensive eomrniunent of manpower to monitOr- IS to be
economie.ally impnlctieal.

Another consideration in eollecting samples is the n~ for venical integration of the
sample. ntis would be especially important if I contaminant of interest was
inuniseible in Wiler, IS is the ease with many hydroc:arbons. In this ease the
contaminanl of interest may be found in I higher concentration at the surface or at
some other level In the wlter column. Contamination of groundWiler by,denJe non­
Iqueous phase liquids (DNAPLs) and the resulting difficulties associated with
remediation of this type of cont:uninat.ion is another example. There are I variety of
deviees that will collect venicaJly integrated samples. Two passive types of systems
are the mulli-slol divisor and the Coshocton-type sampler. The disadvanage to using
I multi-slot divisor is thaI I settling tanlc to remove large sediment particles is usually
required to keep the device from becoming clogged. With I Coshocton wheel this
typically is not a problem. In I Coshocton wheel water is discharged from I type-H
flume onto I rotating water wheel An elevated sampling slot on the wheel collects
an aliquot sample IS the wheel traverses the water pouring from the flume. In this
way I venically integraled sample is collected (39). There are also I variety of other
more complex devices for collecting venicaJly integrated samples. Manin et aL (26)
conducted I study comparing surface grab samples and I cross-sectiona1ly: integrated,
flow-weighted s:unpling device. As has been well documented in the literarure, there
can be considerable cross-sectional variation in suspended sediment con~entrations.

1bis becomes impomull when one considers the pollutants sorbed pnlO these
sediments. The study concluded thai concentrations of suspended sediments and the
associated pollutants were routinely lower in manually composited surface grab
samples than in cross-sectioll:lUy integrated, flow-weighted samples. G~erally. the
magnirude of the difference increased with flow rate. One other observation was thai
grab samples consistently contained more fUle-srained sediments than the inleJTaled
samples.

One repon discussing the use of microcomputers for flow measurement does.
however, deserve additional discussion. The OWML (30) uses I system of an
Inexpensive microcomputer (either I RadioShack Model 102 or 202), an ana!og..o­
digital convener, and I 10 psig submersible pressure transducer to monitor Slorm flow
events. The computer receives a signal from the transducer (via the AID convener)
and calculates the stage using the followlnS equation:

HT • :.!L. . 4.614 L
1000 voir

Where:
HT - stage in feet
PT - pressun transducer signal in millivolts
4.614 is a COOSlant to conven ft/psi to ft/volt

ntis value is then compared to a rating curve that is stored in the computer's random­
ICcess memory. Every minute. the value for the stage is compared to the value for
the previous minule. If the stage has risen It least 0.1 foot over each of the last three
successive minutes, I Slorm event is considered to have begun, and the computer
suns continuous monitoring and aiggering of an automatic sampling device to collect
I flow-weighted composite sample. Base flow data are written to dis\c every hour and
storm flow data every 10 minutes. The data record includes: date, time. SlIge, flow.
disclutrie. incremental discharge. and whether I sample was collected. The data
record is downloaded to an lBM~ompatible format for analysis.

Using the value for total volume for I storm event, along with values for the number
of samples to be collected and a 1aI0wn sample size for composited samples (both set
by the investigator), the volume of storm WIler flow between collection of each
sample can be calculated using- the following relationship discussed by Thrush and
Deleon (38):

v V
~-N--!!.

FSI V.

Where:

V, - runoff volume 0')
FQr • volume of flow per sampling inlerval 0')
N - number of samples
V•• volume of composiled sample 0')
V. - volume of each sample 0')
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Typically. the volwnc: of the: composited sample should ~flcc:t the: sum of the: volumes
required for each of the an:l1ys.cs conducted as part of the: IIlOniloring program. plus
an appropriate safely f.lctor. However. since il is common that storm evCDl flows win
noc yield sufficient volwne for all analyses. the rcscan:hcr should be prepared lD
priOI itize the lestS to be performed on incomplete samples.

The sampling rouline in the computer program used by OWML is controlled by a
flow-lOlalizing subrouline. ntis l'OIIlinc is based on the following equation:

Q. + OJ.!
IV • '_ . ((, - (1-1)

Where:
[V • volwne of flow during inlerval 0)
Q • disc:harge al presenl Slage 0)/1)
<4, • discharge at p~vious stage 0)/1)
t, • time al presenl stage (I)
l,., • lime al p~vious Slage (I)

The values for [V arc sununed every minute. and when this value exceeds the value
for V.. a sample is collected. By analyzing the times ...hen samples where collected
apinsl the hydrograph. the researcher can determine if the sample collected is truly
~prcsenwive of the em~ Slorm evenL Ideally, the hydrograph will show that
sampling was conducted throughoul the erum storm event. with the paleSl number
of samples being collected during the period of peak flow. and with the desired lOlal
sample volwne being collected.

One issue thaI needs 10 be sucsscd in using remoce and aUlomated ICII50r and
sampling systems is the need for quality assurance for these practices. One journal
anicle by Whilfield and Wade (SO) discussed the need to develop new QA proccdurea
when using electronic logging devices and made several specific recommendations
~garding QA procedures for electronic moniloring. These proced= fall inlo thRc
areas: (I) sensor validalion in the field. (2) time controls for dall loggers, and (3)
precision and accuracy of sensors over time.

According 10 this anicle. little can be done to verify the: accuracy of a sensor using
field instrumentalion. This is because field inslrwnents rarely arc as accurate or
prcc:isc as a laboralory system, while this is the degree of accuracy and precision
requirni. Since field verificalion is not practical, Whilfield and Wade recommended
operaling electronic moniloring systems for a fIXed nwnber of day dury cycle, with
calibration before the system is taken into the field and recalibration when the dury
cycle ends. This allows a correction filc'lOr to be applied to the: data. Unswed in
their paper was the need for careful use of such correction f.lctors. Careful analysis
of the data collected is neccss:uy lo.determine if the "drift" was consistem over lime.

or whether a e:awtrophic failure 0CI:'Umd. In the latter cue, applicatioo of the
n:quircd COITCCtion factor to data collected prior to 1ySlCD1 failure would clearly be
iIlappropriale.

Rcprding time conuols, Whitfield and Wade discovered thai when more than one
instruincnl is used 10 monilor I given parameter. strict time control (z S rccoods).
with weekly verification. is necessary 10 prevent gcncralion of time anifaets. Funh.er.
a rec:qrd of all adjustmCJt1S must be kcplto allow for use of correction factors 011 data
aillceted. While this may DO( be necessary fot systems where sampling is done over
Ionget: periods of lime, il is critical durinl high-frequency. short-iNerva1 sampling
prograins. sampling when conditions an changing Iapidly, and sampling whue
temporal correlation of data sets will be performed. For careful trlCkinl of time.
tnicroc:ompuler<enuolled systems with the Ibilily 10 aUlornatically access outside
standard reference clocks (e.g., as is available through Loran-C) can be invaluable.

In the last area. precision and accuracy. Whilfield and Wade identified the: Deed 10
adjusi data 10 accoWll for drift introduced by delerioration rewed to the: Ige of the
sensor. Their study showed that dissolved oxygen sensors were subject to the palCSl

degradation in performance. Oxidation-rcduaion potential and pH xnsors
dcmonsuated bias over time rather than degradation in sensor perflll'llWlCC. Iu with
\be fitst case. knowing the calibration at the time a sensor is placed iNo service and
the c:8llbration u the end of I given service iDrcivaJ. corrections can be made to
account for such fluettWions. Additional SNdics on how Ige atfeas other ICDSOni

such as pt'CSSUI'C transducetS, AID conveners, and other featUl'CS of e1earonic
monicOrlng systems wO\lld prove useful

Inrl1tratiOD Measurement and CollecdoD oC Samples oC IJIfiItrated Water

Protcaion of groundwater rcsoun:es is of such concern thai in 1986 Congress
amended the Safe Drinking Waler Act (SOWA) 10 include a new program for
wellhead protection. ntis d~ to protect groundwater =un:es is mirrored in a
variety of other Federal and Slale laws severely rcsaieting or prohibiting the: I:ind
disposal of hazardous waste. Bcc:ause infiltntion of Slorm waler is the: major
conuibulot 10 groundwaler recharge. storm water BMPs need 10 be designed and
opeR\l:d in a manner lhal will prevent, or al ICilSl minimize. conwniniltion of
groundwater. Given the high conccnlr.llions of some contaminants in Slot1n water,
application of desi~ Slralegics such as. arc used for ltazardous waste surface
impowll!ments (e.g.• use of impermeable clay ot synthetic liners) may be advisable.
Whipple (48) suggests a programmalic control SlJ'iIlegy inlcgralinll Slorm waler
managemenl and infiltralion controls. This proposal suggestS classifying areas based
on the need 10 protect surface walers and groundwut:r, creating a "lwmfulncs. index"
for various runoff sources (e.I.• industriaIJcommercial, residential, and undeveloped
areas); and requiring specified BMPs depending on the land use and need for
prolection. Whipple also proposed sOme special Iypes of BMPs th:u mighl be
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employed for stomt water flows Icnown 10 be conwninated by various classes of
pollutants.

The r:ue of migration of walerbome or liquid pollutants inlo the ground depends
primarily on the hydraulic conductivity of the underlying soil. Higher hydraulic
conductivity allows more l1Ipid movement of water, into the ground. and allows
pollutants to tr.lvel further into the soil column before other processes, for example,
adsorption. begin to retard the migration. Determining the rate 11 which water
infiltrates into the ground (Le., hydraulic conductivity) is accomplished using a
penne:uneter or piezometric wells. The desicn and operation of these devices are well
described in the literature and will not be discussed in detail. For" detailed
discussion of the operation of these devices, the reader should refer to a text on
hydrogeology, such as by Feller (13) or Driscoll (I I).

Tensiometers are used to determine the negative head exened by the tendency of
waler 10 infiltrate into the ground. An adapWion of a tensiometer can be U3ed 10

collect samples of infihr:lled water. One srudy by the OWML (30) used a device
constructed by allaching a porous cup (similar to those used on tensiometen) to one
end of a five-foot-long PVC pipe, and a rubber plug (to create an ainight seiIl) to the
other end. A sample collection lUbe was passed tJuough the rubber plug and extended
to the bottom of the porous cup and a second lube for applying pressure cit vacuum
to the system was passed tJuough the rubber plug and extended halfway down the
pipe. The device was placed inlO a bored hole approximately~ feet deep, and
packed into place with excavated soils 10 prevent surface water from passing down
into the soil alongside the PVC pipe. Twenty-four hours prior to sampling, a vacuum
was applied to the shoner tube in the system 10 reverse the negative pressure 'head and
so draw waler from the soil inlo the porous cup. Samples were collec:ted:rrom the
device by applying pressure via the shoner lUbe, thus forcing the water up the longer
lUbe and into the sample container. . .

There are many methods for estimaling infiltnlion of storm waler. The 'reader is
directed 10 Driscoll (I I) for an excellent discussion of these established methods. One
new method 10 determine volume losses due to infiltr.llion not described by Driscoll
was developed by Kalita e/ aL (19). They described a mathematical method'to model
losses from the side walls and bottom of ponded fields under variable water table
conditions. The field aspects of their srudy used an experimental plot are riot readily
adaptable to the study of systems such as ponds, wetlands. and swales. However,
their results do suggest thaI veniCl1 and 1:lleral infiltration losses from ponded systerrts
can be predicted wilh a high degree of accuracy, provided adequate hydrologic dati
are avail3ble, The specific f3Clors that would need 10 be Icnown include: soil-moisture
characteristics, hydraulic conductivity, waler table depth. eVBpol1Ition rate, and pond
depth.

Assessment of Deposition iD Sediment.!

There are two reasons to monilor the deposition of sediments in storm w:ller BMPs.
First. one of the primary reasons for storm water management systems is to control
erosive losses of soil into waterways. hence 'deposition of sediments in storm water
BMPs can severely impact stol1lge capacity. Striegl's study (37) of suspended
sediments and metals removal by Ulke Ellyn. a smalJ Lalc.e outside OUcago, showed

that in the course of 10 yean. the lake accumu!aled 8,300 m' of sediments. a 13 per
cent loss of storage capacity. Second. and equally important, is the cumulative effects
of pollutants associated with sediments on the benthic community, rooted vegetation,
and the land where spoils from dredging the BMP are ultimately disposed of. This
last poinl is worthy of special comment. Studies by a variety of researchers show thai
toxic metals from urban runoff accumulale in sedimerus at relatively high
concentrations. For example, Striegl's Study found mean concentrations of cower,
lead, and zinc were 275, 1,750. 3Jld 228 mg/kg dry weight, respectively. Nightingale
(29) also found concentrations of lead as high as 1,400 mg/kg. These values for lead
concentrations are of panicuJar concern in that they exceed the 1,000 mg/kg
concentr.ltion used by EPA as a guideline for remedial activities under Superfund.
No data are available. but an interesting question arises as to how dredged sediment
would fare ifSUbjected to the Toxicity Owacteristic Leaching Procedure (TO..P) test
to determine if it is a characteristic hazardous waste under the Resource Conservation
and Recovery Act (RCRA). Under the Federal RCRA program as described in 40
CFR §261.24, a waste demonstrales the chantcteristic of toxicity for lead if the TCI.P
extract concentntion is greater than 5.0 ppm (mg/kg),

As was staled previously. the rale of migration of liquid or aqueous pollutants into the
ground depends primarily on the hydraulic conductivity of the underlying soil. Higher
conductivily allows more l1Ipid movement of water into the ground. and consequenlly
less time for degradative, filtering. or adsorptive processes to occur. Other factors.
however, do playa major role in the ability of a pollutant to associate with sediment.
Oxidation-reduction potential, pH. temperature. and presence of hydrous gels of iron
or aluminum all playa role. Adsorption of pollutants onto sediment. however, is of
panicular concern. Adsorplion is greatest when sediment panicles have a high surface
areaJmass mio: when sedimenl panicles have negalively charged surfaces. as is the
case for silts and clays: when the sediment has a high calion~xchange capacity: and
when organic carbon fractions in the sediment are high.

As described in the EPA handbook R~m~diDlion of COnlaminaud S~dimelllS (421,
srudies of sediments rely on a variety of sampling and analytical techniques 10

determine the mass of pollutants in sediments or the overall condition of the benthic
community. Almost all involve collection of samples using digging tools such as
spoons. scoops. :uuI trowels or coring devices such as split-spoon samplers, piston.
lUbe samplers. or augers. Standard Me/hods (2) provides deuiled discussion of
various sedimenl sampling devices, protocols, and analytical techniques. Each has its
advantages and disadvanlages. For example, the very nalure of digging lools makes
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wllection of similiu samples from a variely of locations problematic and the
disturbance of the sample by the wllection method suuests that it may noc be
representative of aauaI near-bonom wnditions. Carin8 devices are expensive. bulJcy.
and often difficull to handle. Fwther. wre samplers do not work well in andy soil
or in rock-laden afCa$. Corina devices can also breach the iIlleanry of a enainecn:d
saucture. openina a milRlion pathway for conwninaIUs. Last. anributina polluauus
wncenualions in sedimenlS 10 specific stann evetllS can be diffic:u1t in Illy syacm
other than a new collSUUCtion. For these reasons, scdimenl amplina as part of an
effectiveness study poses some serious challenlC5.

One method described in the Iileratun: thal may prove a useful tool in the analysis of
sedimenlS is 10 collecl the suspended panicles llull will become sedimem before they
senle. Walling and Woodward (4's) described the dcsisn and use of a simple field­
based INlier elUllwion SYSletn for monilorin8 panicle size and characteristics. Their
SYSlem uses four IWs sedimenwion chambers (2$-, 'so., 100-, and 200-mm diarnacr)
linked by llass and flexible PVC lubinl. A per1sWlic pump provides suction to draw
water directly from the channel beinll monilored intQ the 2S-mm sedimenwion
chamber via a tube thai exlends nearly 10 !he boaom of the chamber. Water is drawn
off this clwnber by means of a second tube posilioned at the lop of the chamber. and
is direcled 10 bonom of !he ,So.mm chamber. This process is repealed wuil the water
has passed through all the chambers. This lechnique offers several advaJWllles aver
aadilional samp1inlliechniques in thal il provides the researcher the opponunity to

assess the characterislics of the suspended sediment based on effective panicle size..
nus does. however, require the assumplion that the sediment coUected in this IJWUlCf

is repn:scll1ative of the sediment accumulatinl at the bottom of the 8MP. One
possible modification to the operation of this sySletn for colleain8 samples from the
bonom would be 10 apply a microfilter to the collection tube, fill the SYSlern with
filtered waler taken near bonom. remove the filter, manually disturb the sediment, and
then collect the sample. Another use would be to monilor the effectiveness of the
8MP :u removal of panicles of various sizes as a function of distance from the inIel
inlO the sy~em.

Physical and chemical an:alysis or samplu

The Federal regulalions require the use of the standard analytical procedures described
in 40 CFR Pan 136 or Ihe use of anolher accepled standard procedure such as those
in the American Public Health Associalion reference Srarui4rd Merhods for the
Analysis of Warer and Was/ewarer. There are. however. drawbacks 10 the use of lhc:se
analytical melhods. .

Fim. the accepled analytical methods for metals yield total metals concentrations (a
conservative approach lhal may nOI reflect ac:rual impacts 10 aquatic organisms) rather ,
than the quanlity of mClals thai arc r~adi1y bioavailable. Typically. !he bioavailable
forms are free metal ions or those metals weakly bowul in inoflanic complexes.

------'Papers by PoiulSOn ana Amy (32 ana~'l)olSCuss ilie poilifUiat the maJonty 01 mcws---

in SlOml Water an: found IOl'bcd to ..,uc:u.1ales or in SU'Ol\cJy complcxed orpnic
forms that an: noc n:adily bioavallablc. Thex studies showed thal a1thouch SlOml

water quality was quile variable. the relationship between bioavallablc and trxal
conc:cnaations was consislcnL The faaors COIUrOUin8 !he speciation between
dissolved and bioavailablc forms iDcludc: (I) suspended solids rypes. (2) pH of the
waler.(J) tocaI mctaIs conccnuation, and (4) dissolved orpnic carbon c:onccnImion
and c:haracter. Paulson and Amy devcloped a computer model usinll the EPA's
MINTEQA2 to pn:dia the speciation of copper. Dnc. and 1ead into bioavallable and
DODb~vallable forms. The results or the mode1inll effort IlIUCSl thal in addition to

anaIys!s of tocaI meWs. an c:stimatc or the bioavallable Concenaatioo would be
worlhwhile in asscssinl polelUial impact to aquatic bioca.

The ~cond area of concern is that scveral of the analyses required wuler thc
re&U1ations an: nonspecific lests. For example. the test for "oil and crease" is DOrI­

specir'ae. SrlJlldarri Merhods defUles 'oilllld crease" as Illy compound recovered as
a IlIbslance soluble in trichlorotrifluroelhane or other solvenlS. This is not specific
for hyilroc:lrbons; chlorophyll. orpnic dyes. and other compounds will be ineluded
in the ~ls from !his test. If possible. in addition 10 these nonspecific analyses. it
is n:commcnded thai durinllthe fU'Sl few samplinll rounds analysis be conducted for
a WI,",' suile of specific co~ilUCnlS (for example. chlorophyll) !han is required under
the relUlations. Once the initial rounds of samplinll are completed, the suite or
constiwe!US can be winnowed down to a mana8cable and COSl-effective Illite by
e1irnin&tinll those compounds thal an: noc detected. nus is noc to say that the
~ific lests an: not valuable tools; Wass (46) used the oil and crease method
with niodcrate success in evalualinllthe effectiveness of a IlIbmer8ed-flow YCllcwed
trc::ItmCnt sySletn used to treat IWlOff from a vehicle mainlenance yard. The only
problem encountered with usinll this non-specific method oc:c:urred when cold-mix
asphalt was used to CODSUUC1 berms to redirec:t runoff at the RUdy site. An unusually
heavy'rain leached some of the constituents from the asphalt, causinll a shon term
incn:ase in the conccntr.llions of oil and crease detected.

;

Biololiicttl Testinll

Uttle definitive work has been published relatin8 efficicncy of storm water treatment
to the IJ'Owlh of plants or olher or8anisrns. nor does there appear to be any defU1itive
standard vCietative analysis for Slorm water 8MPs. Most of the available work
discusSes eilher the results of simulated studies or the effects of various acricu\tural
or silvicultur.ll lechniques of the quality of Slorm runoff in Sln:arns. For example.
Gross er aL (14) conducted an intercstin8 study of runoff and sedimenl losses from
taU fescue under simulated rainfall. This RUdy demonstraled that seedin8 dcnsily for
turflfass plays a major role in its ability to lICl as a sedimenl trap. and the conclusion
was madc that well-maintained residenti:ll turlgrass SWlds should contribUle to

dccreasin8 total runoff volume and sediment loadinlS- UnIe other research has been
done in recent years on Ihe effectiveness of various ~s as sediment traps or on
lhcir ability to assimilate dissolved pollutants. Oculy. this is an area where
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additional research is needed. The use of reed beds for sludge dewatering was
discussed by Kim (20). This study suggests that beds containing the reed PhragmileS
are an effective means of dewatering sludges from I to 10 percent solids. suggesting
that this species may be a valuable means of promoting evapoaanspiration from
sedimenl-1llden BMPs operated as dry ponds.

SttJNiJJrd Mtthods (2) provides an excellenl discussion of accepted techniques for
sampling macrophyton in method 10400. The reader is directed to this reference (or
the details o( these sampling techniques. II is impolWll to nOle th:1l these techniques
are not specific::llly developed for stonn waler BMPs; however. they should cenainly
be applicable. .

Vegetal ion monitoring was conducted as pan of the study by the OWML (30)
discussed elsewhere in lhis paper. The vegelalion analysis consisled of identilic::ltion
plant species and a biomass me:lS\Ue/TlenL The biomass measurement was conducted
by trimming to ground level the plants in randomly spaced circular plots with an area
of I m2• The harvested plants were separated by species, washed with a wea!c acid
solution, and oven dried to constant weighL Below-ground biomass was estimated
by excaV:lling a 12 em by 20 em soil sample using a piece of PVC pipe. Plant
material was manually separated from the soil. washed with a wealt acid. -and dried.
Samples were collected throughout the growing season and the biomass measurement
technique repeated to give an indiC:ltion as to the rate of biomass productiolL A
decomposition study was also conducted by placing a known amount of 'll!ashed and
dried plant liner from known species into 36 porous polyester bags and placing these
bags in areas where those plants were dominanl. Every month, six bags were
removed at random and weighed to detennine the quantity of plant materW that lw1
decomposed. The study did not anempt to correlate biomass production with pollutant
removal efficiency. bUl these procedures allowed an an:Ilysis of the rate at which
organic maner accumulated in the wetland under study. •

Recent regulatory initiatives have seen the inclusion o( toxicity testing requirements
in NPDES pennits, includinl those for stonn water discharges. There are problems
with toxicity testing for stonn water flows. As pointed out by lsom (17), one ·glaring
deficiency· with toxicity testing is the lack of a national laboratory cenification
program. Collins er aL (10) pointed out that one of the most difficult problems with
conducting toxicity testing on stonn waters using fathead minnows or Daphnia stems
from the 36-hour maximum holding time pennined. Beouse it can be difficult to
detennine when lhere will be a stonn event (a fact borne oUl by 10c::l1 television
We:lther forecasts across the U.S.), the laboratory may not have a ready Slipply of test
organisms of the appropriate age. Funher, these tests are expensive. Many
researchers have examined the potential for microbial toxicity testing as a means of
prov·iding a more cost~ffective assay; however. none of these tests have proven to be
as effective as the sund:ud test using fathead minnows or Daphnia. For example.
Arbuclc1e and Alleman (4) assessed the potenrial for using the commercially available
Microtox. test and a procedure using enriched nitrifier cultures. Their study showed

thai neither test was as sensitive as the DaphnUJ test. Srondard Merhods, 18th E.dl.tiort,
contains two proposed methods for toxicity testing of aquatic plants. One technique
is for Duckweed and the other for a variety of vascular pianls. These are laboratory
techniques and have not yet been approved,. nor have these techniques been adapted
10 field use.

Cooclusion and Recommended Directions for Research

There are many areas still to be explored in conducting research on monitorinc of
Slonn water BMPs. One of the most imPOlWlt areas where research could be focused
is the development of standard methods for conducting studies of stonn water BMPs.
Cunently, there are few standard practices in the field. This maJces relating data from
one study to anolher very difficult at best, and impossible at WOrsL A shon lisl of
proposals for research into standardizing protocols for S10rm water BMP evaluations
follows.

I. Developmenl of standard methods for the calibration and operation of remote
sensors.

2. Development of standard methods for metering flow (le~ use of standard
designs of weirs. flumes. or other systems).

3. Development of a standard method for sampling inflltnued waters.

4. Developmenl of standard methods for the collection and analysis of suspended
sediments and deposited sediments.

S. Development of methods to relate vegetation assessments to treattnenr
efficiency.

6. Development of a recommended list of analyses for bioavailable metals and
development of standard analytical methods for those analyses.
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Protocols for Monitoring the Effectiveness
of Structural Stormwater Treacment Devices

Data analysis
Hydrologic mass balance
Water quality constituent balance
Single ev@nt and long-term pollutant control
performance

This information is o~gani:ed to provide guidance
for future monitoring activities so that municipalitias
and industries can implement cost-effective and
technically sound BMP performance monitoring programs to
support NPDES compliance and BMP specification develop­
ment for future stormwater management applications.

George E. Oswald. P.E.' and Richard Mattison' Intrgductign

Ah:strllct

With the implementation of the NPDES regulations for
stormwater discharges there has been a high level of
interest in establishing reliable pollution control
performance characteristics for structural treacment
controls which may be applicable for managing the quality
of runoff from urban land uses and industrial facilities.

This paper describes monitoring techniques and data
analysis protocols for establishing the pollution control
performance of structural treacment controls ~for

stormwater runoff. These techniques are applicable 'for
monitoring oil/grit separators. filtration basins.
extended detention basins and wet-detention basins. The
following monitoring considerations are addressed:

General considerations for monitoring
instrumentation
Characterization of contributing drainage area
Rainfall measurement
Flow measurement for structure inflow and discharge
Water quality sampling for analytical
characterization of structure inflow and discharge
Monitoring period of record and storm events
rainfall depth distribution
Structure overflow and bypassing

On-line/off-line configurations
- Storage volume

This reality typically dictates that each treatment
structure selected for monitoring be evaluated
individually to establish feasible methods for reliable
flow measurement and water quality sample collection.
Also. the basic flow configuration of the structure bears
on the extent of monitoring required to characteri:e
structure performance under the range of hydrologic
events. both small and large. that occur in the location
of the study. On-line structures can be subject to
resuspension and washout of accumulated pollutant
materials during large storm events and pollutant flux
associated with dry weather baseflow can be significant.
These occurrences can have a siqnificant effect on long­
term pollutant control performance. Properly designed
of!-line structures are not subject t.o exc.=e.me event:.

The monitoring of pollutant reduction performance of
structural treatment controls tor stormwaeer runoft
presents numerous challenges. Typically. treacment
structures such as oil/grit separators. filtration
basins. extended dry-detention and wet-detention basins
are designed and constructed to meet minimum capture
volume/surface area specifications to meet prescribed
regulato~ requirements and to meet specific site
physical constraints such as slope limitations. high
ground water elevation. and integration with site plan
layout demands. Curing struc~ure design. little or no
consideration is made for siting monitoring stations to
characteri:e inflow and outflow flow rates and water
quality improvement performance. Therefore. the usual
challenge is to retrofit monitoring equipment to existir.g
structures.

The pu~ose of this paper is to provide guidance for
the development and implementation of effective pollutant
control performance monitoring programs for structural
stormwater runoff treacment controls.

~ McKee Inc .• 9911 Capital of
Austin. TX 79759.
Inc.. 307 Washington Street.

1 ~sociate. Camp Dr@sser
Texas Hwy .• Suite 4240.

, Kinnetic Laboratories.
Santa Cruz. CA 95060.
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·wa.hout· proc••••• ; how.v.r. long-tarm p.rformance
monitoring of of!-line .tructur•• mu.t take into account
bypa••ed volum.. that do not receive any treat:Jn.nt.
Also. the control per~ormanc. of wet basin. which collll:line
complax physical. chemical and biological pollutant
reduction mechani.ma is significantly influ.nced by the
variation. in hydraulic re.idence time that occur in
r ••ponse to the normal variation in rainfall/runoff
volume and inter-event time periods that are part of the
expected ·normal· hydromet.orologic cycle. Th.refore,
accurate charact.rization of the integrated, long-term
pollutant reduction p.rformance of the•• structur•• can
require intensive sampling program. that addr•••
charact.rization of a wid. range of wet weather and dry
we.ther inflows and outflow•.

General CQQ3idorotign§ ~Qb Mgnitoring I03trumcntocign

aecau.e of the difficulties associat.d with timely
field p.r.onnel mObilization and achieVing con.ist.nt
lll4Qual flow measurem.nt and.•ample collection technique.
for extended lI1Onitoring program p.riod., this paper is
focused on the application of automat.d monitoring
.y.tem. only. Therefor., a limited overview of automated
.ystem. is includ.d to highlight the capabilities of
th.se systema. The primary component. and configuration
relation.hip of an automated monitoring syst8ll1 are
illustrated in the following diagram.

INPUT
The flow chart below pre.ents the de.ign and impl.­

lI1entation step. r.quired for an effective .tructural
tr.aement control performance lI1onitoring program. The
remaind.r of this paper pr•••nts r.colllll\endation. and
guidance on bow to addr.ss these requir8ll1ent•.

Equi_c: Requir-.t.
- RAin GaUlle
- Flow Kec:ers
- Sample Collection - Discrete/Composite
- Communications Cap&bilic:;es
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The major component ot an automated system is the

control modu1e/datalogger microprocessor. which tunctions
to inter~ogate and record input data trom external
sensing devices including the flow meter and rain gauge.
can pertorm complex calculations based on these inputs
and produce signals to drive ancillary devices. including
the automatic sample collection unit and r""'ote
communications devices. This t1exibi1ity allows tor
these automated systems to detect storm tlow conditions
and initiate sampling with no human interaction.

Remote communications capabilities allow tor:
1) sample collection rates to be reset to meet variable
storm magnitude or basef10w conditions. 2) ettective.
real-time tracking of storm/hydrograph/samp1e collection
progress. and 3) efficient direction of field crews for
sample recovery. Additional equipment considerations for
rainfall and flow measurement are included in later
sections ot this paper.

Cbaractcri;otioD gr cgnt-ibycing prninnge areA

It is important to characterize the contributing
drainage area tributary to the treatment structure in
order to: 1) establish anticipated peak flow rates for
the range of storms to be monitored, and 2) identify'all
significant tributary areas to the structure.

Establishing the anticipated peak flow rate is
important for selecting and sizing the inflow primary
flow measurament device. such as a weir or flume. since
storms of a depth less than the 2-year return period
storm typically account for more than 90\ of annual
rainfall, designing the flow measurament device to meet
the 2-year storm peak flow criteria is a good target.
Standard hydrologic methods such as SCS TR-SS can be used
to estimate peak flows and total design storm runof~

volume based on tributary area. soil type. slope. and
land use. It is also recommended that hydrographs be
generated for the smaller more frequent storms. such as
the 3-month and 6-month events. to establish the nominal
flow metering range to allow adequate characterizatiOn ot
these more frequent storms.

A structure may have multiple inflow points. which
will require multiple monitoring sites, or may have
significant overland sheet tlow contributions to the
bas in between the inlet and outlet. There are additional
equipment and operation costs associated with the
increase in monitoring sites. and increased pollutant
control pertormance data analysis uncertainty associated

with characterizing inflows associated with unmonitored
direct overland flow contributions.

Assuming that performance ,monitoring of structural
treatment controls ~i11 be coordinated with other land
use related discharge quality monitoring activi ties.
information on land use distribution. percent impervious
cover. and age ot development should be compiled so that
the inflow characteriza'tion data is useful for
establishing lapd use related stormwater quality impacts.

Roinfall Meoguremcnt

Although rainfall measurement is not specifically
required to measure structural control performance.
acquisition ot incr"",ental rainfall data in the tributary
watershed area is strongly recommended because intlow
runoff quality may be influenced by rainfall intensity.
depth. and duration and. most importantly, rainfall
records are necessary to establish the range of storms
tor which .tructural control performance has been
monitored. It is recommended that rainfall be recorded
with a tipping bucket rain gauge with a minimum
sensitivity of 0.01 inch with input to a datalogger.

F'gw Mea:surement - Inflgw and OutflQW

Flow measurament can be accomplished using any of a
number of pr~ry measuramant devices such as weirs and
tlumes. A good reference on these devices is the ISCO
Open Channel Flow Measurament Handbook (1992). Flumes
are recommended over weirs because of their self-cleaning
capability. lower head loss. and reduced influence from
approach velocity.' Weirs must be periodically cleaned to
remove deposits ot sediment or other solids upstream of
the weir or accuracy will be affected. However. weirs
are generally recogni:ed as being more accurate than
flumes. Properly installed and maintained. most types of
weirs and f1wmes will produce better than %10 percent
accuracy,

The primary factors which affect the selection of
type and sizing of the primary flow device are the
minimum and maximum range of flow rates to be measured
and any limitations associated with the existinq site
physical configuration. 'Sizing of the primary flow
device for inflow is based on the hydrologic analysis of
the inflow monitoring point tributary drainage area
discussed previously. Sizing of'the primary flow device
tor outflow should be based on level pool routing of
inflow hydroqraphs for wet-detention basins and design
drawdown flow rates for extended detention and filtration
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caaina. Since oil/qreaae separacors qenerally have a
small scoraqe volume. inflow race is cypically aaaumed
equal co oucflow race and only one flow monicor is
ins called and is used co provide flow informacion co
drive boch che inflow and ouctlow aucomacic samplers.

Yor example. Palmer-Bowlus flumes are recommended
for round pipea cecause of eaae of inscallacion.
H-flwna. have ceen affaccivaly used ac pipe/culverc
oucfall locacions. Weirs cypically are ceac suiced for
mea.uremenc of open-channel flow where low approach
velocicies can ce achieved cy increasinq weir heiqhc and
removal of accumulaced macerials from che upacream face
is praceicacle. Also, compound weirs can ce confiqured
co provide very broad flow ranqes ceyond ehe capaciey of
a .inqle flume or simple weir. If a weir is employed
under non-"ideal" sicinq condieions (i.e. inadequaee
cre.e heighe, high velocicy of approach), or if ceeeer
chan ~lO percene accuracy is de. ired for normal
in.eallaeions, ic is recolIIII\ended ehae a specific raeinq
curve be developed ca.ed on independene volumeeric flow
measuremencs such as cimed qravimecric. eracer dilueion.
or velocicy-area eechniques.

In addieion co weirs and flume.. several
manufaceurers offer inacrumene syscems which combine an
eleceromaqneeic or sonic-doppler veloqiey sensor wieh a
flow depeh sensor co decermine flow race ehrouqh a
velocicy-area coneinuiey compucaeion., The.e eypes of
sy.eema are co.ely and ie is cese co conduce independene
flow verificaeion calibraeion co correlaee velociey
me.auremenes wieh aceual average flow velociey. Properly
inscalled and calicraced. ehe.e devices can produce flow
measuremenes wi chin ~2 percene accuracy for flow velociey
up co 20 feec/second.

Flow mea.uremene by weir. flume or velociey aensor
requires concurrene depch of flow mea.uremene.
Recoll'lll\ended inscrumencaeion include. direce coneace elec­
cronic pressure cransducers. cubcler/isolaced pre.sure
eransducer combinaeions, and eleceronic ulera.onic waeer
surface level sensors. The'cubbler and pre.aure erans­
ducer are locaeed in ehe flow scream. whereas ehe
uleraaonic level sensor is a cop-down sensor ehae
measurea ehe di.cance co che waeer surface from a
mouncinq locacion in ehe airspace above che flow paeh.

All of ehe.e level sensors provide reliable
operacion and are capable of sen.icivicias of ~O.l inch
in eypical applieaeions.

~ 1 Cboroc:-ri-oh4on• Sompl log tgr Anolyt coWot,,; Quolibl

Because of ehe eLme variaeion of boeh flow race and
waear qualiey conseieuene conceneraeion. ehae occur in
scormwaCar runoff durinq seorm evenes and in cbe oueflow
from erea~enc scruceure•• pollucane concrol performance
monicoring require. che ~olleceion of flow-weighced
compo.ice sample. over boch che inflow and oucflow
hydroqraphs. Addicionally. if dry waacher inflow is
pre.enc. incar-evenc (becween scorms) flow monicoring and
.ampling i. requirad for on-line scruccures such a. wec­
decencion basins in order co quancify wacer qualicy
conseicuanc flux under dry weacher-basetlow condicions.

,Storm Event Monitgring. Plow-weigheed compo.ice
sample. should be collecced u.ing an aucolll4cic sampler
driven by cLme inceqraced flow mea.uremencs (flow paced)
co produce eieher a .ingle colleceion concainer direcc
compo.ice sample or co produce flow-paced di.crece
.amples in separace eoncainer. . Boeh meehod. have
discincc advancagea. Direcc compoaicing allowa for
freqUenc flow-paced samples co be caken over a scorm
hydroqraph co assure developmenc of an avenc mean
coneeneracion (EKC) eomposice chac is based on many
sample aliquocs cnroughouc che rising. falling and peak
flow, periods of che runoff hYdrograph or creaemenc
scruccure discharge hydroqraph. Laboracory analycical
COsCs are minimized in comparison co discrece samplinq
since only a sinqle compo.ice requires analycical
characcerizacion.

:' In compari.on, discrece .ampling allows che
ch&raccerizacion of pollucoqraph effeces~ scorm
even!;s cecause che individualicy of aach flow-paced
sample aliquoc is mainCained by separaCe concainers.
Thi. permic. wacer qualicy con.cicuenc characcerizaeion
of e.ch individual sample co identify ehe cLme variacion
of concencracion (pollutograph)~ ehe machemaeical
compo.icinq of individual sample aliquot analytical
value. co produce EKC value.. This lIIechod also allow.
for che flexibilicy co prepare a flow-weiqheed. manually
composiead sample from a portion of ehe individual s4lllple
aliquocs ~ reservacion of ehe aliquoc remainder for
individual analyeical characearizacion. As an example.
chis'approach can ce u.ed co produce pollutoqraphs for
lower cost indicator parametars such a. convencional
pollucancs ~ makinq a manual compo.ita EKC dacer­
minacion for che more co. ely coxic organic consticuencs.

A qood eargae for hydroqraph wacar qualicy consei­
euenc charaeeerizaeion is co collacc aliquocs over at
lea.t 80 percanc of ehe eoeal scorm hydrograph volume.
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Moni-pring Per4gd gl Socprd And Storm tyent pi3tr~aut~Qn

It is desirable that the monitoring program include
e distribution of sampled events that is representative
of the average annual rainfall event depth distribution.
The following fiqure is an example 24-hour total rainfall
event distribution for oallas. TX which illustrates that
50' and 90' of average annual rainfall occurs for storms
of a depth less than 1 inch and 2~ inches. respectively.

Ha.vin<;r actual monitored event-specific raintall data
at hand. the inve.tigator can make astute decisions on
future target storms for priority monitoring. or to
assess what the previously accumulated control perfor­
mance data set represents with respect to average annual
conditions. Target storm identification should also
address identification of seasonal storms (wet/dry.
winter/summer) for monitoring through review of long-term
monthly averaqe rainfall totals.
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Although it is always desirable to acquire as much
treatment structure inflow and outflow data 4S possible.
allowable study ti..me and fiscal constraints must be
considered in setting realistic data acquisition targets.
It i. recommended that monitoring programs target
acquisition of between 10 and 20 storm event
inflow/outflow and baseflow data sets over a two- to
three-year period. In the urban land use environment.
storm depth must typically exceed 0.2 inch before
sutficient runoff/inflow is produced to allow treatment
structures inflow/outflow automated sample collectiun.
Of course. tni.s generalization is influenced by site-

Since treatment structure outtlow rates are
attenuated from inflow rate. because ot storage volume
~ening. outflow hydrographs can be extended over
significantly longer ti..me periods than intlow hydro­
graphs. so sample aliquot collection must occur over a
longer ti..me period.

It is recommended that minimum analytical
characterization include TSS. BOO. ·COO. nutrients (total
phosphorus. dissolved phosphorus. TKN. NO,+NO,). and total
an~ dissolved metals (copper. lead. zinc. cadmium). c

In;er-~vent MQnitQr~ng. For wee-detention ba.in.,
significant outflow flux of algal materials and
as.ociated oxygen demand. nitrogen and phosphorus. can
occur under inter-",vent baseflow conditions. Therefore.
tor structural treatment basins which are subj ec.t. to
significant inter-storm event baseflow throughput. it is
important to gain an understanding of water quality
constituent flux during t.he.e low flow periods. This can
be accomplished by collecting weekly or daily inflow and
outflow flow compo.ite samples during inter-event periods
using the same automated monitoring system put in place
prLmarily for storm event monitoring. Sample colleaeion
flow-pacing parameters can be reset during inter-event
period. to collect adequate characterization s~les.
The.e long-term inter-event monitoring activities
typically target a li..mited number of indicator
pollutants.

The initial sample at trea~~ent structure intlow should
be collected early in the rising limb at the hydrograph
to capture any initial tlush effects. Automated sampling
systems inco~orate the ability to initiate sampling at
a predetermined depth level and to convert level into
flow rate for flow-paced sampling throughout the intlow
or outtlow hydrograpn. The pacing of sample collection
should be based on ant.icipat.ed storm runott volume
conditions. This can be accomplished by developing a
table of flow-pacing rates (i.e. cubic feet of flow/
sample aliquot) as a function of anticipated raintall
amount to produce the desired direct composite volume or
number of discrete sample aliquots. It is important chat
the sample aliquot collection rate not exceed the
mechanical capacity ot the automatic sampler. Typically.
samplers can cycle (system purge and sample collection)
as often as once every 60 seconds. It is also recom­
mended that a minimum of eight (8) aliquots be collected
ot treatment structure storm related inflow and outflow
for meaningful EMC or pollutograph Characterization. It
is be.t if the.e samples represent the initial. peak and
recession regions of the hydrograph.
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Et:QCt3 gt ~r~Atmepb Structure Oyerflow And aypassing gn
MQnitgr~ng 3emljrements

Thes. curv.. w.r. d.v.lop.d for Au.cin, TX u.ing
50 years of hourly rainfall daca and fi.ld-v.rifi.d
runoff coeffici.ncs. The p.rcenc of annual runoff chac

________.::i.::s'-.:.:n.::o-'c'-.::C.::ll"'p:..:c:.:u=.:red is bypa••ed uncr.aced. This can b.

sp.cific land us./imp.rvious cover condicion.. Th.
collecc.d creaem.nc p.rformanc. daca sbould b. r.vi.wed
for consiscancy (i.e. good inflow/oucflow wac.r balanc••
scormvolum. characcari~acior.>80') and r.pr•••ncacion of
local hydrologic condicion.; ch.n, judgemencs mad. for
fucur. monicoring daca n.eds as nec•••ary.

Basic daca analysis for .ach monicored scorm .venc
should include: 1) wac.r qualicy conscitu.ncs inflowl
oucflow EKe d.c.rminacion from ch. analytical laboracory
r.sults in combinacion witb the inflow/outflow flow daca
if cim.-paced discr.ce sample coll.ccion wa. employed,
and ·2) p.rformanc. of an inflow/oucflow wat.r ma.s
balance calculacion co assur. chat inflow. and di..charge.
have adequacely accounted for any gains or 10.... and Co
malt. any n.c••sary a.sumpciQns. All .corm daca s.t. are
cb.n uaed cog.ch.r co calculat. p.riod of r.cord
pollucant removal control .ffici.ncy.

PAtA AnolyaiSi

addr.....d in a monicoring program by conduccing inflowl
oucflow wac.r balanc. calculacion. to quancify bypa•••••
or a chird flow monicor can b. in.called downscr.am of
ch. off-lin. flow splic:.r co quancify bypa••e. dir.ccly.

. Also. dry basin. such a••xt.nded d.t.ncion and
filcracion basins which ar. configured on-lin. ar. al..o
subjecc co r ••usp.n.. ion/washout during excrem. scorm
.v.ncs and targec scorms for ch. monicoring program
.hould accempt co quantify chis occurr.nc.. Therefore,
the ·performance variability associated with on-line
treaement structures is much higher t:ban off-line systems
and t:bis should be addressed through more axtensive
monitoring plans.

As pr.viously m.ncioned, w.C-d.c.ncion ba.in.
cypically funccion in an on-lin. confiquracion and. as
.uch, all surfac. discharge from the ba.in is ov.rflow.
Since hydraulic r •• id.nce cim. aff.ccs che dis.olv.d
pollucanc conv.rsion proc..... a.sociac.d wich rooc.d
planc and algal biological upcalt., wac.r column chemical
conv.rsion, and waCer column/sedim.nc inceraccion. ic is
imporcanc chac p.rformance monicoring program. cargllc a
rang. of scorm .v.nc and inc.r-.v.nc .ampl. coll.ccion
accivici.s co addr.s. cbi.. highly varied rang. of basin
operacing condicions. Thi. i. imporcanc in ord.r co
.scablisb che average and .xp.cced variacion in concrol
performance und.r ch. influence of che local hydrologic
cycle. For .xample. excrem••v.ncs which produc. high
flow rac.s can resusp.nd s.ccled mac.rials and ~roduc.

"negaciv." pollucanc· removal .fficienci•• , hydraulic
.horc-circuicing of flow. can occur if basin. ar.
d••igned wichout suffici.nc baffling or l.ngch co width
rati9s and. chus. gr.atly r.duc. pollucanc control
performanc.. Additionally. inc.r-.v.nt flows can conv.y
.ignificant pollucanc mas. loads .

..

F:.~

..I. I U

'-WI' .... .",.....~,.......
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Treacm.nc scruccure ov.rflow and bypassing impacc
long-cerm pollucanc concrol p.rformance. Off-line scruc­
cures such a8 exeended detencion basins ana filer&tion
ba.ins are d... igned co isolac. and creac a sp.cific
desit;ln volume of scorntWac.r runoff. Runoff volume. which
.xceed ch. scorag. volume capacicy of cb. scruccur. are
bypass.d uncreaced. In a•••s.ing ch. long-c.rm concrol
p.rformance of off-lin. scruccur•• , bypassing mu.c b.
Calt.n inco consid.racion. To illuscrac. cbis impacc, cb.
following figure pr•••ncs annual capcur. .ffici.ncy
curve. for ofl:-lin. basins wich 40-hour ba.in drawdown a.
a funccion of .Corag. volume and cribucary area p.rc.nc
impervious cov.r.
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&Me Det"r:ni"ation. Oeeerminaeion of EMC is a

seraiqheforNard procedure. Obviously, for direce
composiee samplinq, ehe analyeical laboraeory resules are
the £MCs. For discreee aliquoes ehae are equally flow­
paced. EMC is deeermined by summinq the discreee
conceneraeion values and dividinq by the eotal number of
samples. Time-paced or variable flow-paced discreee
aliquoes muse be mathematically weighted by the percen­
tage of total flow each represents over the hydroqraph.

Water 3alanc-. Inflow/outflow water balance calcu­
lations allow the investiqacor co determine if flow
mClnitorinq equipmenc is operacing accurately and to
account for miscellaneous inflows and losses such as
qroundwater infiltrative losses or gains, evaporation in
wet ponds. and any cribucary drainage area between the
inflow and oucflow monitorinq locations. Each of these
consideraeions is site-specific; however, waeer balance
accounting and subsequent follow-up investigation and
subsequent assumptions to establish the fate or source of
flows and associated water quality constituent loads is
important when establishing accurate pollutant ~
reductions for treatment structures.

PQllutant Control Per~Qrmance. Ideally. monitoring
studies will generate a flow and water quality
constituene database consisting only of paired inflow and
outflow daea resultinq from the same storm events or
baseflow periods. For characterization of long-term
control performance, it is important that evaluation be
based on lonq-term data (multiple years) which quantifies
pollutant loadinqs at the inflow and outflow points over
a wide ranqe of hydroloqic conditions. Althouqh sinqle
event removal efficiencies can be calculated, it is
strongly recommended that lonq-term inflow and outflow
records be combined to establish representative long-term
performance.

Calculation of Removal Efficiencies. The effective­
ness of treatment structures is usually expressed as an
efficiency in terms of the relative chanqe between input
and output of the seructure. As an equation, it takes
this form:

EfHciency • (1 - outPUt) )( 100
lnpue

There are several methods for developing removal
efficiencies. Each method is dependent on the monitoring
arranqemenc for the Craa~enc structure sice. as well as
the suitability of the data sec for analysis.

Where possible. paired inflow and out~low storm data
should be used in computing pollutane removal rates for
the selected constituents. aefore calculatinq removal
efficiencies. it is useful to assess ehe monieoring daea
and eliminate storms with anomalous daea. Data inspec­
tion can be performed graphically (histograms. box plots,
scatter plots. etc.) and/or throuqh che use of simple
statistics such as mean. median, standard deviation, and
coefficient of variance.

Data should be reviewed for any inconsistencies
between inflow and outflow volumes and concentrations.
'" storm Il\AY be eliminated if there are documented
monitorinq problems. Note other outlyinq data points and
eliminate those events from analysis.

Long-Term Removal Efficiency. Of greacest interest
to engineers and planners is the typical lonq-term
removal efficiency for a given treat.:nent seructure. since
the variation in efficiency for individual scorm events
can often be significant. Mass loadings measured
entering and leaving the pond over che entire monitoring
interval are summed separately and evaluated usinq the
formula:

Ef!iciency • (1 _ total outflow lOad)
cocal inflow load lC 100

This method is only appropriate for storm events and
baseflow periods with paired inflow and outflow data
which exhibit an accurate flow balance. Significant
error can be introduced by using unpaired data and/or
data records which have siqnificantly different inflow
and outflow volumes (poor water balance) •

Medidn Loading Rate Reduction. Past experience has
shown that mosc runoff processes are loqnormally
distributed and chat comparisons of the median values
will provide an adequate estimate of the pollutanc
removal efficiency. An alternative approach for
calculatinq removal efficiencies also uses the entire
paired storm daca set qeneraced at each monicorinq
station. In this mechod, che event mean concentracion
(EMC) for each scorm is multiplied by the cotal storm
flow. Statistically analy%e the entire populacion of
inflow and outflow storm loads for all events to
determine the median stom event loadinq at che inlet and
outlet of the treatment structure. Removal raCes are
computed usinq the following formula:
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(

median outflow lOad) lC 100
Median Efficiency· 1 - median indow .l.oad

Ae-auoting frgt 9ypa35e3. To escimace concrol per­
formance :or off-line trea~ent structures. the effeccs
of bypassing must be caken into consideration. 'If the
inflow and outflow monitoring data is so.l.ely for the
treatment structure and does not include quantification
of bypass flows. chen long-term pollutant control effi­
oiencies should be reduced based on estimates of percent
annual runoff bypassed developed from estimates of
percenc annual capture for treaement as presented
previously. Using this technique. measured basin effi­
ciency is reduced by the product of basin average annual
runoff volume capture fraction. aa follows:

Annual Runoff
AccU&l EfUciency • BAsin EfUciency lC CAllcw:e Fuccion

Summai:(

Monitoring the pollutant control performance of
structural treaement controls for stormwater runoff
quality management is a complex procesa which requires
simultaneous measurement of flow rates into and out of
the scructure. with concurrent coliecuion of water
quality samples. Typically. monitoring stations must be
retrofit to existing inflow and outflow structures and
site physical constraints may not allow for "ideal" flow
metering conditions to be attained. Under these condi­
tions. development of in situ primary flow measurement
device rating curves is recommended. Also. if there are
significant water gains or losses between the inflow and
outflow monitoring locations. flow and quantity
estimating techniques should be employed to "close" the
water balance for each monitored event or monitoring
period if baseflow is included.

In comparison to off-line struccures. on-line struc­
tures require more excensive monitoring to characteri%e
performance under the normal range of hydraulic residence
time variacions and both extreme storm high flow and low
flow dry weather conditions to which these devices are
exposed under local hydrometeorological condi tions. Of f­
line structures. while not subjecc to the full range of
hydrologic variation of an on-line device. do allow
bypassing of untreated runoff in excesa of basin storage
volume. Bypass must be taken into consideration when
esCablishinQ effective pollutant reduction efficiency for
ott-line devices.

Establishing long-term pollucant control performance
for structural treaQnent controls requires a long-term
paired inflow and outflow database. There are no
shortcuts. Monitoring plans should consider the local
average annual depth diacribucion of rainfall events to
identify "target" scorm magnitudes and wet/dry seasonal
differences. Ory weather baseflow. if significant.
requires a sampling plan for inter-event periods to
quaneify pollutant inflow/outflow ~lux during non-storm
periods.

Control perforlNlnce should be evaluated based on
redudcion in water quality constituent mass loads from
long-term paired inflow and outflow data sets with good
water balance data or with water balance resolved through
accounting estimates for water quantity and quality.
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P.O. Box 709
Falmouth, MA 02541
Telephone: 508-548-5800/F-540-3835

8 rd, William L. - Engineering Associate
City of Austin/ECSD
P.O. Box 1088
Austin, TX 78767
Telephone: 512-499-3565/F-2846

C ok, Michael 8. - Director " ""
U.s. EPA
Office of Water Enforcement
401 M Street, SW
Washington, DC 20460
Telephone: 202-260-5850/F-l 040

CO?" John H. - Environmental Specialist
I FL Dept. of Environ.Protection

2600 Blairstone Road
Tallahassee, FL 32399-2400
Telephone: 904-921-9914/F-488-6579

Doerfer, John T. - Project Hydrologist
I Urban Drainage&Flocxl Control

2480 West 26th Avenue
Ste.156-B
Denver, CO 80211
Telephone: 303-455-62n/F-7880

Dutlley, Lynn A. - Director of Engineering
Vortox Company
121 S.lndian Hill Boulevard
Claremont, CA 91711
Telephone: 909-621-3843/F-624-7212

Field, Richard - Chief, Storm & csa Program
U.S.E.PA
Office of R&D, MS 106
2890 Woodbridge Ave.
Edison, NJ 08837-3679
Telephone: 908-321-6674/F-906-6990

Goo, Robert L. - Environ. Protection Specialist
U.s. EPA
Nonpoint Source Control Branch
401 M Street, NW
Washington, DC 20460
Telephone: 202-260-7025/F-19n
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Green, David R. - Environmental Scientist
Brown & Root
910 Clopper Road
Gaithersburg, MD 20878
Telephone: 301-258-8518/F-2568

Greer, Randell K. - Environmental Engineer
Delaware Dept. Nat. Resources
Div. Soil & Water Conservation

. P.O. Box 1401
Dover, DE 19903
Telephone: 302-739-4411 /F-6724

Grizzard, Thomas J. - Director
OCCOGUAN Watershed Monitor
9408 Prince William Street
Manassas, VA 22110
Telephone: 703-361-5606/F-7793

Hale, Timothy W. - District Chief
U.S. Geological Survey
3039 Amwiler Road
Suite 130, Peachtree Bus. Ctr
Atlanta, GA 30360-2824
Telephone: 404-903-9100/F-9199

Harrison, H. Douglas - General Manager
Fresno Metro Aood Control
5469 East Olive
Fresno, CA 93727
Telephone: 209456-3292/F-3194

Hickernell, Barbara K. -"Conferences Di~ector·- - ..... .
Engineering Foundation
345 East 47th Street
Suite 303
New York, NY 10017-3708
Telephone: 212-705-7836/F-7441 .

Holme, Howard - Attorney
Fairfield and Woods, PC
1700 Uncoln Street, #2400
Denver, CO 80203
Telephone: 303-830-2400/F-1 033

Horn, Michelle L. - Environmental Engineer
WA State Department of Ecology
Water Quality Program
P.O. Box 47600
Olympia, WA 98501
Telephone: 206-407-6450/F-6426
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Homer, Richard R. - Research Associate Professor
University of Washington
230 NW 55th Street
Seattle, WA 98107
Telephone: 206-782-7400/F-781-9584

Ho ghtalen, Robert J. - Associate Professor
Rose-Hulman Institute of Tech
Civil Engineering Department
5500 Wabash Avenue
Terre Haute, IN 47803
Telephone: 812-8n-8449/F-3198

Hu ,er, Wayne C. - Professor-&Head-- -­
Oregon State University
Civil Engineering Dept.
Apperson Hall 202
Corvallis, OR 97331-2302
Telephone: 503-737-6150/F-3052

Huse, Thomas K. - Vice President
Consoer Townsend Environdyne
303 East Wacker Drive
Chicago, IL 60601
Telephone: 312-938-0300IF-same

Hyatt, John - Sales Manager
Vortox Company
121 S. Indian Hill Boulevard
Claremont, CA 91711
Telephone: 909-621-3843/F-624-7212

Jam s, Wiiliam - Professor
University of Guelph
36 Stuart Street
Guelph, Ontario N1 E 4S5 CANADA
Telephone: 519-767-o197/F-2no

Jennings, Marshall E. - Civil Engineer
U.S. Geological Survey
8O~ 1 Cameron Road
Building 1
Austin, TX 78754
Telephone: 512-873-3068IF-3090

Joh son, Kurt L. - Hydrologist/Biologist
U.S. Geological Survey
3535 S. Sherwood Forest Blvd.
Suite 120
Baton Rouge, LA 70816
Telephone: 504-389-o2811F-0706
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Jones, Jonathan E. - Vice President
Wright Water Engineers
2490 W. 26th Avenue
Suite 100-A
Denver, CO 80211-4208
Telephone: 303-480-1700/F-l 020

Kibbey, Heather J. - Water Quality Specialist
Pierce Co. SWM

.4910 Bristonwood Drive, West
Tacoma, WA 98467-1299
Telephone: 206-596-2725/F-591-n09

Kort, Robert L. - Civil Engineer ---- - ..
USDA Soli Conservation Service
69 Union Street
Winooski, VT 05404
Telephone: 802-951-6795/F-6327

Leif, William T. - Water Quality Engineer
Snohomish County
Surface Water Management
2930 Wetmore Ave., Suite 101
Everett, WA 98201-4044
Telephone: 206-388-3464/F-6449

Lennander, Jon W. - Professional Engineer
Barr Engineering Company
8300 Norman Center Drive
Minneapolis, MN 55437-1026
Telephone: 612-832-2785/F-2601

Uvingston, Eric H. - Environmental Administrator _.
FL Dept. Environ. Regulation
Route 3, Box 5346
Crawfordsville, FL 32327
Telephone: 904-921-9915/F-488-6579

Lyubovny, Alia
Department of the Navy
Westem Division Code 011
900 Commodore Drive
San Bruno, CA 94066-2402
Telephone: 415-244-1001 /F-l 055

Mack-Mumford, Derek - Senior Environmental Engineer
City of Scarborough
300 Consilium Place
Suite 1000
Scarborough, Ontario M2M 2H7 CANADA
Telephone: 416-396-7384/F-5681
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Mangarella, Peter A. - Project Manager
Woodward Oyde
500 12th Street
Oakland, CA 94607
Telephone: 510-874-3022/F-3268

Mattison, Richard - NPS Director
Kinnetic Laboratories
307 Washington Street
Santa cruz, CA 95060 .
Telephone: 408-426-3900/F-0405

Maxted, John R. - Environmental Scientist
DE Dept. of Natural Resources"'·'· .... ,
Division of Water Resources
P.O. Box 1401
Dover, DE 19903
Telephone: 302-739-4590/F-6140

McBride, Kevin P. - Stormwater Quality Coordinator
Fort Collins Stormwater Util.
231 Mathews Street
Ft. Collins, CO 80522
Telephone: 303-221-6589/F-6239

Mdcleary, Robert B. - Stormwater Engineer
Delaware Dept. Transportation
P.O. Box 778
Dover, DE 19903-0778
Telephone: 302-739-4327/F-3447

McClelland, Scott I. - Associate
Camp Dresser & McKee Inc.
One City Center .
Suite 1750
Tampa, FL 33602
Telephone: 813-221-2833/F-2279

MoWreath, Harry C. - Fort Worth Subdistrict Chief
I u.S. Geological Survey

I
P.O. Box 6976
Fort Worth, TX 76115
Telephone: 817-334-5551 /F-5237

Minor, John D. - Manager of Water Resources
City of Scarborough
300 Consilium Place
Suite 1000
Scarborough, Ontario M1H 3G2 CANADA
Telephone: 416-396-4949/F-4156

M ser, Rick - Hydraulics Engineer
CO Dept. of Transportation
4201 East Arkansas Avenue
Room 309
Denver, CO 80222
Telephone: 303-757-9343/F-9868
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Oswald, George E. - Associate Engineer
Camp, Dresser & McKee, Inc.
8911 Capital of Texas Highway
Suite 4240
Austin, TX 78759
Telephone: 512-345-6651 /F-1483

Pa~adopoulos, Marios G. - Environmental Engineer
- City of Ruston

.P.O. Box ·280
Ruston, LA 71273-0280
Telephone: 318-255-0800/F-8638

Pitt, Robert E. - Associate Professor
University of Alabama
Civil & Environ. Engrg. Dept.
1150 10th Avenue, South
Birmingham, AL 35294
Telephone: 205-934-8430/F-9855

Roesner, Larry A. - Chief Technical Officer
Camp Dresser & McKee. Inc.
1900 Summit Park Drive
Suite 300
Orfando, FL 32810-5934
Telephone: 407-660-2552/F-875-1161

.Rorholt, Anders A. - Director
TARTR Ex SA
Rte. de Chatelard 50 A
1018 Lausanne SWITZERLAND
Telephone: 4121-648-4414/F-2410

Rossmiller, Ronald L. - National Stormwater Director .
HDR Engineering, Inc.
500 10ath Street, NE
Suite 1200
Bellevue, WA 98004-
Telephone: 206-453-1523/F-71 07

Rushton, Betty T. - Environmental Scientist
SW Rorida Water Mgmt. Dist.
2379 Broad Street
U.S. 41 South
Brooksville, FL 34609~
Telephone: 904-796-7211 /F-754-6885

Salgo, Michael
137-32 76th Avenue
Flushing, NY 11367
Telephone: 718-263-4246
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salinas, Mercedes M. - Administrative Assistant
City of Corpus Christi
P.o. Box 9277
Corpus, TX 78469
Telephone: 512-857-1840/F-1889

Shaver, Harvey Earl - Environmental Engineer
DNREC son and Water·
89 Kings Highway
P.O. Box 1401
Dover, DE 19903
Telephone: 302-7394411 /F-6724

Sie er, Philipp - Water-Quality Engineer········
CO Dept. of Transportation
4201 East Arkansas Avenue
Room 309
Denver, CO 80222
Telephone: 303-757-9343/F-9868

Skipper, Gary N. - Regional Vice President
ADS Environmental Service
7243 Engineer Road
Suite D
San Diego, CA 92111
Telephone: 619-571-{)045/F-277-9858

Sneider, Ton H. - Senior Engineer
Auckland Regional Council
Private Bag 68912
Newton
Auckland NEW ZEAlJ\ND
Telephone: 64-9-3794420/F-3662155

Sn dgrass, William J. - Sr.Environ. Research Scientist
Ministry Ontario Transport
Research & Development Branch
1267 Bramblewood Lane
Mississauga, Ontario L5H 119 CANADA
Telephone: 416-235-5254/F-4872

SO ur, Channy - Engineer
City ofAustin/ECSD
P.O. Box 1088
Austin, TX 78767
Telephone: 512-499-2697/F-2846

Sor nsen, Jon H. - Senior Project Manager
CH2M Hill
P.O. Box 22508
Denver, CO 80222
Telephone: 303-771-{)900/F-290-6566
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Strecker, Eric W. - Associate
Woodward-CIyde Consultants
111 S.W. Columbia
Suite 990
Portland, OR 97201
Telephone: 503-948-7253/F-222-4292

Sun, Roland - Division Manager
City of san Jose
,Environm'ental Services Dept.
700 Los Esteros Road
San Jose, CA 95134
Telephone: 408-945-5307/F-5492

Swietlik, William F. - Chief, Stormwater Section
US EPAOWEC
401 M Street SW
#4203
Washington, DC 20460
Telephone: 202-260-9529/F-1460

Tate, William D. - Environmental Engineer
U.S. EPA
401 M Street, SW
Washington, DC 20460
Telephone: 202-260-6963/F-l460

Thomas, P. Michael- Principal Environ. Planner
Atlanta Regional Commission
3715 Northside Parkway
200 Northcree, Suite 300
Atlanta, GA 30327
Telephone: 404-364-2582/F72606

Torno, Harry C. - Consultant
2880 Seapoint Drive
Victoria, 8C V8N 1S8 CANADA
Telephone: 604-4n-7998/F-472-1057

Tucker, L. Scott - Executive Director
Urban Drainage & Flood Control
2480 W. 26th Avenue
Suite 156-8
Denver, CO 80211
Telephone: 303-455~2n/F-7880

Urbonas, Ben R. - Chief Master Planning Program
Urban Drainage & Flood Ctrt
2480 West 26th Avenue
156-8
Denver, CO 80211
Telephone: 303-455-62n/F-7880
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va~ Sickle, Donald R. - Manager, Water Resources
Espey, Huston & Associates
800 W. Sam Houston Parkway
Suite 201
Houston, TX n042-1914
Telephone: 713-781-8800/F-8010

Waller, William T. - Professor
. University of North Texas

.Institute cif Applied Sciences
P.O. Box 13078
Denton, TX 76203-3078
Telephone: 817-565-2982/F-4297

WaliWick, John J. - Director, Grad. Hydro Program
University of Nevada - Reno
1000 Valley Road
Reno, NV 89512
Telephone: 702-784-6250/F-4583

wat, Terry G. - Hydrologic Engineer
Public Works Engineering
Salt Lake County
2001 S. State Street, #N-3300
Salt Lake City, UT 84190-4600
Telephone: 801-468-2711 /F-2586

Wegener, Kevin - Manager, Wasterwater OPS
City of Aurora
1470 South Havana. #400
Aurora, CO 80012
Telephone: 303-695-7370/F-7491

Whi man, Keith - Program Manager
Santa Clara Valley Water Dist.
Nonpoint Source P.C. Program
5750 Alameda Expressway
San Jose, CA 95118
Telephone: 408-265-2600/F-266-4216

Wilson, John R. - Storm Water Coordinator
P;z Dept. of Environ. Quality
3033 North Central Avenue
Phoenix, P;z 85012
Telephone: 602-207-4574/F-4467

Wotzka, Paul J. - Surface Water Hydrologist
Minnesota Dept. of Agriculture
Agronomy Services Division
90 West Plato Boulevard
St. Paul, MN 55107
Telephone: 612-297-7122/F-2271
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Wright, Raymond M. - Professor
University of Rhode Is/and
Civil Engineering Department
Bliss Hall
Kingston, RI 02881
Telephone: 401-783-9178/F-792-2786

Wulliman, James T. - F:"ojeet Manager
CH2M Hill

. P.O. Box 22508
Denver, CO 80222
Telephone: 303-n1-0900/F-6566

Young, Jonathan - Mgr., Water QualitY Planning
Alan Plummer & Associates, Inc
841 West Mitchell
Arlington, TX 76013
Telephone: 817-461-1491 /F-860-3339




