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Storm water quality can have a significant impact on receiving water bodies.  The chief 

recipients of these impacts are aquatic life in the receiving water body and downstream water 

users.  Over the last few decades, legislation, regulations, institutions and facilities have evolved 

to recognize the impact of urban storm water on receiving streams.  This increased emphasis has 

caused contaminants in storm water to be identified as a major concern.  This developing 

concern has generated an increased interest in the water quality of our streams and lakes and 

emphasized the need for more monitoring efforts.  With the passage of the National Pollutant 

Discharge Elimination System (NPDES) Phase II requirements, small municipalities are 

responsible for storm water impacts on receiving waters within their jurisdiction.  For the 

purposes of NPDES Phase II requirements, small municipalities are identified as these 

municipalities that are typically composed of 10,000 but less than 100,000 in population. 

The purpose of this dissertation is to develop a manual for use by the staff of small 

municipalities in meeting the requirements prescribed by changes initiated in the NPDES Phase 

II regulations.  Attempts were made to comply with these requirements within a very limited 

manpower and budget framework and to develop procedures that would allow for permit 

compliance using testing equipment that was both reliable and robust.   

The users’ manual provides valuable guidance in the establishment of a knowledge base 

for characterization of the watersheds selected for study.  Chapter 3 of the dissertation contains a 



users’ manual, designed for use by municipal staff members in their efforts to comply with the 

NPDES Phase II requirements. 

Using the techniques and equipment capabilities developed during the writing of the 

users’ manual a characterization of three watersheds within Denton County, Texas was 

developed.  Non-storm water samples were taken from each of the streams and a baseline 

analysis was established.  The three watersheds represented agricultural, suburban and urban 

settings.  Storm water samples were obtained from multiple storms within all three watersheds 

and data analysis used to determine the character and impact of urban runoff.  

Determination of the constituents for analysis was based on monitoring requirements of 

the NPDES Phase I and II requirements for owners and operators of municipal separate storm 

sewer systems (MS4) and on the Texas Pollutant Discharge Elimination System (TPDES) Multi-

Sector General Permit (MSGP).  The three watersheds were determined to have multiple 

statistically significant differences for some parameters between their Base Flows and Storm 

Flows.  The impact of urban runoff on the receiving waters of these three drainage systems was 

clearly demonstrated throughout the testing period. 



ACKNOWLEDGMENTS 

This research was accomplished in part through the funding of the Unites States 

Environmental Protection Agency and with the assistance of members of the Environmental 

Department of the City of Denton, Texas.  I would like to extend a special thanks to Jim Coulter 

and Bill McCullough for their assistance throughout the research effort. 

I wish to thank Dr. Sam Atkinson and the members of my dissertation committee for their 

sense of humor, guidance, direction and support during this arduous process.  All of the members 

of my graduate committee have been especially patient and helpful in the accomplishment of this 

task.   

I also want to add a special thanks to my wife for her faith and understanding during the 

time spent in accomplishing the research and writing the manuscript.  Her assistance in 

correcting my grammar and patience in listening to me work through problem areas has made 

this effort both educational and enjoyable. 

.

 ii



TABLE OF CONTENTS 

                                                                                                                             Page 
 

ACKNOWLEDGMENTS ...............................................................................................     ii 
 
LIST OF TABLES...........................................................................................................    vi 
 
LIST OF ILLUSTRATIONS...........................................................................................   vii 
 
LIST OF ACRONYMS USED IN THIS DISSERTATION ...........................................    ix 
 
CHAPTER 
 

1. INTRODUCTION .........................................................................................    1 
 

1.1  Water Quality As An Environmental Issue ............................................    1 
1.2  Statement Of The Problem …………………………………………….    2 
1.3  Objectives Of This Research……………………………………………    4 
1.4  Organization Of The Dissertation………………………………………    4 
1.5  Water Quality Legislation………………………………………………    6 
1.6 Nonpoint Source Pollution……………………………………………..    9 
1.7 Nonpoint Source Pollution Legislation…………………………………  11 
1.8 Other Storm Water Management Programs……………………………  14 
1.9 Monitoring Requirements………………………………………………  15 

 
2. LITERATURE REVIEW ..............................................................................  18 

 
2.1 Current Thinking On Needs And Methods For Monitoring Storm 
       Runoff .....................................................................................................  18 
       2.1.1    Monitoring Criteria .....................................................................  19 

        2.1.2    Automated Versus Manual Sampling .........................................  21 
2.1.3 Dissolved Oxygen, Biochemical Oxygen Demand And Chemical  
             Oxygen Demand ........................................................................  22 

        2.1.4     Soils And Land Use ...................................................................  24 
        2.1.5     Sediment ....................................................................................  25 
        2.1.6     Metals.........................................................................................  27 
        2.1.7     Models .......................................................................................  27 
        2.1.8     Data Availability........................................................................  31 
        2.1.9     Nutrients.....................................................................................  31 
        2.1.10   Pathogens ...................................................................................  33 
        2.1.11   Temperature ...............................................................................  35 
        2.1.12   Anthropogenic Toxins ...............................................................  36 

 iii



        2.1.13   Toxicity Testing.........................................................................  38 
2.2 Monitoring Requirements Of Some Storm Water Programs..................  38 
       2.2.1  Nationwide Urban Runoff Program..............................................  38 

  2.2.2  Federal Safe Drinking Water Act .................................................  39 
2.2.3  National Pollutant Discharge Elimination System – Phase I........  39 
2.2.4  National Pollutant Discharge Elimination System – Phase II ......  41 

  2.2.5  Total Maximum Daily Load .........................................................  43 
 2.2.6  Texas Pollutant Discharge Elimination System............................  44 

 2.3  Contaminant Summary ...........................................................................  45 
 

3. A STORM WATER SYSTEM MONITORING MANUAL FOR THE SMALL 
MUNICIPALITY (NOTE:  A Table Of Contents for Chapter 3 is contained within 
Chapter 3) ......................................................................................................  50 

 
4. AN ANALYSIS OF THREE WATERSHEDS WITHIN DENTON COUNTY, 

TEXAS........................................................................................................... 176 
 

4.1  Introduction............................................................................................. 176 
4.2  Hypotheses.............................................................................................. 177 
4.3  Trinity River Watershed General Description ........................................ 178 
4.4  Denton County General Data.................................................................. 181 
 4.4.1  City of Denton .............................................................................. 182 
4.5  Data Collection Effort............................................................................. 186 
4.6  Soils and Wetlands.................................................................................. 188 
 4.6.1  Pecan Creek Soils......................................................................... 190 
 4.6.2  Cooper Creek Soils....................................................................... 192 
 4.6.3  Hickory Creek Soils ..................................................................... 193 
4.7  Equipment ............................................................................................... 195 
4.8  Sample Collection Sites .......................................................................... 203 
 4.8.1  Cooper Creek ............................................................................... 203 
 4.8.2  Pecan Creek.................................................................................. 207 
 4.8.3  Hickory Creek .............................................................................. 210 
4.9  Base And Storm Water Flow Data.......................................................... 217 
4.10  Data Analysis ........................................................................................ 219 
4.11  Base Flow And Storm Flow Comparisons............................................ 226 
4.12  Effectiveness Of The Analysis Effort ................................................... 236 

 
5. CONCLUSIONS AND RECOMMENDATIONS ........................................ 238 

5.1  Introduction............................................................................................. 238 
5.2 Conclusions Regarding The Storm Water System Monitoring Manual  
       For The Small Municipality.................................................................... 239 
5.3 Conclusions Regarding The Analysis Of Three Watersheds Within  
Denton County, Texas ................................................................................... 239 
5.4  Recommendations For Future Research ................................................. 240 

 
APPENDIX 

 iv



     A.  Storm Water Collection and Analysis Form......................................................... 246 
     B.  Sampling Site Photographs ................................................................................... 250 
     C.  Data Printouts........................................................................................................ 275 
     D.  Charts .................................................................................................................... 295 
     E.  Summary Statistics Printouts................................................................................. 338 
     F.  Statistical Analyses Printouts ................................................................................ 387 
     G.  Correlation Matrices ............................................................................................. 409 
 
REFERENCE LIST ......................................................................................................... 445

 v



 

LIST OF TABLES 

Table                    Page 
 
1-1   Differences Between Phase I And Phase II NPDES Storm Water Programs..........  13 
 
2-1   Sources Of Water Resource And Hydrological Data ..............................................  32 
 
2-2   Monitoring Requirement Of National Water Quality Programs .............................  46 
 
2-3   Contaminant Summary ............................................................................................  48 
 
4-1    Pecan Creek Soil Information ................................................................................ 192 
 
4-2    Cooper Creek Soil Information .............................................................................. 194 
 
4-3    Hickory Creek Soil Information............................................................................. 195 
 
4-4    Base Flow and Storm Flow Data............................................................................ 218 
 
4-5    Data Collection Summary ...................................................................................... 222 
 
4-6    Comparison Parameters.......................................................................................... 227 
 
4-7    Comparison of Mean and Standard Deviation for Base and Storm Water Flows for the 
Three Watersheds............................................................................................................. 229 
 
4-8    Comparisons of Base and Storm Water Flows for Hickory Creek Watershed ...... 231 
 
4-9    Comparisons of Base and Storm Water Flows for Pecan Creek Watershed .......... 233 
 
4-10  Comparisons of Base and Storm Water Flow for Cooper Creek Watershed ......... 234 
 
 

 vi



 

 

LIST OF ILLUSTRATIONS 

Figure                  Page 
 
4-1     Location Of Trinity River Watershed.................................................................... 179 
 
4-2     Land Use And Land Cover Of The Trinity River Basin........................................ 180 
 
4-3     Location Of Denton County Within The State Of Texas ...................................... 183 
 
4-4     Denton County Showing Streams And Impoundments ......................................... 185 
 
4-5     Research Watershed Collection Area .................................................................... 188 
 
4-6     Soil Groups Of Denton County.............................................................................. 191 
 
4-7     Datasonde 4 And Surveyor 4 Ready For Use ........................................................ 197 
 
4-8     Surveyor 4 Activated ............................................................................................. 198 
 
4-9     Smart Colorimeter Kit............................................................................................ 199 
 
4-10   DataSonde 4 And Smart Colorimeter Storage Requirements ................................ 200 
 
4-11   Laboratory Work Area ........................................................................................... 201 
 
4-12   DataSonde 4 During Dry Weather Field Employment .......................................... 203 
 
4-13   Cooper Creek Watershed........................................................................................ 204 
 
4-14   Cooper Creek Watershed Collection Sites ............................................................. 207 
 
4-15   Pecan Creek Watershed.......................................................................................... 208 
 
4-16   Pecan Creek Collection Sites ................................................................................. 209 
 
4-17   Hickory Creek Watershed ...................................................................................... 212 
 
4-18   Hickory Creek Collection Sites.............................................................................. 213 
 
4-19   Illicit Dumping at Hickory Creek Collection Site #3............................................. 214 
 

 vii



 

4-20   Industrial Collection Site........................................................................................ 217 
 

 viii



 

LIST OF ACRONYMS USED IN THIS DISSERTATION 

 

AC Atypical Colonies 
 

AMSA Association of Metropolitan Sewerage Agencies 
 

BCF Bio-concentration Factor 
 

BMP Best Management Practice 
 

BOD5 Biochemical Oxygen Demand (Five Day Test) 
 

CDC Center for Disease Control 
 

CFR Code of Federal Regulations 
 

COD Chemical Oxygen Demand 
 

CWA Clean Water Act 
 

CZMA Coastal Zone Management Act 
 

E. coli Escherichia coli 
 

EMAP Environmental Monitoring and Assessment Program 
 

EMC Event Mean Concentration 
 

EPA Environmental Protection Agency 
 

EXAM II Exposure Analysis Modeling System II 
 

FC Fecal Coliform 
 

FWPCA Federal Water Pollution Control Act 
 

GIS Geographical Information System 
 

GP General Permit 
 

HSPF Hydrological Simulation Program – Fortran 
 

MCM Minimum Control Measure 
 

 ix



 

MS4 Municipal Separate Storm Sewer System 
 

MSGP Multi-Sector General Permit 
 

NAWASP National Water Quality Analysis Simulation Program 
 

NAWQA National Water Quality Assessment 
 

NPDES National Pollutant Discharge Elimination System 
 

NRCS Natural Resource Conservation Service 
 

NURP National Urban Runoff Program 
 

PCB Polychlorinated biphenyl’s 
 

PCD Polychlorinated dioxins 
 

PCF  Polychlorinated furans 
 

PCN Polychlorinated naphthalene’s 
 

Phase II Rules produced for the second portion of the NPDES Storm 
Water Program 
 

QUAL2E Enhanced Stream Water Quality Model 
 

SCS Soil Conservation Service – Now the NRCS 
 

SDWA Safe Drinking Water Act 
 

SLAMM Source Loading and Management Model 
 

STORM Storage, Treatment, Overflow, Runoff Model 
 

SWAP Source Water Assessment Program 
 

SWMM Storm Water Management Model 
 

SWMP Storm Water Management Program 
 

TC Total Coliform 
 

TCEQ Texas Commission on Environmental Quality (formerly 
TNRCC) 
 

 x



 

TMDL Total Maximum Daily Load 
 

TNRCC Texas Natural Resources Conservation Commission 
 

TPDES Texas Pollutant Discharge Elimination System 
 

WASP4 Water Quality Analysis Simulation Program 
 

WPCA Water Pollution Control Act 
 

WWTP Waste Water Treatment Plant 
 

 xi



 

 

CHAPTER I   

 

INTRODUCTION 

1.1  Water Quality As An Environmental Issue 

“Shouldn’t a gentle spring rain be a good thing?”   

While water covers approximately 70 percent of the earth’s surface, only about one 

percent of that water is available as fresh water for use by the human population.   One percent, 

however, represents enough water to meet most of the needs of the global population (Fetter 

1994).  Because of the variances in our hydrologic cycle, there are local, regional, and global 

problems with the distribution of water and the form and quantity in which it becomes available 

to the population.  Droughts and floods are extremes to which water users on the globe must 

adapt. 

Humans have tried to reduce their problems with fluctuating water supplies by 

establishing settlements in proximity to sources of fresh water.  Centers of human habitation 

have invariably expanded at the confluence of rivers, shores of fresh water lakes, and over high 

capacity aquifers.  The historic establishment of population centers adjacent to sources of fresh 

water has served to endanger this highly vulnerable natural resource.   

Sustainability of many of these water resources has been put in jeopardy.  Throughout 

history, people have consumed the readily available water, mined aquifers without regard for the 

volume or recharge mechanism, and polluted without serious regard for the consequences to the 
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source, availability or containment system associated with the source of their fresh water.  While 

it is true that water, along with aquatic flora and fauna, possesses an ability to assimilate some of 

the wastes generated by society, those capacities are limited.  As larger portions of society’s 

wastes become more industrialized, synthetic and anthropogenic in composition, the ability of 

natural assimilative processes to deal with these complicated wastes becomes more limited, and 

in many cases natural processes are incapable of dealing with the pollutant load (Colborn et al. 

1996).  Our rivers, oceans, lakes, streams, waters, and sediments have become depositories for 

highly toxic pollutants that are not biodegraded in an acceptable period of time. 

During the 1960’s and early 1970’s the nation began to realize that our water quality was 

being severely threatened by this pollution and if action was not taken quickly there would be 

serious impacts on our health, environment, and economy.  Writings by such authors as Rachel 

Carson, in her book Silent Spring or Ralph Nader’s Study Group’s report entitled Water 

Wasteland, helped to focus media attention, political resolve, and citizen concern on water 

pollution in the United States (Carson 1962) (Zwick et al. 1971).  Nader’s report concluded that 

pollution was so widespread, at that time, that less than ten percent of U.S. watersheds could be 

classified as unpolluted.  

 

1.2 Statement Of The Problem 

 
For many years, the effort given by governmental bodies to cleaning up our nation’s 

waters has been directed toward industrial polluters and large municipalities.  Despite the 

growing concern of these government agencies, degraded waterbodies still exist.  According to 

the 1996 National Water Quality Inventory approximately 40 percent of surveyed U.S. 

waterbodies are still impaired by pollutants of many types and do not meet water quality 
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standards (USEPA 2000b).  Realization that this concerted effort was not fully accomplishing 

the intended task caused both federal and state regulatory agencies to search for additional 

solutions to this problem.  Urban storm water runoff has long been identified as a major 

contributor to the pollution of our streams and rivers.  In order to correct this problem, smaller 

municipalities have now been tasked with taking a more proactive role in cleaning up their urban 

runoff and lessening their impact on the nation’s waters. 

Municipalities with a population below 100,000 usually have smaller operating budgets 

and fewer staff members.  In order to comply with the National Pollutant Discharge Elimination 

System (NPDES) Phase II rules these municipal staff members are going to have to accept more 

environmental responsibility while establishing programs which comply with the NPDES 

mandated Minimum Control Measures (MCM).  Many of these municipalities will not be in a 

position to hire additional staff members to assume these responsibilities.  Establishment of an 

Illicit Discharge Detection and Elimination Program and the development of a watershed 

approach to urban storm water monitoring is the problem directly addressed in this dissertation. 

Other water quality programs are beginning to hold small municipalities responsible for 

the receiving waters flowing through their municipal jurisdiction.  A program of regular 

monitoring and analysis will help identify problem areas more persistent than dry-weather flows 

and will allow municipal staff members to take an active part in developing and evaluating best 

management practices (BMPs) to remove pollutants from their storm water runoff. 
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1.3   Objectives Of This Research 

 
This research concentrated on storm water monitoring for small municipalities and had 

the following goals: 

a) To produce a “Users Guide” that will assist the small municipal staff in 

establishing an illicit connection identification and control program for 

sampling, analyzing, recording and interpreting the results of their efforts in 

complying with NPDES Phase II requirements; 

b) To develop a methodology for the accurate analysis of water flows from dry-

weather, ambient waters and urban storm water sampling; and 

c) To identify the sources of error and common limitations associated with these 

methodologies and to provide suggestions on how to reduce or overcome these 

limitations. 

d) To evaluate and correct the Users Guide through multiple applications in 

various locations and environments. 

 

1.4   Organization Of The Dissertation 

 
This dissertation consists of five Chapters, the first of which is this Introduction.  The 

purpose of this chapter is to introduce the reader to the evolutionary process of storm water 

legislation and to lay the foundation for the monitoring and subsequent evaluation of the various 

types of runoff within the watershed of the small municipality.   
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Chapter 2:  Literature Review summarizes the literature regarding monitoring 

techniques, especially as that monitoring applies to the nonpoint source pollution problem.  A 

variety of monitoring capabilities are described from the literature, as well as the monitoring 

requirements of several water resources programs.   

Chapter 3:  A Storm Water System Monitoring Manual for the Small Municipality 

explains the process of deciding where, when and how to obtain samples for analyses and shows 

several alternative ways to efficiently perform an analysis of the collected samples.  In addition, 

suggestions for recording and analyzing the results of this sampling are made. 

Chapter 4:  An Analysis of Three Watersheds Within Denton County, Texas presents a 

step-by-step description of the application of the procedures described in Chapter 3 and gives the 

results and interpretation of this analysis.  The focus of this chapter is toward the meaning and 

application for the “small municipality”.   

Chapter 5:  Conclusions and Recommendations summarizes the main points that have 

been determined during this research effort and suggests related future research topics.  

Considerations of other areas for monitoring and analysis, such as sediments and bioassays, are 

discussed. 

This research should provide assistance to environmental staff of small municipalities as 

they try to cope with the NPDES Phase II requirements and the expanding Total Maximum Daily 

Load (TMDL) program.  It is fully understood that there will be many analytical tests that cannot 

be performed by municipal staff personnel using the basic equipment outlined herein and this 

research is not attempting to take the place of in-depth technical analysis for pesticides or other 

anthropogenic chemicals that have become a part of our daily lives.  This research presents an 

attempt to familiarize the municipal staff with techniques in collecting, protecting and analyzing 

 5



 

the results of laboratory tests as well as conducting rapid biological and chemical assessments of 

both base flow and storm water runoff for the most common pollutants.  Given the responsibility 

for developing and evaluating the impact of a series of BMPs under Phase II of the NPDES, the 

ability to properly assess the health of streams with which municipalities have been entrusted is 

an essential first step in the eventual determination of the effectiveness of their Storm Water 

Management Program. 

 

1.5   Water Quality Legislation 

 
There have been several important pieces of legislation passed in the U.S. that attempted 

to gain control over some of the more obvious sources of pollution in our larger waters.  In 1899, 

the Rivers and Harbors Act was established in an initial effort to control pollution on the larger 

rivers.  Although this legislation was a first attempt at controlling pollution being dumped into 

our water resources it had little impact because of the ease with which polluters could obtain 

permits for dumping waste products in the available water bodies (Davis and Cornwell 1991).  

While this Act was basically unsuccessful in stopping much of the pollution being placed in 

major rivers and harbors, it is still used as the basis for control of dredging and alterations to 

“waters of the U.S.,” by the U.S. Army Corps of Engineers. 

Only minor attempts were made at legislating control over polluters and pollution until 

1948 when the Water Pollution Control Act (WPCA) was enacted (P.L. 80-845).  The WPCA 

employed ambient water quality standards in specifying the acceptable levels of pollution in a 

state’s waters.  This approach allowed a “tolerable” amount of pollution in the water rather than 

stressing the prevention of the pollution.  Other problems with the WPCA included awkwardly 
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shared state and federal responsibilities for establishing the water quality standards and 

ineffective enforcement procedures.   

For the first time, federal funds for state water pollution control programs, as well as 

subsidies for the construction of new municipal sewage treatment plants, were supplied by the 

WPCA.  Further amended in 1956 (P.L. 84-660) the WPCA became known as the Federal Water 

Pollution Control Act (FWPCA), with increasing commitments in subsidies for the construction 

of new municipal wastewater treatment plants.   

By 1972 it had become evident that significant amendments were needed to correct 

problems with the FWPCA.  Sponsored by Senator Edwin Muskie, Congress passed what 

eventually become known as the Clean Water Act (P.L. 92-500) (CWA) over the veto of 

President Nixon.  These amendments to the FWPCA directed that the nation’s waters were no 

longer to be used as dumping grounds for pollution.  At this point, the amended FWPCA had the 

primary objective of restoring and maintaining the integrity of the nation’s waters.  This 

objective translated into two fundamental national goals:  a)  elimination of the discharge of 

pollutants into the nation’s waters, and b)  achieving water quality levels that were both fishable 

and swimmable (USEPA 1993c). 

Amendments to the FWPCA added Section 402 and introduced the National Pollutant 

Discharge Elimination System (USEPA 1990).  With these amendments, the NPDES program 

was established as the fundamental regulatory mechanism of the FWPCA.  Program 

requirements directed that anyone discharging a pollutant from a point source into waters of the 

United States must obtain an NPDES permit.  A point source is defined as a single, identifiable 

source of pollution such as a discharge from a municipal or industrial wastewater treatment 

plant.  Initial focus of the NPDES was on municipal and industrial wastewater.  Currently, 
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permits specify effluent limits, monitoring requirements and enforcement mechanisms (USEPA 

1999).  Controlling point sources of pollution has had a significant improvement on water 

quality throughout the United States.   

In 1977, the FWPCA officially became known as the Clean Water Act.  The CWA 

continues to place increased accountability for protection of water quality on dischargers of 

pollutants.  In addition, the CWA required the use of the best available treatment economically 

available for dealing with toxic substances. 

With the enactment of the CWA, Congress recognized the comprehensive nature of 

pollution problems and sought to focus the attention of the Environmental Protection Agency 

(EPA) and individual states on comprehensive water quality planning.  Increased emphasis on 

planning worked to focus the need for local management to use a watershed-based approach to 

the problem (CWA Section 208) (Addler et al. 1993).  The CWA listed 65 waterborne 

substances used to define the term “toxic”.  This list has continued to grow and is now known as 

“The List of Priority Pollutants” (USEPA 1998b). 

Amendments of the CWA have focused on establishing effluent limitations on point 

sources, or “any discernible, confined and discrete conveyance…from pollutants that may be 

discharged” (USEPA 1993c).  Amendments also required the states to survey their waters and 

determine an appropriate use for each, then to set specific water quality criteria for various 

pollutants to protect those uses (USEPA 1995b).   
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1.6   Nonpoint Source Pollution 

 

Congress recognized that much of the country’s water pollution comes from diffuse, 

nonpoint sources.  Nonpoint source pollution can be defined as “…any pollution of ground or 

surface waters associated with diffuse land-use activities that cumulatively result in water quality 

degradation” (Tripp 1985).  Nonpoint sources of pollution are often difficult to identify and 

quantify.  Sources for this type of pollution may come from atmospheric fallout, surface runoff 

that immediately follows rainfall, low-flow longer-duration groundwater infiltration, as well as 

residual chemicals and sediments that release pollutants to the water column over longer periods 

of time (Wanielista and Yousef 1992).  Damaging effects of long-term and time variable sources 

may be of greater magnitude than the short-term surface runoff events.  However, surface runoff 

may carry with it chemicals that cause long-term effects (USGS 2001).   

Nonpoint sources are largely unregulated and have not been evaluated in the same 

vigorous technical manner as point sources of pollution.  Both surface and ground waters are 

impacted by nonpoint source pollution.  Contaminated storm water can cause impairment to the 

beneficial uses of receiving surface waters while pollutants carried by water percolating through 

the soil can contaminate groundwater.  Studies such as the “National Water Quality Inventory, 

1988 Report to Congress” have concluded that diffuse sources (including nonpoint sources and 

storm water dischargers) are cited as causing about two-thirds of the nation’s water quality 

impairment (USEPA 1988).  About one-half of the water quality impairment associated with 

diffuse sources is caused by pollutant sources that can be addressed by the NPDES storm water 

program (Cook 1995). 
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Water pollution problems from nonpoint sources are less obvious than those from point 

sources and are not usually controlled through traditional treatment strategies.  Variability of 

rainfall events, landscape complexity and geologic strata lead to nonpoint source pollution 

phenomena that are highly divergent and intricate.  Lack of a single identifiable source of 

pollution makes it difficult to establish a specific cause-and-effect relationship.  Familiar, and 

often necessary, activities lead to nonpoint source pollution.  These activities include such 

actions as fertilizing crops, driving and maintaining cars, or treating lawns for insect pests.  

Potential adverse consequences of these activities are difficult to appreciate. 

EPA cites agriculture as by far the leading source of nonpoint source pollution in the U.S.  

Not only is agriculture a major contributor of nonpoint source pollution components, the effects 

of agricultural activities are themselves widespread.  According to EPA, agricultural impacts 

impair 60 percent of all river kilometers in the nation (USEPA 1993c).  Analysis of assessment 

data collected by various Texas river authorities under the Clean Rivers Program also reveals 

that nonpoint source pollution from agriculture is a major water quality concern (TNRCC 1999).   

The Texas Commission on Environmental Quality (TCEQ), formerly known as the Texas 

Natural Resource Conservation Commission (TNRCC), has identified 32 categories and 

subcategories of nonpoint source pollution which may be contributing to surface water quality 

problems and concerns throughout the state (TNRCC 1999).  Of the 32 categories, eleven are 

agricultural or silvicultural in origin.  Other categories of nonpoint sources of pollution include 

mining, urban growth, construction projects, storm sewers and combined sewer overflows 

(Davies 1995). 

Impacts associated with urban runoff nonpoint pollution are not to be downgraded by any 

emphasis on agriculture.  Runoff from urban areas is the second leading cause of nonpoint 
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source pollution in the U.S. (USEPA 1994).  In Connecticut, Main, Rhode Island and Texas, 

urban runoff is rated as the major source of nonpoint pollution (USEPA 1993b).  Years of study 

reveal that the vast majority of storm water toxicants and much of the conventional pollutants are 

associated with automobile use and maintenance activities (Horner et al. 1994).  Studies indicate 

pollutants are strongly associated with particulates suspended in the runoff from urban sources.  

Major types of pollutants found in urban runoff are more varied than from agricultural areas and 

include the general categories of suspended solids, nutrients, oxygen demanding substances, 

pathogens, road salts, hydrocarbons, heavy metals, and other toxins (USEPA 1993a) (Clausen 

and Spooner 1993).  Most of the organic compounds found in urban storm water are associated 

with various human-related activities, especially automobile and pesticide use.  Heavy metals 

found in urban runoff typically originate from automobile use activities, including gasoline 

combustion, brake lining, fluids, undercoating and tire wear (Pitt 2000).  Effectiveness of most 

storm water pollution control practices is dependent on the ability to remove these particles from 

water or from intermediate accumulating locations and not through source reduction.  Excellent 

summaries of urban storm water BMPs can be found in Schueler (1987, 1989 and 1992) and 

USEPA reports on urban pollution (USEPA 1993a, USEPA 1993b, USEPA 2000a). 

 

1.7   Nonpoint Source Pollution Legislation 

 
Despite significant advances in the reduction of point source pollutants and identification 

of potential source categories of nonpoint source pollutants, the perception of major pollution 

issues was limited for decades by an attitude that has been identified as a “kind of point source 

tunnel vision” (Addler et al. 1993).  In 1972, the ratio of point source to nonpoint source funding 
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was 15:1; in 1987 it was 43:1; and if priorities remain constant Addler predicted that by 2010 

this ratio would be 59:1. 

Section 319 (Nonpoint Source Prevention and Control Program) of the CWA was 

established to identify waters polluted by storm water runoff and to develop programs to address 

those problems.  With the 1987 reauthorization of the CWA, Congress acted to strengthen the act 

by adopting new programs to address runoff from farms, factories, and city streets.  Section 

402(p) was added to the CWA, which required EPA to develop a comprehensive two-phase 

program to regulate storm water discharges under the NPDES program.  NPDES Phase I rules 

were issued in November 1990 and addressed storm water discharges from medium and large 

municipal separate storm sewer systems (MS4s), as well as storm water discharges associated 

with industrial activities (USEPA 1990). 

Phase II rules were signed by the EPA Administrator on December 15, 1997 and the final 

version of the rules were published in the Federal Register on December 8, 1999 (USEPA 1999).  

Phase II affects smaller communities and establishes the requirement for a program of BMPs 

designed to allow these communities to control their impact on storm water runoff and the 

impact of this runoff on receiving waters.  “Smaller communities” is defined as those 

communities with a population between 10,000 and 100,000 people (USEPA 1999).  Table 1 

lists the major differences between the Phase I and Phase II programs. 

The objectives of the Phase II regulations include providing a comprehensive storm water 

program that designates and controls additional sources of storm water discharges in an effort to 

protect water quality.  In addition, Phase II addresses discharges of storm water activities not 

addressed by the Phase I program.  Within the Phase II rules, emphasis was again placed on 

 12



 

promoting watershed planning as a framework for implementing water quality programs 

(USEPA 1999). 

Table 1-1   Differences Between Phase I and Phase II NPDES Storm Water Programs 

 Phase I Phase II 
Who is Covered -   Large MS4s (250,000 in 

population or more) 
-   Small MS4s (less than 100,000 and 
located in an urbanized area) 
 

 -   Medium MS4s (250,000 to 
100,000) 

-   Over 10,000 population or a 
population density of 1,000 per square 
mile 
 

 -   As designated by the 
permitting authority 

-   As designated by the permitting 
authority 
 

 -   Construction activities 
disturbing five or more acres 

-   Construction activities disturbing 
between one and five acres 
 

 -   Industries (specified by SIC 
code) 

-   Industrial sources designated by 
Phase I and the permitting authority 
 

 -   Permitted exemptions to 
institutional and municipally 
owned maintenance facilities 

-   Institutional and municipally 
owned and operated industrial 
facilities previously exempt now 
covered 
 

Monitoring -   Mandatory ongoing 
monitoring required of medium 
and large MS4s 

-   Dry-weather flow monitoring plus 
permitting authority requirements.  
Illicit discharge identification and 
control 
 

Application 
Requirements 

-   Very specific, detailed 
application requirements 

-   Streamlined application 
requirements 
 

  -   General permits are encouraged 
and expected 
 

Program 
Requirements 

-   Specific activities required -   More broad – municipalities can 
develop their own BMPs 
 

 -   Municipalities must address 
commercial and industrial 
dischargers in the community 
 

-   Municipalities do not necessarily 
have to address industrial dischargers. 

(APWA 2000, TNRCC 2001, USEPA 1999, USEPA 2000b) 

 

 13



 

1.8   Other Storm Water Management Programs  

 
In order to address some of the pollution impacts from agricultural activities, the Food 

Security Act of 1985 (P.L. 99-198) was passed.  Administered by the Soil Conservation Service 

(SCS), Title XII of the Act requires that farm operators develop conservation plans for their 

highly erodible lands.  Highly erodible lands are defined as “fields on which potential soil loss 

exceeds eight times the level of tolerable soil loss.”  Conservation plans were developed and 

implemented.  Farm operators who do not comply with the law face loss of price supports for 

certain crops (Congress 1985).  As described earlier, runoff from agricultural activities is a major 

contributor of nonpoint source pollution. 

Section 104 of the CWA requires the establishment of national programs for the 

prevention, reduction and elimination of pollution and provides funds for activities in targeted 

watersheds.  Section 104 places increased emphasis on the use of a watershed view in 

establishing pollution reduction programs.  Section 104 also provides funding for wetlands 

protection and helps to fund and establish state wetlands programs.   

Reauthorization amendments to the Coastal Zone Management Act (CZMA) added a 

section that specifically addresses the need to restore and protect coastal waters from nonpoint 

source pollution.  States with existing coastal zone management programs are required to 

establish nonpoint source programs in coastal areas.  These 1990 amendments required the 

implementation of certain best management practices and established some minimum 

performance levels for those BMPs (Congress 1990).   

The Total Maximum Daily Load (TMDL) Program was established under Section 303(d) 

of the CWA.  A TMDL is defined as the total amount of a pollutant a water body can assimilate 

and still meet state water quality standards.  States are required to identify and list water bodies 
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and segments of water bodies that do not meet applicable water quality standards for their 

designated uses (Title 40 Code of Federal Regulations (CFR) § 130.7).  States are also required 

to prioritize all 303(d) listed water bodies for TMDL project initiation and submit their list to 

EPA for approval.  Federal regulations require states to complete a TMDL Program Evaluation 

for each identified water body as well as each pollutant listed for that segment on the approved 

303(d) list.  For each TMDL a Watershed Action Plan must be developed directing the 

management steps needed in restoring the water quality.  Actions in a TMDL project include 

such efforts as:  a) establishing a loading allocation;  b) selecting control actions and 

management measures;  c)  ensuring public participation;  d)  conducting water quality 

monitoring and providing quality assurance;  and e)  utilizing water quality models as both 

diagnostic and predictive tools (Masterson 2002, TNRCC 2000, USEPA 1991, USEPA 1995a, 

USEPA 1998a). 

 

1.9   Monitoring Requirements 

 
The requirement to monitor pollutant levels in both normal flows and storm water runoff 

has long been a part of the evolution of water quality legislation.  One of the first concerted 

efforts in monitoring storm water runoff was the Nationwide Urban Runoff Program (NURP).  

EPA initiated the NURP in 1978 in an effort to provide a significant and reliable data source for 

assessing the existing condition of urban runoff.  Beside EPA, many other federal, state, 

regional, and local agencies were involved in this NURP effort (USEPA 1983).   

During the NURP data collection period, between 1978 and 1983, storm waters were 

monitored with the objective of quantifying the characteristics of urban runoff and assessing the 

impacts this type of runoff has on the water quality of the receiving waters.  In addition, 
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consideration was given to the effectiveness of the control practices used in removing pollutants 

from urban runoff.  Across the U.S. an average of 28 rainfall events were monitored in 28 

metropolitan areas.  A set number of pollutants were selected for analysis in each storm event 

but a limited number of storms were also analyzed for additional priority pollutants.  From the 

analytical results, the Event Mean Concentration (EMC) for each of the constituents was 

determined for runoff from residential, commercial, mixed residential and commercial, and 

open/non-urban land uses.  The EMC is defined as the total constituent mass divided by the total 

runoff volume.  (TNRCC 1998).  Among the study’s main conclusions was the discovery that 

concentrations of pollutants did not vary significantly in runoff among differing types of land 

use, such as residential versus commercial but that there were significant differences between 

agricultural and urban land uses.  Open or non-urban areas had lower concentrations in several 

categories of pollutants than urban areas (USEPA 1993b). 

Some of the other monitoring programs attempting to collect data and assess the health of 

our nation’s waters include:  the National Stream Survey, the U.S. Fish and Wildlife Service’s 

National Wetland Inventory, the National Surface Water Survey, the U.S. Geological Survey’s 

National Water Quality Assessment Program, and the National Water Quality Inventory (Rankin 

1994).  Coupled with state and regional entities, there are many permanent monitoring programs 

that collect and store data for eventual use by managers and decision makers at all levels of local, 

regional, state and federal government.   

EPA initiated a long range survey and data collection effort by creating the 

Environmental Monitoring and Assessment Program (EMAP).  EMAP is a research program to 

develop the tools necessary to monitor and assess the status and trends of national ecological 

resources.  EMAP objectives are to advance the science of ecological monitoring and ecological 
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risk assessment, guide national monitoring with improved scientific understanding of ecosystem 

integrity and dynamics, and demonstrate the framework developed by the Committee on 

Environment and National Resources (CENR) through large regional projects (Larsen 1994, 

USEPA 2002).   

Lists of both chemical and biological monitoring efforts are extensive.  An underlying 

presumption behind these monitoring programs is that with a knowledge of the chemical 

composition of the pollutants found in the water source, improvements can be made that would 

enhance water quality and thereby restore the biological integrity of the nation’s streams and 

lakes.  Restoration requires management action.  Management action, whether at the local, state 

or federal level, requires knowledge of existing conditions.  Collection of accurate and timely 

data, specific to the decision maker in a small municipality, at their level of reference and 

applicable to their problem, is the main focus of this dissertation. 
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CHAPTER 2 

LITERATURE REVIEW 

 
Chapter two provides a review of literature relevant to this research.  Contained in the 

first section is a review of some of the current thinking on the needs of, and methods for storm 

water monitoring.  Section two is a review of the monitoring requirements of several water 

quality programs.     

Runoff, as defined by the Texas Commission on Environmental Quality (TCEQ) is that 

portion of rainfall, melted snow or irrigation water that flows across the ground surface and 

eventually is returned to streams.  Runoff can pick up pollutants from the air or the land and 

carry them to receiving water.  Inclusion of “irrigation water” in this definition is in direct 

reference to both lawn watering and crop irrigation practices.  TCEQ also defines “urban runoff” 

as storm water from city streets and gutters that usually contains a great deal of litter, organic 

and bacterial waste (TNRCC 1998).   

 

2.1 Current Thinking On Needs And Methods For Monitoring Storm Runoff 

 
The primary objective of any storm water monitoring program is for managers and citizens to be 

able to make informed decisions in the interest of health, safety, ecosystem protection and 

regulatory compliance.  If contaminants are found in sufficient levels of concentration to cause 

negative impacts, measures can be taken to lessen these impacts.   

It has generally been found that water source management provides substantial economic 

benefits in comparison to traditional reliance on new and improved treatment systems 
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(Makepeace et al. 1995).  Water quality is not solely determined by measuring isolated events in 

a stream.  Water quality is shaped by a series of complex and dynamic processes controlled by 

natural features, land-management practices and management decisions that make some 

watersheds more vulnerable to contamination than others (Hamilton 2000).  When determining 

water quality a much wider cause and effect approach is generally needed (Cairns 1967  

Azevedo, 2000).  As with many types of systems impacted by environmental pollutants, it has 

generally been found that water source management provides significant economic benefits over 

a traditional reliance on building bigger and better treatment systems (Makepeace et al. 1995). 

Realistically, undiluted storm water runoff is not usually used as a source of raw drinking 

water.  The actual impact of environmental pollutants on the drinking water quality will be 

determined by the community water treatment facility.  This is a capability that is not usually 

passed to the biotic life in a receiving stream.  Therefore, environmental pollutants will have 

both an initial and unimpeded impact on the biotic environment of the receiving waters. 

2.1.1 Monitoring Criteria 

 
Over the last two decades water quality has gained progressively more attention, reaching 

its current status as one of the most studied subjects in the water resources field.  According to 

Azevedo, water quality characteristics of major concern include biochemical oxygen demand 

and its impact on total dissolved oxygen, total dissolved solids, specific chemical species (e.g. 

nitrogen and phosphorous), pathogenic organisms and their indicators, toxic elements such as 

heavy metals and radionuclides, temperature, pH and sediment load (Azevedo et al. 2000).  This 

list of water quality parameters is modified by other researchers in the field, depending on their 

research position or the requirements of the specific regulatory agency driving the monitoring 
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program.  The next section of this chapter contains a table comparing the monitoring 

requirements for several of the current water quality programs. 

Cairns stated it best in 1967 when he wrote concerning monitoring and assessment, “We 

need to understand both the quantity and the quality of the water we have, the living system of 

which it is a part, and what we must do to the water – or refrain from doing – if it is to continue 

to support us” (Cairns 1967).  Taking a somewhat different view are D’Elia and other 

researchers who have studied the USEPA recommended methods and various monitoring 

programs.  They inject a note of caution that “the greatest problem is that monitoring often 

becomes a goal in itself” (D'Elia et al. 1989).  However, without monitoring our environment, it 

will be very difficult to determine the health and vitality of the ecosystem.  Woodley made this 

point on ecological integrity as “A living system exhibits integrity if, when subjected to 

disturbance, it sustains an organizing, self-correcting capability to recover toward an end state 

that is normal and good for that system.” (Woodley et al. 1993). 

Periodic sampling and analysis of our streams and rivers may also have its shortcomings.  

Nelson and Sorens, researchers at the University of Arkansas (Dessoff 2000), report that the 

current estimates for pollution loads in many of our rivers may be as low as 20 percent of actual 

because of the current sampling methods recommended by the Environmental Protection Agency 

(EPA) (Dessoff 2000).  For many types of monitoring programs, samples for determining 

pollution loads are being taken on a monthly basis, which rarely accounts for storm runoff.  

Since much of the agricultural and urban non-point load in a stream is transported during storms 

it appears that this load may be missed unless storm runoff waters are sampled.  In addition, 

Nelson and Sorens indicated that pollutant load determinations are very sensitive to the 

frequency of sampling during storm events.  The periodic sampling of storm water runoff under 
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the National Pollution Discharge Elimination System (NPDES) Phase I permitting program is 

required, but storm water runoff sampling is not required during preparation of Total Maximum 

Daily Load (TMDL) calculations unless it is determined that the primary reason for the failure 

under state water analysis lies within the storm runoff category. 

2.1.2   Automated Versus Manual Sampling 

 
Both automated and manual samplings are important parts of a monitoring system.  

Neither can supply exactly what the other can without pushing the limits of the type of collector.  

Manual sampling may be as simple as a person with a bucket and a rope that collects a sample of 

the runoff in order to perform an analysis of that particular storm runoff at that particular point in 

time.  If only one sample is taken at that location, that sample is usually considered to be a grab 

sample.  Manual sampling allows the sampler to pick the exact portion of the flow to be sampled.  

Selection of an exact portion of a flow becomes important when trying to identify a specific 

characteristic of a storm water runoff flow, such as an oil sheen or a temperature variation.  The 

obvious drawback to manual collection is that the collector is exposed to the elements during 

periods of what may be intense storm activity. 

Automated samplers can also perform grab samples, but are usually used for the 

collection of flow-weighted samples.  An automated sampler collects representative samples 

from the flow stream.  An automated sampler system usually is composed of a controller, pump 

and one or more sample containers.  Samples can be collected with a fixed time interval between 

each sample or after a set volume of storm water has passed.  Particular requirements of the 

monitoring program would determine the necessity of the sequencing of the collection effort 

(ISCO 1994). 
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2.1.3   Dissolved Oxygen, Biochemical Oxygen Demand And Chemical Oxygen Demand 

 

Dissolved oxygen is the amount of free oxygen in the water.  Dissolved oxygen (DO) is 

one of the most widely studied water quality constituents.  Considerable effort has been 

expended on determining its sources and sinks, kinetics and its behavior in natural systems.  

Characteristically, DO is the level of oxygen held in solution in water, which is then available to 

fish and other aquatic organisms and for the prevention of odors.  Usually this oxygen level is 

measured in milligrams per liter or expressed as a percentage of the saturation value for a given 

water temperature and atmospheric pressure.  Storm water runoff is usually saturated with 

oxygen as it has not had time to be impacted by the pollutants that it may be carrying.  In 

general, oxygen levels have a tendency to decline as the impact of pollution increases (TNRCC 

1998).  However, it is highly possible for waters saturated with DO to carry potent toxic 

pollutants.  Dissolved Oxygen in storm water can have a range of concentrations from 0.0 to 14.0 

mg/l (Makepeace et al. 1995).   

Dissolved oxygen tends to fluctuate greatly on a daily basis, in dry weather flow.  During 

a storm event, the minimum DO concentration tends to drop slightly below the dry weather flow 

minimum value (Keefer et al. 1979).  The main sources of DO deficiency are the decomposition 

of organic materials and the oxidation of some inorganic compounds (Makepeace et al. 1995). 

The Streeter-Phelps Dissolved Oxygen Sag Model is a mathematical model for initial 

evaluation of the oxygen depletion associated with the placement of a pollutant into a river or 

stream.  Streeter-Phelps is the classic mathematical model for this phenomenon and has been 

studied, discussed, evaluated and modified since its introduction in 1925 (Streeter and Phelps 

1925).  The impact of storage zones, sometimes called “dead zones” on pollutant transport in 
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streams and rivers has been investigated extensively over the past 30 years.  These zones include 

eddies, side pools and stagnant areas behind flow obstructions.  Several researchers indicate that 

these are very important areas when dealing with oxygen recovery and increasing pollutant 

decomposition rates (Chapra 1997, Chapra and Runkel 1999, Youndus et al. 2000).  These areas 

become important factors when evaluating the in-stream habitat during a biological assessment 

of a stream reach or when attempting to model the DO of a particular stream (Lung and Sobeck 

1999).  While considering the source and sinks of DO in natural systems and evaluating the load 

of oxygen demanding constituents, it is important to realize that the demand on DO that is least 

known is sediment oxygen demand (Armstrong 2002). 

Biochemical oxygen demand (BOD) is the quantity of oxygen utilized primarily in the 

biochemical oxidation of organic matter in a specified time and at a specified temperature.  It is a 

measure of the amount of oxygen consumed in the biological processes that break down organic 

matter in water.  Large amounts of organic waste use up large amounts of dissolved oxygen, thus 

the greater the degree of organic pollution the greater the BOD (Vesilind et al. 1993).  For 

historic, as well as practical reasons, BOD tests usually run for five days in duration.  This is 

indicated with an annotation of BOD5.  BOD5  has a range in storm water of 1.0 to over 7500 

mg/l (Makepeace et al. 1995).  Storm water can routinely approach weak, untreated wastewater 

with respect to BOD5 (Athayde et al. 1983). 

Chemical oxygen demand (COD) is another of the standard tests for the amount of 

oxygen required to oxidize organic and oxidizable inorganic compounds in water.  The COD of a 

sample will generally be greater than the BOD5 because more compounds can be oxidized 

chemically than can be oxidized biologically (Davis and Cornwell 1991).  COD tests are 

performed in approximately a two hour timeframe so COD does not carry a duration indicator.  
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COD has been found in several studies to have a range in storm water of from 7.0 to 2200 mg/l 

(Makepeace et al. 1995). 

2.1.4   Soils And Land Use 

 

Soil information, including land use, is purported by Bartsch and Kues (1997) to be the 

pivotal criteria for any monitoring program.  These researchers supported this opinion while 

presenting their analysis of the monitoring requirements of a “Municipal Environmental 

Information System.”  Since sediment load is described by the EPA as the largest storm water 

pollutant, the arguments of Bartsch and Kues provide good reason to consider both the soil and 

land use within the watershed (Bartsch et al. 1997, USEPA 1998b) when conducting a river 

study and the initiation of a monitoring program.  Trends from the U.S. Geological Survey’s 

National Water Quality Assessment (NAWQA) program show that natural features such as 

topography, geology, soil type, hydrology and climate make some areas more vulnerable to 

storm runoff contamination than others (Hamilton 2000). 

Sediment runoff from agricultural land use has been shown to be the result of a 

combination of factors that link to external stimuli such as:  a) federal, state, and global policy 

and markets, b) landowner decisions on land use, c) spatial patterns of land use at a watershed 

scale, and d) hydrologic impacts.  The impact of crop prices and landowner decisions to place 

land in production are considered key contributors to the resulting land use patterns and their 

effect on sediment loads (Lant et al. 2001).  There is an inherent need to control erosion and thus 

the sediment source material.   

Within the United States, trends in erosion control and sedimentation in urbanized areas 

have been documented by Mertes.  Specific erosion control measures for employment at 
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construction sites have also been evaluated by Scheuler, Horner, Knowen and Barrett (Mertes 

1989) (Schueler 1987) (Horner et al. 1990) (Knowen 1990) (Barrett et al. 1995a).  As reported 

by Kaufman, these researchers agreed that scientific approaches to erosion control during 

construction must account for climatic tendencies and the inherent capabilities of the landscape, 

as well as the natural tendencies of the soil (Kaufman 2000).  The basic lack of data about soil, 

topography and hydrology at construction sites frequently result in the incorrect application of 

the best management practices needed to control erosion (Barrett et al. 1998).  As shown in 

Table 1-1, construction site size is addressed in both Phases of the NPDES permit program for 

storm water runoff. 

2.1.5   Sediment 

 

“Sediment is widely considered the principal pollutant in our water systems, a point 

explicitly recognized in both the Clean Water Act and the Food Security Act of 1985.” 

(Kaufman 2000)  Urbanization can have many direct impacts on aquatic ecosystems as streams 

broaden or deepen to accommodate larger, more frequent, or longer duration flows of water 

(Bledsoe 2001).  Channel erosion due to urbanization can become the predominant source of 

excess sediment to downstream users (Trimble 1993, Trimble 1997a, Trimble 1997b) and result 

in biological degradation (Waters 1995).  Over the past decade a concerted effort has been made 

to incorporate sediment testing into basic monitoring programs.  Sediment is both the source and 

sink for many types of metals and organic chemicals.  Most chemicals of an anthropogenic 

origin tend to attach or sorb to sediment particles, as well as organic materials in the sediments 

(Burton and MacPherson 1995).  EPA has developed a series of testing procedures that use 

organisms as well as chemical analysis to indicate toxicity in sediment samples (USEPA 2000a).  
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In Texas, researchers from the Texas Water Research Institute conducted two sets of 

experiments on the Lower Guadelupe and San Antonio Rivers.  These researchers confirmed the 

conventional wisdom that the large majority of the suspended sediment is carried by the 

infrequent large flows experienced during storm runoff (Holley 1992).   

This research further supported the position that the sink for many heavy metals and organic 

pollutants is re-suspended on a periodic basis during storm events.  

Because sediment can be a stored pollutant, it presents environmental managers with 

different issues than does storm water runoff.  Dissolved contaminants in storm water are 

transported rapidly down stream and generally are diluted as they enter larger bodies of water.  

In depositional environments with a long resident time, the accumulations of contaminated 

sediments can constitute an environmental hazard at the site of deposition or can represent a 

future threat to aquatic environments if abruptly released into storm water flow paths by human 

activities such as dredging or construction or by natural causes such as storm surges.  In 

addition, by monitoring pollutants in sediments, it is possible to evaluate pollution control 

measures.  Several research programs have been initiated to that end (Parker et al. 2000, 

Schueler and Lugbill 1989).  Parker and Fossum tested samples from within stream beds in 

Arizona while Metre and Callender used a receiving lake for core samples to determine if control 

programs within the Trinity River basin in central Texas were performing as intended (Metre and 

Callender 1996).  Reservoirs significantly alter the hydrologic regime of rivers and pollutant 

problems may be exacerbated.  Organic materials generated in and flowing into reservoirs may 

cause problems as the DO load allocations to solve these organic problems may be assigned to 

the reservoir itself because of the alterations in the natural system of the river and the demands 

of the reservoir (Armstrong 2002). 
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2.1.6   Metals 

 

Biksey and Bernhardt point out that the total amount of a metal is not as important as the 

bio-available portion in the water column.  The primary mechanism for water column toxicity is 

adsorption and/or absorption at the gill surface, which requires metals to be dissolved (Biksey 

and Bernhardt 2000).  An EPA memorandum, supporting this research, states that the use of 

dissolved metals to “set and measure compliance with water quality standards” is the 

recommended approach because dissolved metal more closely approximates the bio-available 

fraction of metal in the water column than does total recoverable metal (USEPA 1998c).   

A number of potentially hazardous metals are routinely being considered in most 

monitoring programs.  Table 2-2 contains those metals determined to be important by several 

state and federal monitoring programs.  In most monitoring programs, metals in sediments are 

monitored and reported separately from metals available in the water column (TNRCC 1999a, 

USEPA 1998b).  During storm events the metals found in the sediments may become dislodged, 

along with streambed materials, and rejoin the water column until flows subside to the point that 

metals bearing sediment can settle to the stream bed. 

2.1.7   Models 

 

Storm water models come in a variety of sizes and types.  Models differ greatly in their 

required input and the output they provide.  Historically, one of the first models of storm water 

runoff dealt with a method of estimating the volume of runoff, and was called the storm 

hydrograph (Fetter 1994) or unit hydrograph (Chow et al. 1988).  A storm hydrograph is defined 

as the discharge of a stream not only during the duration of the storm, but over the time period 
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when, in addition to direct precipitation there is overland flow, interflow and return flow adding 

to the baseline flow of the stream.  Storm hydrographs will peak owing to the addition of these 

flow elements (Fetter 1994).   

Studies of agricultural landuse versus urban landuse show that there is a significant 

difference in storm hydrographs based on landuse.  Urban runoff tends to peak earlier and runoff 

quicker while agricultural runoff tends to be more gradual in its rise, peak later and take longer 

to return to normal base flow (USEPA 1993a).   

Mathematical models can be used to determine such parameters as the DO sag associated 

with the input of an organic in a stream or river (Streeter and Phelps 1925), the development of 

preliminary screening amounts of annual average loading from an equation reported by Walesh, 

or a statistical method reported by Driscol and others that uses the event mean concentrations on 

a log-normal distribution to produce an average runoff flow rate for mean storm events.  This 

statistical model is currently used by the Federal Highway Administration at locations 

throughout the United States (Walesh 1989) (Woodward-Clyde 1990). 

The Revised Universal Soil Loss Equation is primarily applicable to agricultural landuse 

and is used to estimate the soil loss and sediment yield from a homogeneous plot of land.  It can 

be modified to yield sediment loading from this same agricultural plot but is not thought to be 

accurate when dealing with urban erosion or sediment loading (USEPA 1976) (Tsihrintzis and 

Hamid 1997) (USEPA 1993a). 

More specific models use site-specific information and pollutant data from sources such 

as the National Urban Runoff Program (NURP) studies for better estimations of runoff loads 

(Driver and Tasker 1990).  From this modest beginning, modeling evolved into the field of 

digital models used for estimating a wide range of parameters.  Models for urban runoff are 
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available from both government and state sources and have been modified and commercialized 

by other sources.  Just a few of these models are:  Storm Water Management Model (SWMM), 

Hydrological Simulation Program – Fortran (HSPF), Storage, Treatment, Overflow, Runoff 

Model (STORM) and Source Loading and Management Model (SLAMM).  Models such as 

these are used to address the accumulation of pollutants during dry weather periods and the 

wash-off of these pollutants during rainfall events (Tsihrintzis and Hamid 1997).    

Other models are used to determine the impact on the receiving waters that the stream or 

river under consideration is impacting.  These models assess existing conditions and simulate 

future conditions of a water resource under various pollution prevention and control scenarios.  

Used primarily to determine the impact of various BMPs, many of these models receive input 

from runoff and loading models or field measured parameters and provide predictions of the 

impact of runoff flows and loads.  Some of the more commonly used models of this type are 

Enhanced Stream Water Quality Model (QUAL2E), Water Quality Analysis Simulation Program 

(WASP4), Exposure Analysis Modeling System II (EXAM II) and Hydrological Simulation 

Program – Fortran (HSPF) (Lung 1987) (USEPA 1993a).   

Links between Geographical Information Systems (GIS) and hydrologic modeling have 

grown over the last decade.  Use of spatially distributed terrain parameters and digital terrain and 

elevation models, while coupled with pollutant loading information from runoff models, allows 

the researcher to view sub-sections of a watershed or review complete watersheds in great detail 

(Nix 1994) (Schoolmaster and Marr 1992).  Recently, there has been more of a trend to model 

the horizontal motion of both water and pollutants in non-homogenous landuse segments, within 

the GIS.  Taken in this context, the GIS is being used as a modeling tool and not just as a link 

between the heterogeneous terrain and an existing, lumped, non-GIS model (Olivera et al. 1996). 
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Additional models beneficial to the evaluation of storm water pollutants need neither GIS 

nor digital models.  Mathematical and statistical models are frequently developed to understand 

chemical reactions at the molecular or chemical reaction level (Mailhot and Peters 1988).  

Research on the ability of organic pollutants to sorb to soil has been conducted to determine if 

the sorption ability of organic pollutants can be obtained in the laboratory or if it must be 

determined from sampling within the environment.  Sabljic tested 160 polar and ionic 

compounds and determined that the 1-Octonol to water partitioning coefficients can be 

determined from a direct linear model that predicts soil sorption coefficients accurately and 

rapidly.  This type of non-empirical model is particularly useful in ranking potentially hazardous 

chemicals and for creating priority lists for testing (Sabljic 1987).   

Modeling at the molecular level becomes more important as other researchers have 

discovered that the biotransfer factors for organic chemicals in beef and milk are directly 

proportional to the 1-Octanol to water partitioning coefficients.  The bio-concentration factor 

(BCF) is defined as a chemical’s concentration in an organism or tissue divided by its 

concentration in water (for aquatic organisms) or in food for terrestrial organisms.  Research of  

this type by Travis and Arms provides a useful addition to the risk assessor’s techniques for 

predicting a chemical’s BCF in beef, milk, vegetation and fish.  Consequently, this research will 

be of value in more precisely quantifying human exposure to organics through the food chain 

(Travis and Arms 1988). 
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2.1.8   Data Availability 

 

Modeling and statistical analysis of flows and pollutant loading are only as good as the 

data used to produce the results of the model.  Sources for water resource data can be found at 

the local, state and federal level.  Table 2-1 outlines some of the more common sources of 

available data.  Table 2-1 was compiled, in part, from the EPA literature and is not meant to be 

an exhaustive review of all water resource data sources available. 

2.1.9   Nutrients 

 

Data from the National Water Quality Assessment Program (NAWQA) indicates that 

despite some extensive pollutant control efforts, total nitrogen concentrations have remained 

stable during the past 20 years in river waters downstream from wastewater treatment plants 

(WWTP) (Hamilton 2000).  Ammonia in the WWTP is converted to nitrate, which makes 

discharges less toxic to the fish and other organisms in the river, but may exacerbate excessive 

plant growth problems.   

This same NAWQA data indicated that concentrations of total phosphorus generally were 

higher in urban streams and it was not uncommon for phosphorus to exceed the EPA desired 

goal of 0.1 mg/L thought necessary to control excessive plant and algae growth. 
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Table 2-1:   Sources Of Water Resource And Hydrological Data 

Source Type of Information 
U.S. Environmental Protection Agency  
Clean Lakes Program Water quality and other diagnostic data for lakes 
National Estuaries Program Water Quality and other diagnostic and research data 

for 21 coastal embayments 
Mussel Watch Program Monitoring data for heavy metals and other toxins 
Ocean Data Evaluation System Pollution sources, effluent, water quality, biological 

and sediment pollution data 
Permit Compliance System (PCS) Point source data from NPDES monitoring programs 
STORET Data Flow and water quality data in receiving waters 
U.S. Geological Survey  
Water Resources Division Flow and water quality data collected at USGS 

stream flow gauging stations for rivers and streams. 
Water Quality Branch Receiving water flow and water quality data, point 

source data from NPDES monitoring programs 
U.S. Department of Commerce  
National Climatic Center Precipitation data and statistics from weather-

monitoring stations nationwide 
U.S. Food and Drug Administration  
Shellfish Sanitation Branch Reports including shoreline surveys for pollution 

sources and water data for total and fecal coliform 
U.S. Army Corps of Engineers  
Reservoir Water Quantity and quality data 
Dredging Permit Application Program Water and sediment quality data 
U.S. Department of Agriculture  
Soil Conservation Service Sediment data for specific structural controls 
National Oceanic and Atmospheric Administration  
Information Division Marine charts for coastal areas and tide tables 
Federal Emergency Management Agency  
Flood Plain Management 100-year flood plain elevations 
State Agencies  
Permit Compliance Point and storm water data from NPDES programs 
Clean Water Act Section 305(b) Water Quality Assessment Report on 

status of states’ waterways 
 Section 319 Nonpoint Source Assessment Report 
Other Agencies Water resources, pollution control, clean rivers and 

lakes, transportation, fisheries, environmental review, 
wetlands and coastal zone management 

Local  
Municipal Departments Potential sources for mapping, studies, wetlands, 

permits, water monitoring, sewage, construction, pre-
treatment requirements and environmental resources. 

(USEPA 1993a, USEPA 1998a) 

2.1.10   Pathogens 
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Storm water has been shown to be a possible major source of microbial pollution to 

receiving bodies of water.  Over the last thirty years, the Center for Disease Control (CDC), the 

EPA and the Council of State and Territorial Epidemiologists have jointly maintained a 

surveillance system documenting waterborne disease outbreaks in the U.S. and its territories.  

During this period there have been over 690 disease outbreaks due to consumption of water 

contaminated with either microbial pathogens or chemical pollutants (Moore 2002).  Infiltration 

and sediment are sources and reservoirs of microorganisms and pathogens (Davis and Hemain 

1977).  

For years, coliform bacteria have been used as standard indicators of water quality 

impacted by fecal pollution sources.  Coliform bacteria are normal inhabitants in the intestines 

and therefore common in humans and other warm blooded animals.  Key to their importance as 

indicator organisms is that they survive similarly to many other fecal pathogens in the 

environment.  It is reasonable to believe that the use of these microbial indicators has helped to 

dramatically reduce the incidence of water borne diseases (Vesilind et al. 1993).  However, 

storm water often has a high concentration of bacteria and micro-organisms of both human and 

non-human origin.  Fecal-based indicator species may not access the potential health risk of a 

raw water source (Makepeace et al. 1995).  Waterborne disease outbreaks are also associated 

with exposure through recreational waters.  CDC estimates that up to 900,000 individuals may 

contact water-associated diseases annually and of this number, as many as 900 deaths may occur 

(Moore 2002). 

Total coliform (TC) and fecal coliform (FC) tests are normally conducted to identify 

Escherichia coli, the organism that is used as in indicator for fecal contamination.  E. coli are all 

gram-negative, non-spore-forming bacteria capable of developing red colonies with metallic 
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sheen on m-Endo medium, or blue colonies on m-FC medium, respectively (Prescott et al. 1994).  

E. coli was proposed as an indicator of waterborne pathogens in 1892 (Moore 2002).  General 

coliforms produce the enzyme galactosidase in lactose fermentation and fecal coliforms (E. coli) 

produce the enzyme glucuronidase, in addition to galactosidase.  Production of these enzymes 

allows the identification and verification of the presence of the coliforms (Micrology 2000) as 

well as a method for differentiation among the types of coliforms. 

Researchers Brion and Mao indicate that the atypical colonies (AC) associated with TC 

and FC tests grown on these two mediums contain a more complex association of non-coliform 

opportunistic pathogens, such as Aeromonas hydrophila and Salmonella spp. and can be useful 

in identifying urban runoff from agricultural sites when compared in a ratio of AC to TC.  They 

also indicate that this ratio may provide insight into the age of the fecal pollution as well (Brion 

and Mao 2000).   

Storm water often has high concentrations of bacteria and other microorganisms of pathogenic, 

non-human and non-enteric origin.  Fecal-based indicators may not accurately assess a water’s 

potential health risk.  Pathogenic organisms may move through the storm water system in slug 

concentrations.  Infiltration from leaking septic tanks or leaking sewage lines will cause a low 

but continuous source of microbial pollution (Makepeace et al. 1995). 
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2.1.11   Temperature 

 

External factors are responsible for the temperature of the water delivered to a stream.  

The structure of the stream determines how the heat and water will be distributed within the 

stream channel and floodplain.  The interaction of the external factors and internal stream 

components determines the impact temperature on the resident riparian environment.  The 

diversity of natural dynamics and human activities must present the habitat within the stream 

with a minimum of disruption for continued ecological balance.  Anthropogenic influences, in 

the form of urban runoff, may present a stream with temperature variations outside the streams 

ability to compensate (Poole and Berman 2001, Wang et al. 2001).   

An increase in water temperature can have a number of effects on the physical, chemical 

and biological processes that occur in receiving waters.  Reduced solubility of oxygen in water is 

probably one of the most important physical impacts of increased water temperature.  Lower 

solubility, combined with an increased organic load and increased bacterial respiration, can lead 

to levels of dissolved oxygen insufficient for fish survival (Galli 1990).  Thermal enrichment of 

receiving waters can increase the growth of bacteria such as E. coli as well as disrupt aquatic 

organisms having finely tuned temperature limits (Buren et al. 2000, Contantz 1998). 

Increases in temperature can also affect chemical reactions.  As water temperature 

increases, metal toxicity generally increases and as a result has a greater impact on the 

metabolism of the organism (Davies 1986).   Fish survival and growth potential are significantly 

influenced by water temperature.  For these reasons, water temperature is considered to be a 

physical frame for aquatic environments.  Storm water runoff usually differs significantly from 

the temperature of the receiving stream.  Although storm water temperature is transient in nature, 
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temperatures can be elevated for a sufficient amount of time to allow chemical processes to be 

initiated (Youndus et al. 2000).  In addition, based upon this temperature differential, storm 

water runoff may be slower in mixing with ambient water, thus causing a delay in dilution. 

In recent years there has been a growing concern over the potential impact of thermal 

inputs on streams and rivers from urban storm water runoff and the impact of some BMPs such 

as storm water detention ponds.  Impervious surfaces associated with an urban landscape appear 

to increase thermal input to storm runoff (Schueler 1987).  The temperature of storm water has a 

reported range of from 4° C to over 30° C (Makepeace et al. 1995). 

2.1.12   Anthropogenic Toxins 

 

Many studies are currently concerned with anthropogenic toxins found in storm water 

runoff.  Not surprisingly, the list of these types of toxins appears to keeps pace with the list of 

anthropogenic chemical substances produced by industry.  In one recent study, urban runoff 

samples were collected over a period of one year in the Santa Monica Bay watershed.  Samples 

were analyzed for polychlorinated dioxins (PCD), polychlorinated furans (PCF) and 

polychlorinated napthalenes (PCN).  PCD and PCF are two classes of compounds containing 

some of the most environmentally toxic chemical substances.  Some of these compounds are 

regarded as potential human carcinogens.  During storms, PCD and PCF concentrations in the 

streams peaked.  All three of these compounds were found in all tests.  Analytical results 

indicated that it was easier to determine PCN in storm water samples.  PCN could be directly 

linked as an indicator of PCD and PCF.  Research further positively correlated all three 

compounds with commercial and urbanized land use (Fisher et al. 1999). 
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A large number of studies are concerned with the environmental impacts of 

polychlorinated biphenyl’s (PCB).  Some of the most disturbing research results point out that 

this family of chemicals has a long life-span in the environment and has proven impacts as a 

synthetic hormone disrupter.  Research with this class of compounds is chronicled in the book 

Our Stolen Future (Colborn et al. 1996).  Testing for PCBs is difficult because the quantities 

required for impact may be very small.  However, research programs at independent laboratories 

are developing new techniques that will assist in the identification and quantification of these 

compounds (D'Elia et al. 1989). 

Results from the NAWQA program show that insecticides occur more frequently and 

usually at higher concentrations in urban runoff than in agricultural streams.  Insecticides found 

most commonly were diazinon, carbaryl, malathion and chlorpyrifos.  Mixtures of pesticide 

“parent” compounds also commonly occur with pesticide breakdown products and other 

contaminants, such as nitrate (Alford 1987, Hamilton 2000).  Mixtures of organic and inorganic 

compounds present a complicated problem for analysts..  Prediction of the impact these mixtures 

of toxins will have on the environment is difficult.   

Mixtures of pesticides and herbicides were studied by researchers from Texas 

Agricultural and Mechanical University.  These studies produced fairly predictable results.  In an 

aquatic environment, the herbicide Atrizine reduced primary productivity, as well as reducing 

chlorophyll, green colonies.  The herbicide was also credited with impacting many of the filter 

feeders in the controlled environment.  The insecticide Bifenthrin had a negative impact on the 

micro-organisms in the experiment as well as causing a thirty three percent bluegill mortality.  

However, this research indicated that the two chemicals used in this experiment did not act 

synergistically (Hoagland and Drenner 1991). 
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2.1.13   Toxicity Testing 

 

“No instrument has yet been devised that will measure toxicity!  Chemical concentrations 

can be measured with an instrument, but only living tissue can be used to measure toxicity” 

(Cairns and Mount 1990).  Toxicity is defined as the inherent property of a chemical that will 

produce harmful effects to an organism or a community after exposure of a particular duration at 

a specific concentration.  This definition requires both potency and time to fulfill the toxicity 

definition (Cairns 1980).  Toxicity tests are a class of testing protocols developed by EPA using 

test organisms (typically Ceriodaphnia dubia. and Pimephales promelas) exposed to toxicants to 

determine reactions to both acute and chronic exposures (TNRCC 1998). 

 

2.2   Monitoring Requirements Of Some Storm Water Programs 

 
The previous section of this chapter dealt with literature concerning some of the current 

thinking on the monitoring of storm water runoff.  This section will deal with the monitoring 

requirements of several of the previously existing and currently in place water monitoring 

programs.  The evolution of the legislation driving these monitoring requirements has been 

discussed in Chapter 1 and will not be repeated. 

2.2.1   Nationwide Urban Runoff Program 

 

Known as NURP, this program characterized the water quality of urban runoff.  Storm 

events were monitored in 28 cities and 81 outfalls from 1978 to 1983.  Approximately 2,300 

storms were monitored.  For all storm events monitored the constituents analyzed included many 

of those shown in Table 3.  A limited number of grab samples were collected during 121 storms 
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and were subsequently analyzed for priority pollutants.  At that time the priority pollutant list 

included 129 constituents (Athayde et al. 1983, USEPA 1983). 

2.2.2   Federal Safe Drinking Water Act 

 

The Surface Water Treatment Rule of the Safe Drinking Water Act (SDWA) outlines 

requirements for watershed protection.  Municipalities that use surface water for drinking water 

supplies are required by EPA to develop a watershed protection plan for such surface waters 

(AWWA 1990).  Among the many requirements imposed by this act, municipalities are required 

to record annual precipitation patterns, stream flow characteristics and other hydrology 

information.  The municipalities are also to identify any detrimental characteristics within the 

watershed, such as both point and non-point contamination.  Watershed control programs must 

conduct both routine and specific monitoring for pollutants and minimize potential 

contamination by Giardia cysts and viruses in the water source (USEPA 1995b, USEPA 1996). 

The 1996 amendments of the Federal Safe Drinking Water Act require states to develop a 

program to further protect the quality of drinking water.  Known as the Source Water 

Assessment Program (SWAP), this program requires each state to examine both existing and 

potential threats to the quality of public water supply sources (USEPA 1996). 

2.2.3   National Pollutant Discharge Elimination System – Phase I 

 

In an effort to correct many of the problem areas discovered during the NURP study, the 

NPDES permit program was expanded in 1990 to include municipal storm water runoff.  

Municipalities with over 250,000 inhabitants were first identified and are required to both 

classify their storm runoff and make plans to control the pollutants in their storm water runoff.  
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Shortly thereafter municipalities of 100,000 population were required to develop these same 

Storm Water Management Programs (SWMP).  A significant part of these SWMP was the 

requirement to conduct a screening analysis to provide information necessary to develop a 

program for detecting and controlling illicit connections and illegal dumping into municipal 

separate storm sewer system (MS4).  In addition, these larger municipalities were required to 

provide quantitative data to allow development of a representative sampling program to be 

incorporated as a permit condition.  Municipalities were also required to provide system-wide 

estimates of annual pollutant loading and the mean concentration of pollutants in storm water 

discharges.  Dry weather sampling for illicit connections was highly encouraged and dry weather 

monitoring of storm water outfalls was required (USEPA 1990). 

For samples collected in municipal storm water runoff identification and classification 

monitoring programs, quantitative data was to be provided for the organic pollutants and toxic 

metals, cyanide and total phenols identified in Appendix D of 40 CFR part 122 (USEPA 1990).  

In addition to those organic and inorganic analysis requirements, there were thirteen additional 

pollutant parameters required to be determined.  These pollutant parameters are shown in Table 

2-2. 

In order to regulate the storm water runoff of specific industry groups, a new permit was 

developed to help solidify and streamline the permit process.  This permit became known as the 

NPDES Multi-Sector General Permit (MSGP).  An NPDES MSGP can require three different 

types of monitoring requirements.  Depending on the type of industrial activity associated with 

the permit, analytical monitoring may be required.  In addition, compliance monitoring for 

effluent guidelines compliance as well as visual examinations of storm water discharges may 

also be required.  Monitoring and analysis of non-storm water discharges during periods of dry 
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weather or monitoring for the mixing of industrial and storm water discharges during runoff 

periods must also be performed and the runoff controlled or permitted (USEPA 1990, USEPA 

1995a).   

Analytical monitoring requirements involve laboratory chemical analyses of samples 

collected by the permittee.  The results of the analytical monitoring are quantitative 

concentrations that are easily compared to other sampling events or to national benchmarks.  

Compliance monitoring requirements are imposed to insure that discharges subject to numerical 

effluent limitations under the storm water effluent limitations guidelines are not exceeded.  

Visual examinations are conducted on a quarterly basis and call for the examination of storm 

water outfalls for color, odor, clarity, floating solids, settled solids, suspended solids, foam, oil 

sheen, or other obvious indicators of storm water pollution   

Most dischargers covered by the MSGP must conduct annual monitoring of eight or nine 

conventional parameters and specific pollutant parameters associated with their industrial 

category.  Facilities subject to these baseline-monitoring requirements have record keeping 

requirements, but generally are not required to report their monitoring data to EPA (USEPA 

1995a). 

2.2.4   National Pollutant Discharge Elimination System – Phase II 

 

Phase II of the NPDES storm water requirements are expected to affect about 4,000 small 

U.S. communities.  The overall program objective is to control nonpoint source pollution of 

waterways in urban areas to the “maximum extent practical,” (Noel et al. 2000).  The Phase II 

Rule requires that regulated communities prepare a Storm Water Management Program that 
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describes the BMPs to be implemented for six Minimum Control Measures (MCM).  These 

MCM are:  (USEPA 1999) 

1. Public education and outreach on storm water impacts. 

2. Public involvement and participation. 

3. Illicit connection and illicit discharge detection and elimination. 

4. Construction site storm water runoff control. 

5. Post-construction storm water management in development and redevelopment. 

6. Pollution prevention and good housekeeping on municipal operations. 

Item number three requires a map to be drawn of major storm drainage outfalls and 

outfall screenings with periodic monitoring in order to identify illicit connections.  A program 

for elimination of these discharges must be developed and implemented.  If a municipality is 

situated within a watershed in which a Total Maximum Daily Load (TMDL) program has been 

developed or if the municipality has a discharge known to contribute significant levels of 

pollution to U.S. waters, then additional monitoring and control requirements will be levied by 

the permit writer.  Wet weather monitoring may be required by the permit writer, within the 

parameters of the NPDES Phase I storm water requirements (USEPA 1999).  However, the 

intent of the Phase II rule assumes the use of narrative, rather than numeric, effluent limitations 

when requiring implementation of BMPs.  This “narrative effluent limitations” is interpreted to 

mean trending analysis of water quality parameters rather than strict compliance with a set of 

water quality standards (USEPA 2000b). 
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2.2.5   Total Maximum Daily Load 

 

The TMDL program, initiated in the 1972 Clean Water Act, recently emerged as a 

foundation for the nation’s efforts in implementing the State Water Quality Standards.  The 

TMDL is based on the relationship between pollution sources and in-stream water quality.  

Program calculations establishes the allowable loading or other quantifiable parameters for a 

body of water and thereby provide the basis for states to institute the pollution reduction 

measures necessary for that body of water (USEPA 1991) (Herbert 2002, TSSWCB 2002).   

Section 303(d) of the Clean Water Act defines the TMDL process.  Within the structure 

of this process is the goal of providing for more stringent water quality-based controls when 

technology-based controls are incapable of achieving State Water Quality Standards.  When 

implemented, the process can broaden the opportunity for public participation, expedite water 

quality-based NPDES permitting, and lead to technically sound and legally defensible decisions 

for attaining and maintaining water quality standards.  Integration of both point and non-point 

pollution sources contributing to a water body’s impairment is possible within this program 

(TNRCC 2000). 

Since its introduction, the TMDL process has not been viewed universally as a realistic 

program.  Experts say that TMDLs should be one of several tools used for implementing a 

watershed-by-watershed approach.  Ken Kirk, Director of the Association of Metropolitan 

Sewerage Agencies (AMSA) in Washington, D.C. advocates a watershed basis where point and 

nonpoint sources could work together to solve problems.  He states that “the top three 

impediments to achieving clean water goals are exotic and introduced species, habitat loss, and 

nonpoint source pollution” (Hun 1998). 
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Monitoring of storm water runoff is not currently required within the TMDL program.  

The TMDL program deals more with the results of the identification of impaired waters through 

other monitoring programs.  Monitoring and pollutant load assessments are triggered by the State 

compliance with the Clean Water Act and the Safe Drinking Water Act (TSSWCB 2002, 

USEPA 1991, USEPA 1993b, USEPA 1996). 

2.2.6   Texas Pollutant Discharge Elimination System 

 

In Texas, the TCEQ has assumed responsibility for permitting discharges to receiving 

waters and MS4s under the authority of EPA.  The State has issued a new permit that will take 

the place of the NPDES MSGP.  This new permit is patterned after the NPDES MSGP and is a 

general permit to dispose of wastes under the provisions in the CWA and the Texas Water Code.  

This Texas Pollutant Discharge Elimination System (TPDES) Multi-Sector General Permit will 

allow industrial activities located in the state of Texas to discharge directly to exceptional, high, 

intermediate, limited or no significant aquatic life use receiving waters as designated by the 

Texas Surface Water Quality Standards.   

In establishing this MSGP, TCEQ has identified thirty categories of industries, by 

Standard Industrial Classification (SIC) Code, that may be regulated under the same MSGP.  

Monitoring programs required within the MSGP are to set the standard for other TPDES permits 

within the state.  Within each category of industries there are specific pollutants that must be 

monitored, as well as dry-weather monitoring and effluent compliance monitoring.   

Within the MSGP, general monitoring requirements and limitations are based on the type 

of water into which the industrial effluent or storm water runoff is being released.  For example, 

if the discharge from a storm event empties into inland waters, there is a list of “Total Metals” to 
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be analyzed and compared to a listing of numeric benchmarks.  If the discharge from a storm 

event empties into tidal waters, the same list of “Total Metals” must be analyzed, but the 

numerical benchmarks are slightly different.   

As previously mentioned, there are monitoring requirements for each category of 

industrial activity.  Depending on the industry, the monitoring requirements are taken from those 

listed in Table 2-2.  Requirements of other State and national monitoring programs are also listed 

in Table 2-2 (TNRCC 2000).   

 

2.3   Contaminant Summary 

 
Using the list of potential contaminants shown in Table 3, the available literature was 

searched to determine the most probable range of the concentrations reported in the literature.  

While it is possible to find concentrations of pollutants listed in excess of those shown in Table 

2-3, an attempt was made to keep the range of pollutants within those most understandable as 

coming from typical urban runoff sampling.  Many of the monitoring programs and field studies 

identified in the literature are directed toward those contaminants believed to represent the 

greatest problem considering both toxicity and volume of pollutant.   
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Table 2-2   Monitoring Requirements Of National Water Quality Programs 
 
Pollutant Test NURP SDWA NPDES 

Phase I 
NPDES 
Phase II1

TPDES  
MSGP2

Arsenic  X   X 
Barium     X 
BOD5 X X X X1 X 
Cadmium  X X X1 X 
Chromium  X   X 
COD X X X X1 X 
Copper X X X X1 X 
Dissolved P X X X X1 X 
Dry weather Screening  X X X X 
Fecal Coliforms X X X X1 X 
Fecal Streptococcus  X X X1 X 
Giardia cysts  X    
Lead X X X X1 X 
Manganese     X 
Mercury  X   X 
Nickel  X   X 
Nitrate + Nitrite X X X X1 X 
Oil and Grease  X X X1 X 
pH  X X X1 X 
Priority Pollutants X (129) X X X1 X 
Sediment Testing      
Selenium     X 
Silver     X 
TDS  X X X1 X 
Total Kjeldahl N X X X X1 X 
Total NH4 + Organic N  X X X1 X 
Total P X X X X1 X 
TSS X X X X1 X 
Wet Weather 
Monitoring 

 X X X1 X 

Zinc X X X X1 X 
(TNRCC 1999a, TNRCC 1999b, TNRCC 2000, TNRCC 2001, USEPA 1990, USEPA 1991, 
USEPA 1995a, USEPA 1996) 
1.  If required by the permit writer 
2.  If required by Industrial Category 

The main goal of many of the literary reports is to try to quantify the most important 

contaminants causing potential health hazards to municipalities.  Literature indicates that the 
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most critical storm water contaminants affecting humans and their drinking water are total 

suspended solids, aluminum, chloride, chromium, copper, iron, lead, manganese, mercury, 

constituents from gasoline, total polycyclic aromatic hydrocarbons, benzo(a)pyrene, 

tetrachloroethylene, fecal coliforms, fecal streptococci, and Enterococci.  The most critical 

storm water contaminants affecting aquatic life are total suspended solids, aluminum, 

beryllium, cadmium, chloride, chromium, copper, iron, lead, mercury, nitrogen, silver, zinc, 

dissolved oxygen, Benzo and polyclorinated organics, and several of the xenobiotic organic 

compounds classified as pesticides (Athayde et al 1983, Makepeace et al. 1995, USEPA 

1983). 
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Table 2-3   Contaminant Summary 
 
Pollutant Test Range* mg/l    Storm Water Problem  
  Human Aquatic 
Alkalinity 8 – 1273 Minor Minor 
Aluminum 0.1 – 16.0 Major Major 
Arsenic 0.001 – 0.21 Minor Minor 
Barium 0.066 – 0.087 Minor Minor 
BOD5 1 – 7700 Minor Major 
Cadmium 0.00005 – 13.37 Minor Major 
Calcium 0.04 – 2113.8 Minor Minor 
Chloride 0.3 – 25,000 Major Major 
Chromium 0.001 – 2.30 Major Major 
COD 7 – 2200 Minor Major 
Copper 0.00006 – 1.41 Minor Major 
Dissolved Oxygen 0 – 14 Minor Major 
Dissolved P 0.01 – 7.3 Minor Minor 
Enterococci 1.2E2 – 3.4E5 Major Minor 
Fecal Coliforms 0.2 – 1.9E6 Major Minor 
Fecal Streptococcus 3 – 1.4E6 Major Minor 
Giardia cysts 0 – 560 Minor Minor 
Hardness 12 – 1100 Minor Minor 
Iron 0.08 – 440.0 Major Major 
Lead 0.00057 – 26 Major Major 
Manganese 0.007 – 3.8 Major Minor 
Mercury 0.00005 – 0.067 Major Major 
Nickel 0.001 – 49.0 Minor Minor 
Nitrate + Nitrite 0.01 – 12.0 Minor Major 
Oil and Grease 0.001 – 110 Minor Minor 
pH 4.5 – 8.7 Minor Minor 
Potassium 0.01 – 34 Minor Minor 
Selenium 0.0005 – 0.077 Minor Minor 
Silver 0.0002 – 0.014 Minor Major 
Sodium 0.18 – 660 Minor Minor 
TDS 75.9 – 2792 Minor Major 
Total Kjeldahl N 0.32 – 16.0 Minor Major 
Total P 0.01 – 7.3 Minor Major 
TSS 1 – 36,200 Major Major 
Zinc 0.0007 – 22.0 Minor Major 

(Athayde et al. 1983, Cole et al. 1984, Makepeace et al. 1995, USEPA 1983) 
* Range of values found in referenced literature.  Units are mg/L where appropriate 

In compiling Table 2-3, an attempt was made to identify contaminants of concern to 

human drinking water systems and aquatic environmental ecosystems.  If a particular 
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contaminant is identified as being ten or more times above the regulatory allowable 

concentration then it is identified as a “Major” problem.  If it is not at that high a 

concentration but presents a complicated pollutant to either the drinking water system or 

aquatic environmental ecosystem then it is identified as a “Minor” contaminant (Makepeace 

et al. 1995). 

Organic chemical contaminants are an ever-growing problem to the environment.  

The National Urban Runoff Program (NURP) was an early attempt by the federal 

government to analyze for organic compounds in storm water runoff.  At that time there 

were 106 organic compounds that were tested for and of this group 63 were identified in the 

storm water of participating cities.  In the intervening years the number of additional man-

made compounds has increased dramatically in number.  Any attempt to determine the 

impact and interactions of combinations of these compounds in the environment would 

make a simple classification as ”Major” or “Minor” seem an inadequate identification. 

Many smaller municipalities will be approaching the requirements of the NPDES 

Phase II program with very limited budgets.  Determination of the most cost-effective 

sampling and monitoring program will be a high priority for them in their eventual 

compliance with the Phase II requirements. 
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CHAPTER 3 

A STORM WATER SYSTEM MONITORING MANUAL  

FOR THE SMALL MUNICIPALITY 

A User’s Guide 

 
 

NOTICE 

 
This portion of the dissertation is written so that it can be used as a separate document.  It 

is the intention of the author that this chapter be removed from the dissertation and employed as 

a guide by those that find it necessary to conduct monitoring of outflows and streams in 

compliance with the National Pollutant Discharge Elimination System Phase II guidance from 

the Environmental Protection Agency or other regulatory agencies.  Preparation of this document 

has been funded in part by the Environmental Protection Agency under agreement with the City 

of Denton, Texas and the Institute of Applied Sciences at the University of North Texas.  It has 

not been subjected to the Agency’s peer and administrative review.  This document does not 

necessarily reflect the views of the Agency and no official endorsement should be inferred.  In 

addition, mention of trade names or commercial products does not imply endorsement by any 

federal or State government.  Preparation of this users guide was conducted with the guidance of 

national and State of Texas regulations governing storm water monitoring and with knowledge 

of the laboratory analytical procedures necessary to satisfy both the Environmental Protection 

Agency and the State of Texas Surface Water Quality Monitoring Program.  Compliance with 

monitoring requirements other than these two agencies is outside the scope of this Users Guide. 
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FOREWORD 

National Pollutant Discharge Elimination System (NPDES) Phase II Rules require that 

most smaller municipalities (typically over 10,000 but less than 100,000 in population) 

characterize, monitor and take action to eliminate to the maximum extent possible nonpoint 

sources of pollution within their territorial jurisdiction.  Under Phase II, each regulated 

municipality must:  “provide a comprehensive storm water program that designates and controls 

additional sources of storm water discharges to protect water quality, pursuant to the Clean 

Water Act (CWA) Section 402(p)(6).”  Additional monitoring requirements may be established 

for small regulated municipal separate storm sewer systems (MS4) by the permitting authority.  

All regulated MS4 must establish a storm water management program that meets the 

requirements of six minimum control measures (MCM).  These measures include:  (1) public 

education;  (2) public involvement and participation;  (3) illicit discharge detection and 

elimination;  (4) construction site controls;  (5) post-construction controls and (6) pollution 

prevention/good housekeeping.  For each MCM measurable best management practices (BMPs) 

must be determined and instituted. (USEPA 1999).   

Detection of illicit discharges and the establishment of a storm water drainage system 

monitoring capability are the focus of this manual.  With the knowledge of pollutants causing a 

detrimental impact on receiving waters within the jurisdiction of a small municipality, structural 

and managerial BMPs can be properly planned and evaluated to provide an increased level of 

protection to our nation’s waters. 

Contaminated non-storm water entries into storm drainage systems have been shown to 

contribute substantial levels of contaminants to the nation’s waterways.  Non-storm water entries 

are typically available during periods of dry weather, but storm water flows may exacerbate the 
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production of these inputs.  Entries may originate from many diverse sources including wash 

waters from commercial and home laundries, home and commercial vehicle service operations, 

septic tank systems, directly connected or leaky sanitary sewage systems, as well as indirect 

industrial wastewater connections to the MS4.   

The development of a storm water system monitoring program, as described in this 

manual, will be patterned after the requirements of larger municipalities, but will be adjusted to 

take into consideration a reduced municipal staff, typically consisting of one to three people 

having some combined responsibility to address the storm water impact issue.  The thrust of this 

manual will be to evaluate the types and amounts of storm water system pollutants being 

contributed to the outfalls of municipal MS4s and to the receiving waters coursing through the 

municipal jurisdiction.  Every effort will be made to use collection, testing and evaluation 

methods available to the smallest regulated community.  Suggestions appropriate for 

construction of a watershed study are included. 

This Users Guide is written with the consideration that the user will have a relatively 

complete knowledge of the drainage system for the municipality.  Familiarity with the drainage 

system and the land usage within the various sections of the drainage system is essential to the 

successful completion of the tasks required under the guidance of NPDES Phase II regulations. 
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SECTION 1 

1.0 INTRODUCTION 

Interest in illicit or inappropriate connections to storm drainage systems is a result of the 

Clean Water Act (CWA) Section 402(p)(6) National Pollutant Discharge Elimination System 

(NPDES) Phase II Rules (Phase II) governing smaller municipalities.  Illicit discharge is defined 

as any discharge to a municipal separate storm sewer that is not composed entirely of storm 

water, except discharges pursuant to an NPDES permit and discharges resulting from fire 

fighting activities.  There are some other sources of illicit discharges that do not need to be 

addressed unless the MS4 operator considers them to be a significant source of pollutants into 

the system.  

 

1.1   Requirements 

 

Under the guidance of the NPDES Phase II Rules, an operator of a regulated small 

Municipal Separate Storm Sewer System (MS4) must develop, implement and enforce an illicit 

discharge detection and elimination program.  Under this Minimum Control Measure (MCM), 

the operator is required to:   

1. Develop a storm sewer system map, showing the location of all outfalls and the 

names and location of all waters of the United States that receive discharges from 

those outfalls;  

2. To the extent possible under State, Tribal or local law, effectively prohibit 

through ordinance, or other regulatory mechanism, illicit discharges into the 
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separate storm sewer system and implement appropriate enforcement procedures 

and actions as needed;   

3. Develop and implement a plan to detect and address illicit discharges, including 

illegal dumping, to the system;  and   

4. Inform public employees, businesses, and the general public of hazards associated 

with illegal discharges and improper disposal of waste (USEPA 1999).  Table 1-1 

contains those categories of non-storm water discharges that the operator may 

address if they are determined to be a significant contributor of pollutants to their 

MS4. 

Table 1-1:  Non-Storm Water Discharge Categories 

 
Water Line Flushing 

 
Landscape Irrigation 

 
Diverted Stream Flows 
 

Rising Ground Waters Uncontaminated Ground Water 
Infiltration1

Uncontaminated Pumped 
Ground Water 
 

Discharges From 
Potable Water Sources 

Fountain Drains Air Conditioning Condensation 
 

Irrigation Water Springs Water From Crawl Space 
Pumps 
 

Footing Drains Lawn Watering Flows From Riparian Habitats 
 

Flows From Wetlands Dechlorinated Swimming Pool 
Discharges 
 

Street Wash Waters 

1  As defined at 40 CFR 35.2005(20)   (USEPA 1999) 

Phase II rules require a map be constructed and maintained that shows the locations of all 

outfalls and the names and locations of the receiving waters.  Knowing the location of the 

outfalls is necessary in order to conduct dry weather field screening for non-storm water flows 

and to respond to the illicit discharge reports from the public.  It may well be necessary to 
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“walk” or otherwise traverse the receiving streams in order to identify these outfalls.  These 

outfalls should be marked on an appropriate map and identified with a coding system.  

Construction of the outfall map will be discussed in the next sections of this manual. 

 

1.2   Sources of Inappropriate Entries 

 

The USEPA manual, Investigation of Inappropriate Pollutant Entries into Storm Drainage 

Systems:  A User’s Guide (Pitt et al. 1993) contains an excellent table listing many of the most 

common potential inappropriate entries into storm drainage systems.  This table is reproduced 

and supplemented in Table 1-2.  While the Phase II guidance uses the term “Illicit Entries” and 

other guidance uses “Inappropriate Entries.”  These two terms are used interchangeably in this 

manual.  These terms are defined to mean “any discharge to an MS4 that is not composed 

entirely of storm water” (USEPA 1999). 

 

1.3   Urban Runoff 

 

Urban runoff pollution sources, including both point and non-point sources of water 

pollution, have been shown to be potent problems in the achievement of water resource goals for 

many municipalities.  Because these sources of pollution are of a local nature, the solution to 

these problem pollutants is best handled at the local level.  

Urban storm water runoff is defined in the attached Glossary of Terms (Chapter 3, 

Appendix A) as storm water from urban areas, which tends to contain heavy concentrations of 

pollutants from vehicles and industry.  Urban storm water is that portion of precipitation that 
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drains from impermeable surfaces, such as rooftops and city streets, and flows through natural or 

man-made drainage systems into receiving waters.  An urban storm water drainage system may 

also convey waters and wastes from many other sources and connect to an MS4 of a larger 

municipality.  NPDES Phase I Rules will probably already govern this larger municipality.  In 

this instance, the larger municipality may require the establishment of a storm water-monitoring 

program, in addition to the dry-weather discharge monitoring required under Phase II.   

 

Figure 1-1  Urban Runoff From Parking Lot Flowing To Aerated Detention Pond. 

 

1.4   Overview 

 

This manual is designed to provide guidance in establishing both investigative and 

analytical procedures for evaluation of existing waters in local stream (receiving waters), 

identification of illicit entries into the storm drainage system that will impact the overall water 

quality of the receiving streams, and an initial assessment of some of the pollutants in these 

receiving waters. 
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Urban runoff is highly complex and some uncertainty is unavoidable during the 

evaluation of dry-weather flows, receiving system waters and storm runoff waters.  An in-depth 

knowledge of the pollutants in these three categories of waters, within the jurisdiction of the 

municipality, can greatly assist in the proper planning and development of appropriate best 

management practices (BMPs).  A periodic update of the composition of both ambient waters 

and storm water runoff component of the receiving water will allow municipal staff to evaluate 

the effe

ure 

 

on of 

valuating and understanding basic pollutants in receiving waters, dry-weather flows and urban 

storm water runoff at the most fundamental level.  If, in the opinion of the municipal staff, there 

is a reason for concern, samples for analysis by a certified laboratory should be collected and 

consultants contacted for a full evaluation of the pollutant load in the dry-weather discharge, 

receiving stream or storm water runoff.  As described in this “User’s Guide” initial evaluation, 

with visual observation and relatively inexpensive testing equipment, will help the MS4 operator 

and municipal staff to determine a level of analysis necessary for further evaluation. 

 

ctiveness of the BMPs required under Phase II.   

For those municipalities currently operating a wastewater treatment plant (WWTP) and 

having an established industrial pre-treatment program, additional information is provided in the 

form of a checklist for industrial site storm water inspections.  This checklist was designed to 

include evaluation of permitted facilities for the Phase II Industrial Exemption for Non-Expos

(Chapter 3, Appendix B) as well as identify those industrial procedures and practices most likely

to be a source of pollution when exposed to storm water or storm water runoff.. 

 Monitoring techniques discussed in this manual were selected from the positi

e
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Table 1-2 :  Potential Inappropriate Entries Into Storm Drainage Systems 

 
Potential 

Storm Drain 
Entry 

Flow 
Characteristics 

 
Contamination Category 

Source Direct Indirect Conti 
nuous 

Inter- 
mittent 

Pathogenic 
/Toxic 

Nuisance Clear 

Residential Areas:        
Sanitary Wastewater X X X x X x  
Septic tank effluent  X X x X x  
Household chemicals x X  X X   
Laundry wastewater X   X x X  
Landscape watering  X  X x x X 
Leaking potable water  X X    X 
 
Commercial Areas: 

       

Gasoline filling station X X  X X x  
Vehicle repair X X  X X   
Laundry wastewater X  X x x X  
Construction sites  X X x  X  
Sanitary wastewater X X X x X   
Industrial Areas:        
Leaking tanks/pipes x X X x X   
Process waters X X X x X x x 
Relatively Clean 
Sources 

       

Infiltrating 
groundwater 

x X X X x x x 

Springs or streams X  X x x  x 
Infiltrating water from 
leaking water mains 

 
x 

 
X 

 
X 

 
x 

 
 

 
 

 
X 

Note:  X:  Most likely condition                               (Pitt et al. 1993, USEPA 1999) 
           x:  May occur 
           Blank:  Not very likely 
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SECTION 2 

 
2.0 WATERSHED MAPPING 

 

2.1   Introduction 

 

Existing conditions must be investigated and described before data collection, problem 

assessment, or recovery actions can be initiated.  In order to determine existing conditions within 

the watershed of the MS4, a watershed description, which characterizes the source of runoff and 

potential “causes” of water resource problems, must be conducted.  Receiving waters, within the 

watershed, must be described and evaluated in order to determine existing conditions.  This need 

goes beyond basic requirements of the NPDES Phase II rule but is consistent with EPA’s 

direction that more emphasis be given to a watershed approach.  By definition, a watershed is a 

geographic region within which precipitation drains into a particular receiving water at a specific 

delivery point (APWA 2000, Fischenich and Allen 1999).  Multiple watersheds are often found 

in an area of municipal responsibility.  Urban runoff pollution prevention and control programs 

are based upon political boundary areas and not necessarily watershed areas.  While a 

municipality may investigate existing or potential causes of pollution within their extra-territorial 

boundaries the concentration of their efforts is usually directed within their identified municipal 

boundaries.  Delineating watersheds and the smaller sub-watersheds within it will go a long way 

toward determining the source of the pollutants and the impact of the pollutants within the sub-

watershed and the receiving waters. 
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2.2   Course Of Action 

 

NPDES Phase II rules require that a map (or set of maps) indicating the location of all 

outfalls, as well as the names and locations of receiving waters, be prepared for use by the MS4 

operator.  Knowing the locations of outfalls and receiving waters is necessary to conduct both 

dry-weather and wet-weather monitoring.  When developing a plan to determine illicit 

connections and impacted waters, the Environmental Protection Agency (EPA) recommends the 

following course of action: 

1. Locating the priority areas 

2. Tracing the source of an illicit discharge 

3. Removing the source of the discharge 

4. Program evaluation and assessment (USEPA 1999). 

While these four keystone points are very important in developing an illicit connection 

identification and control program and initiating a storm water runoff monitoring program, some 

additional actions are needed to fulfill this requirement.   

The term “Location of Priority Areas” means using a knowledge of the watershed to 

identify those areas needing a more detailed screening based on the likelihood of occurrence of 

illicit connections or the conductance of ambient sampling to locate impacted reaches of the 

receiving waters.  The EPA recommends visually screening outfalls during dry weather periods 

and conducting sample collection and field tests, where flow is occurring.  Once samples are 

collected then an analysis of selected chemical parameters can occur, either in the field or 

laboratory, to determine the source of the discharge. 
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Taking into consideration the guidance from EPA for all aspects of the water quality 

problem and using the specific guidance in the Phase II rules, an expanded course of action 

would flow as indicated in Figure 2-1. 

2.3   Outfall Map 

 

If the municipality does not have a current map of the MS4 system the requirement to 

provide a map of the outfalls and the receiving waters can be fulfilled by using a range of 

different types and sizes of maps.  The basic requirement could be filled by a street map of the 

municipality which also had the streams accurately depicted.  The outfalls from the MS4 can be 

handwritten onto the map and numbered with a coding system to indicate the number and 

location of the outfalls.  For instance, the first outfall on a creek named Hickory could be 

designated at HC1.  If there is no creek but only a storm drainage system that empties into 

artificial ditches then the name of the major street adjacent to the drainage system could be used.  

In this instance the outfall at the beginning of a ditch adjacent to Liberty Street could be 

designated as Liberty Ditch 1.  A map, built on this system would work if the size of the MS4 

allowed easy observation and location of the outfalls and the number of outfalls did not clutter 

the map.  However, this rudimentary outfall map only shows the location of the outfall and adds 

very little information about the potential location of any priority areas or the condition of the 

drainage system.   
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Figure 2-1   Flowchart Of Potential Phase II Monitoring Actions 
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Aerial photography, satellite imagery, as well as Topographic or U.S. Geological Survey 

(USGS) maps work well for this limited survey.  The information on the map may have to be 

updated as the outfalls are surveyed.  The Phase II rule suggests that a review of city records and 

storm drain maps may be the best place to start (USEPA 1999). 

It will  be necessary to “walk” (wade or row a boat in the larger receiving streams) the 

receiving waters, stream banks, and drainage systems in order to discover all of the outfalls.  The 

verification of known outfalls will require a field survey.  Illicit connections or illegal outfalls 

will seldom be on an existing storm drainage map.  Information from the survey can also be 

added to the map if determined to be of significance.  Stream reaches that have been channelized 

or that have obstructions of a permanent nature are examples of information that may be added 

to an outfall map during a field survey.  Conditions such as heavy bank erosion, garbage 

dumping or clutter and floatables should also be noted during the survey for later action but not 

necessarily added to the map. 

A computer-generated map, using a Geographical Information System (GIS) or a 

Computer Aided Design System (CAD) would allow for the addition and incorporation of layers 

of information to an outfall map.  Many sources of information could be incorporated, such as:   

1. An accurate location of the outfall using a Global Positioning System (GPS);   

2. Location of deep pools in the receiving waters;  

3. Location of the floodplain and any modifications thereto;   

4. Mapping of the drainage system leading to each outfall;  

5. Land use associated with each outfall;  

6. Soil types and soil characteristics adjacent to the stream reach and outfall;  
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7. Vegetative habitat and condition along the reach;  

8. Zoning codes or specific industrial identification codes;   

9. Property owners adjacent to the outfall or within the drainage system;   

10. Population density;  and,  

11. Any number of other pieces of information about the area.   

Once a priority area has been determined or a problem outfall has been discovered it may 

be necessary to map that portion of the storm sewer system leading to the outfall in order to 

locate the source of the discharge.  A simple street map or USGS topographic map may not work 

as well for this level of detail.  Detailed maps and drawings of the existing drainage system will 

be required for investigating illicit input to the storm drain system.  MS4 construction often 

changes the natural drainage for the area and may channel flows away from historic drainage 

patterns.  Knowledge of the installed MS4, along with detailed drawings of the system, will 

greatly assist the MS4 operator in finding pollutant sources. 

 

2.4   Land Use 

 

Land use in the drainage system has the greatest impact on the type of runoff, as well as 

the kinds of pollutants found in runoff waters.  As previously mentioned, research has shown that 

urban runoff will have more organic pollutants and chemical constituents that are detrimental to 

receiving streams than agricultural runoff.  Agricultural areas will generally have more sediment 

constituents and those pesticides and herbicides found in use on crops and soils.  

Indicating on the watershed or outfall map the land use associated with the storm 

drainage system and receiving water will assist in the determination of the type of expected 
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pollutants.  Land use should be indicated with a map representation code or format that clearly 

indicates the location and extent of the coverage.  This type of information may already exist, in 

map form, within the records of the municipality.  If land use information is not available then 

simply driving through the area for the drainage system and noting the most obvious land uses 

will be of benefit.  This windshield survey can be as rigorous as time and effort permits. 

 

Figure 2-2   A Typical Area That Would Be Noted On The Outfall Survey For Later 
Investigation 
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2.5   Soil Types And Erosion Potential 

 

 Within most U.S. counties, the Natural Resource Conservation Service (NRCS), formally 

known as the Soil Conservation Service, has conducted and published extensive soil survey and 

analysis reports.  These reports are available from the local County Agricultural Agent or the 

NRCS district office.  Many of these soil maps are beginning to be available in digital format 

from the regional Council of Governments (COG), state information agencies or from 

commercial information firms for purchase.  Some of these maps have even been made available 

on the Internet.   

 Including soils information on a watershed map will assist users in determining many 

levels of information.  EPA considers sediment to be the largest portion of pollutants in storm 

water runoff and knowledge of the soil type within the watershed or sub-watershed will help to 

determine the impact these sediments have on the receiving system.  The main objective for 

including soil information in watershed land use information is to assist the user of this 

pedological data in identifying priority areas and determining the impact that soils are making on 

storm water runoff and receiving waters. 

 Soil data will allow the MS4 operator to determine the:   

1. pH value of the topsoil and its impact on the storm water runoff;   

2. relative retention capacity of the topsoil for heavy metals;  

3. classification of the permeability of the soil;   

4. available water within the soil;  

5. vulnerability of the soil to erosion by water;  and,  
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6. soils characteristics once suspended in water.  

All of these factors are important as the MS4 operator develops a greater knowledge of the 

watershed. 

 

2.6   Field Map 

 

When preparing to go into the field to start an inventory of the outfall locations it is 

essential that you have a working copy of the outfall map.  This map should be in a scale that is 

appropriate with the area to be traversed and on a medium that can stand some abuse.  

Remember:  “Nature does not respect recycled paper.”  USGS topographical maps are very good 

for this purpose but be ready to replace them as they wear out or get damaged by the conditions 

encountered during the inventory process.  Plastic laminated maps are sturdy and can be re-used 

multiple times.  Laminated maps can be written upon with a variety of instruments, such as 

grease pencil or permanent markers.  Care must be taken to ensure that the notes and 

observations recorded in the field are not rubbed off during use.  A list of items to take to the 

field, for the field inventory, is given in the next section and chief among these items is a 

working copy of the map.   

The working copy of the map should be used to indicate new urban development, areas 

where there has been channelization, areas of obstructions, the exact location of outfalls, and the 

size and type of outfall.  Once back in the office, this information can be transferred to the office 

copy of the map or put into the associated database or GIS system. 
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2.7   Summary 

 This section discussed development of a watershed map.  In the simplest form, the map 

must show the location of the outfalls and the names of the receiving waters.  More than basic 

compliance is required as a watershed approach is developed.  In developing a clear 

understanding of pollutant problems within the watershed, effort should be on delineation of the 

watershed in question, description of land uses within that watershed and identification of related 

environmental, infrastructure, municipal and pollution source data.  The water resource 

description should present data on the physical, chemical, and biological conditions of the 

receiving waters, along with applicable standards and water quality criteria.   

Expending resources at the beginning of the mapping process, to locate as much existing 

information as possible, is cost effective.  Effort at this stage will maximize the use of existing 

information, minimize collection costs, and avoid overlooking important data resources.  Basic 

or minimal compliance with the mapping and data gathering portion of the Phase II compliance 

effort will cause increased expense as the need for more information about the watershed in 

question is required.   
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SECTION 3 

 
3.0 OUTFALL INVENTORY AND SAMPLING SITE SELECTION 

 
 

3.1   Introduction 

 

This section of the Users Guide is designed specifically to assist the environmental 

personnel with conducting their outfall inventory.  Inherent in this inventory is not only the need 

to determine the location of the outfalls, but also the need to evaluate the  outfalls themselves 

and determine size, shape, type, condition and the presence of any dry-weather flows.  In 

addition, notes on channel condition, habitat, soil types, debris and flow properties are important 

characteristics to note during the inventory walk. 

 

3.2   Timing 

 

If at all possible, it is best to conduct this initial field inventory during dry weather 

conditions.  A mid-morning is usually the best time to start to walk the drainage system and 

receiving waters channels.  This timing will usually allow the nighttime creatures a chance to 

find their burrows and the daytime creatures a chance to be up and out of the immediate area.   

If at all possible, you should try to conduct the initial field inventory during periods in 

which there is less vegetation.  If you’re going to walk in the stream channel, start at the 

upstream end and walk downstream.  To do the opposite will make a long day for you and your 

co-workers.   
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A determination should be made as to the right to legal access to the receiving waters and 

the drainage system.  Some property owners may object to your walking down the stream bank 

or through the storm drain channels.  A look at the drainage system map and the adjacent land 

owners will give some indication of potential conflicts.  Advertising your intentions and letting 

the public know what you are doing can be considered part of the public outreach required for 

NPDES Phase II.  Wearing the proper uniform and reflective vests, as well as having a Public 

Works Department vehicle involved will probably be adequate identification for most 

landowners.  However, if there is a question as to legal access then consult the City Attorney for 

guidance. 

 

3.3   Personnel 

 

Prior to going into the “water” a little thought as to who is going with you is necessary.  

It is important, for several reasons, that there be at least two people involved in wading in the 

stream or walking the banks.  Two people are better at locating the outfalls, two people make it a 

lot safer operation and two observations of conditions are better than one.  Crew duties can either 

be developed before starting or allowed to evolve as the survey progresses.  Experience has 

shown that one person recording and one person making measurements and observations is 

usually a good procedure to follow.  A third person is necessary to move the truck carrying your 

drinking water and other equipment as you proceed downstream.  Carrying equipment up a 

slippery bank while wearing waders and then walking a half-mile back to the truck is something 

you don’t really have to do to appreciate the presence of an additional person to drive the 

equipment truck and keep up with your progress.  Trust me on this. 
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Members of the inventory crew should have a working knowledge of the forms and equipment 

that will be used during the inventory.  The need for waders and/or a small boat should be 

identified before the inventory begins.  Safety for all personnel is a key factor.  Table 3-1 

contains a list of some of the recommended equipment.  Your familiarity with conditions of your 

particular watershed will tell you the necessity of some of this equipment, as well as direct your 

attention to the addition of items specific to your situation.  If you need a snake hook or a 

handgun to safely perform your duties then include these with your equipment list along with 

training in their use.  

 

3.4   Conducting The Outfall Inventory 

 

The weather is right, the time is right and you have the necessary equipment ready to 

conduct the outfall inventory.  Gather your crew together and review the procedures and forms.  

Review the definition of an outfall so everyone is familiar with what you’re going after, load up 

the equipment in a municipal truck or van and go as far upstream as your municipality is 

responsible and start the walk.   
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    Table 3-1  Initial Field Inventory Equipment 

Item Use 

Clipboard Holds map pages and forms 

Map Working copy for recording locations and other information 

Backpack Holds equipment, spray paint,  extra forms, etc… 

Flashlight Looking under bridges and up outfalls 

Tape measure Measure size of outfall or width of channel 

Spray Paint Mark the number code on the outfall (permanent marker also good) 

First Aid Kit Obvious 

Cellular Phone/Radio Call truck driver for assistance, equipment or location 

GPS* Global Positioning System Receiver for exact location of outfall 

Knee or Chest Waders Your call on length, based on the receiving channel flow.  Get tough 
ones because you’re going to be walking among broken bottles. 

Rubber Gloves “Keep Hands Clean” 

Walking Stick Great for balance and poking suspicious areas for wildlife 

Camera* Preferably a water resistant camera (learned the hard way) 

Insect Repellant* Dependent on time of year and conditions 

Mace or Pepper Spray Dependent on the type of “critter” you expect to encounter.   

Boat If necessary 

Small nylon rope* 50 foot nylon rope – 1 per person – many uses 

Small flotation device May not be necessary, unless you step off into a deep pool 

Waterproof pen In case the used forms get wet – several colors are useful 

Pocket Knife Don’t leave home without it 

Hat Protection from sun and branches 

*  Nice to have 
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Be sure that you coordinate with the assistance truck as to the point of intercept and note 

from the map the first identified or potential outfall.  Make your first walking segment cover no 

more than three to four outfalls so that you and the crew will have a chance to see how the 

inventory is going and what additional equipment you may need or what equipment you may 

leave in the truck.   

Upon arriving at an outfall (on the map or not) note the location, measurements across 

the opening (inside diameter) and type of outfall.  A word of caution is needed here.  You may 

want to use a flashlight to look up the outfall before approaching it to make sure that some 

“critter” has not claimed territorial rights and is ready to defend its property to the best of its 

ability.  Abandoned or non-discharging outfalls make good homes.  Note Figure 3-1 for a less 

than typical resident found in some storm drain pipes that were in the process of being installed 

in a south Texas park. 

If the outfall is not already on your map try to determine what type of outfall is involved.  

Legal or illegal, active or abandoned are distinctions that you may not be able to make at this 

point.  Note the location, type, size, etc… and then note any outflows from the pipe.  Some 

monitoring programs require that all outfalls 12 inches or greater be mapped.  Experience will 

show that an illicit outfall is rarely 12 inches or greater.  Decisions made before the walk as to 

the size and type of outfalls to be mapped and inventoried will become important as you proceed 

with the inventory.  For example, a two inch pipe from the side of a concrete channel may have 

flow from a spring or from a damaged water main.  It also may have a flow from the floor drain 

of a local automotive shop that is using that drain to dispose of their unwanted anti-freeze.  Just 

because the outfall is not part of the installed MS4 does not mean that it does not go on a map.   
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Figure 3-1   Atypical But Possible Resident Of Storm Drainage System  

 

Unless you’re equipped to do so, sampling may not be important during this initial 

inventory effort.  Mark the outfall with a code indicating the receiving stream and the num

Source:  (TxDOT 2002) 

ber of 

the outfall, and fill out the initial forms (Chapter 3, Appendix C).  When you are satisfied that 

you know the location and specifics of this outfall and could “find it again” proceed to the next 

outfall. 

ng 

or a 

 crew 

The number of outfalls you can survey in a day is totally dictated by the conditions 

encountered in the drainage system.  The more you have been able to identify the drainage 

system’s structural characteristics before conducting the survey the better you will be in findi

the outfalls shown on your map.  However, with a blank topographic map, aerial photograph 

detailed satellite image and a willing crew, reasonable progress can be made.  Once the
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understands the procedure, you might consider going back to some of the earlier outfalls and re

evaluating them.  A practi

-

ced eye may see something that was not noticed the first time. 

ase flow is defined as the part of a stream 

dischar

f 

bitats, wildlife studies, soils and sediment analyses and other 

n immediate area around the receiving stream might be required 

to establish existing conditions (USEPA 1993a). 

 

torm 

water r  the 

fluctuation of pollutant loads and to assess receiving water impacts.  The results of sampling 

 

3.5   Ambient And Storm Water Sampling Sites 

 

The foundation of a water quality monitoring program is knowledge of the receiving 

waters.  As your knowledge of receiving waters increases, you will need to take samples of these 

waters to determine the base flow water quality.  B

ge from ground water seepage into the stream.  This is the flow in a stream without a 

recent rainfall.  In an effort to determine the impact of the urban storm water flows an 

assessment of ambient waters is necessary in order to develop a baseline of both physical and 

chemical characteristics. 

Dry-weather sampling of water resources should include areas affected by urban runof

and areas upstream of the urban runoff discharges.  In addition to dry-weather sampling of 

baseflow, biological assessments are particularly useful for determining a receiving water’s 

relative health.  Sampling of ha

compo ents of the watershed and 

Wet-weather sampling is necessary to determine storm water runoff pollutant parameters.  

Wet-weather sampling is important in urban pollution prevention and control planning because

most of the storm water loading occurs during periods of inclement weather.  Sampling of s

unoff from both source and receiving waters during a storm can be used to determine
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receivin

ambient water quality, violations of water quality standards and the impact of storm water on the 

benefic u

3.5.1 Sam

Wit tinuity of 

flow w

wet-weathe veral criteria should be considered.  Among these criteria are: 

uld be used. 

tion 

3. 

ion density or the land use characteristics within the watershed. 

pling site that 

5. ge 

ected impact 

during periods of wet 

weather.  Safety of the collection crew is paramount.  A sampling site that was an 

g waters during a storm can be used to evaluate the effects of storm water runoff on 

ial ses of the stream.   

pling Station Criteria 

 

hin the watershed, sampling stations should be selected so that there is a con

hile providing information about a specific section of the watershed.  When selecting a 

r sampling site se

1. Available data from a sampling location along the stream (local, state or federal 

agency monitoring device) sho

2. The volume of the discharge at that location should be representative of that sec

of the watershed. 

Land use consideration should be made so that the sampling sites represent the 

populat

4. Based on identified priority areas or historical data, select a sam

represents a particular class of pollutant load for that area of the watershed. 

Consider selecting a sampling site that may isolate a particular tributary or draina

basin of interest. 

6. Sampling sites adjacent to major outfalls of the MS4 will show the coll

from that section of the MS4. 

7. Select sites that allow safe access and sample collection 
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easy stroll to reach during dry weather may be under a raging torrent during a storm 

event. 

8. Is there adequate mixing of flows for a representative sample? 

9. If possible choose a sampling location where there is an existing stream level 

measurement or where stream flow may be taken without danger.  Markings on 

bridge supports to indicate water level are very useful in storm flow conditions. 

10. Try to collect on a straight section rather than on a bend in the stream. 

11. Avoid busy bridges during periods of limited visibility. 

igure 3-2 illustrates a hypothetical watershed collection site plan. F
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aracterization 



 

3.5.2   

tat 

mount 

  However, some initial 

aluable for comparison of existing conditions over time. 

he extent of biological testing may spread from a general description of the flora and 

fauna a

biologi

 

Biological Assessment Of The Sampling Site 

 

Sampling sites are impacted most by the character of the land use and biological habi

within and along the stream adjacent to the site.  As you select sampling sites it is a good idea to 

conduct an evaluation of the biological aspects of the site.  Time and funds may limit the a

of biological testing that can be accomplished at each sampling site.

observations of the site will be v

T

t each site to in-depth sediment studies coupled with vertebrate, macro-invertebrate and 

micro-invertebrate collections and evaluations.  EPA has developed a widely used set of 

protocols for the biological assessment of streams and rivers.  Published in 1989, these protocols 

are used by many states to determine the conditions of their receiving waters.  While these 

protocols were developed to evaluate long sections of streams, the guidance within these 

protocols can be modified to evaluate the condition of sampling sites (USEPA 1989).   

A modified checklist for the evaluation of sampling sites is provided in Chapter 3, 

Appendix D.  This checklist will allow the MS4 operator to make an assessment of both 

cal and land use aspects of the sampling site and can be updated on a yearly basis to 

establish a comparison of these factors.  Land use and habitat characteristics up to twenty 

channel widths on each side of the stream are to be noted and recorded.  Changes within the 

collection area can be tracked and the impact on the receiving stream evaluated.  As a minimum,

several clear photographs of the collection site, showing vegetation and bank or bed condition, 

should be taken. 
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If a further evaluation of the collection site is required then follow the EPA protocols 

described in the document Rapid Bioassessment Protocols for Use in Streams and Rivers:  

Benthic Macroinvertebrates and Fish (USEPA 1989).  This document will lead you to other 

documents in this series and full evaluations of biological aspects of each site may be conducted.  

An inte

t 

ifferent 

ampling criteria previously described 

would l 

each collection event (ambient flow or 

storm f s add 

grated assessment that compares habitat and biological measures with empirically 

defined reference conditions is described in these EPA documents. 

3.5.3   Frequency Of Sampling 

 

Use the sampling station selection criteria and your knowledge of the watershed to selec

an appropriate number of sampling sites along the receiving stream.  Each watershed is d

so use your judgment as to the number of sampling sites.  S

dictate sampling at the beginning of the stream or the beginning of your extra-territoria

jurisdiction.  Sampling the flow when there are significant changes in land use and sampling 

before the stream reaches a receiving stream of equal or greater size (order) is important.  As a 

minimum a stream will have two sampling stations while typical urban watersheds may have 

five to ten sites that are strategically placed to show the contributors to the pollutant stream.   

The analysis of your samples may be an expensive process so consider the number of 

samples taken during each sampling event and the number of sampling events per year you are 

anticipating.  Since you are sampling the ambient waters and storm runoff you should sample 

frequently enough to obtain sufficient data to develop statistically valid conclusions about your 

watershed.  Collecting three samples at each site during 

low) will allow a more statistically correct sampling methodology.  Multiple sample

to the expense of processing the samples so consider the final goal of the sampling program.   
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Sampling the baseflow twice during each year in order to determine seasonal chang

then sampling two or three storm events will give a good statistical basis for comparison

add dry-weather outfall data to this data set you can begin to build a statistical pi

es and 

.  If you 

cture of your 

watershed and the municipal impact within it. 

Your sampling collections should account for seasonal changes in rainfall periods and 

tions.  When trying to sample for urban runoff, schedule some of your sampling 

efforts 

 

 

 is 

le with the first flush at each collection site and then a 

compos

land use applica

during worst case scenarios.  Sampling during heavy rainfall will show a wide variance 

for many of the testing parameters.  Sampling during snow melt will give an indication of the

salt and urea that are washing off into the receiving stream.  Local conditions will indicate the 

best time to sample.  Sampling after an extended dry period or drought may give a false 

impression of the pollutant buildup for normal conditions. 

Whether you decide to take grab samples or composite samples is up to you.  Studies

conducted by EPA have shown that the pollutants in storm runoff are different during different 

periods of the runoff.  The first flush of water into the receiving stream from a drainage basin

thought to contain the largest amount of pollutants while runoff later in the flow may have more 

sediment or other types of specific pollutants.  Collection of as much data as possible is usually 

good technique.  Collecting a grab samp

ite sample through the first four hours of the event is also a good procedure but difficult 

to accomplish without automated samplers or multiple collection crews.  This is your monitoring 

program and your data set so decide on which type of sampling and use the same method each 

time for ease of comparison and statistical consistency. 

After implementation of BMPs to control pollutants in urban runoff your sampling 

should be conducted to try to determine the impact these BMPs are having on the storm water 
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runoff.  You may have to adjust your sampling schedule or location to best determine the 

effectiveness of the BMPs.  Shifting location of an established sampling site should be 

accomplished judiciously in order to have a supportive data set for comparison. 

 

3.6    Collection Of Samples 

  

This discussion will be limited to dry-weather collection of ambient stream water.  Wet-

weather sampling will be considered in a following section.  Collecting samples of ambient 

waters from the receiving stream is not greatly different from collecting samples from outfalls.

In this case you will probably have a greater depth of water with which to work.  Multi-probe 

devices can be use

  

d to collect and store a large amount of data for later retrieval.  Several of the 

multi-probe devices can be left in place for hours or days and allowed to collect a complete 

profile of data.  These data can be downloaded into a personal computer and provide parametric 

profiles of data observed over a complete 24 hour period.  These types of data are especially 

useful if you are concerned about the dissolved oxygen levels in a stream during the hours before 

sunrise.  Remember to stand downstream from the sampling point if you are going to hand carry 

the sampling devices into the stream.   

First fill out the collection form.  If you do not have your own then make one similar to 

the wet weather collection form shown in Chapter 3 Appendix E.  If you are using a commercial 

laboratory to perform sample analysis they should provide a custody form for sample control.  

You will still need your own form to record observations, in addition to the custody data.  

Collection of samples may be accomplished by getting into the stream or by use of a grab sample 

 the pole.  Hold the sample bottle open against the flow of water and allow the stream to flow past
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opening for at least 15 seconds before capping the bottle under water.  If using a grab sample 

 as little air in the sample bottle as possible before capping and placing the 

se a 

t 

ws a 

esting 

pole try to have

sample on ice for transport back to the lab.  Based upon the conditions, you may have to u

plastic bucket and synthetic rope to obtain a sample of the ambient flow.  Wash the bucket ou

with stream water at each location before collecting a sample.  Get a bucket full of the ambient 

waters and put your multi-probe into the bucket.  If you are collecting turbidity parameters with 

a multi-probe device, you may want to cover the top of the bucket with a towel to block out the 

light.  Some multi-probe turbidity devices work best in low light conditions.  Figure 3-3 sho

typical testing setup from the back of a utility vehicle.  While you are waiting for your t

instruments to establish a stabilized reading is an excellent time to make sure your paperwork is 

filled in properly. 

 

Figure 3-3   Typical Testing Of Water Sample From A Bucket Using A Multi-Probe Device. 
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3.7   Parameters 

  

P tion durin ill be 

determined by your evaluation of the watershed and the condition of the ambient waters and 

s established oring program and 

s rm w  then testing to determine the impact of these 

BMPs is appropriate.  Requirements of t itoring programs may also 

drive your parametric choices.  Table 4-1 contains a list of parameters that are required by 

s f you are eters 

specifically then select those parameters that will support your selection of BMPs under NPDES 

Phase II.  For instance, if you selected a BMP of increased street sweeping then testing for 

sediment or Total Suspended Solids (TSS) in the runoff would be appropriate.  You may also 

want to test specifically for those parameters that indicate the health and character of the stream.  

The characteristics of the watershed and sub-watershed will drive the character of the testing. 

 The American Society of Civil Engineers (ASCE) provided similar direction in their 

publication of a National Storm Water Best Management Practices Database

arameters selected for evalua g baseflow and urban storm water runoff w

treambeds.  Once you have  your goals for the urban runoff-monit

elected BMPs to influence the sto ater runoff

he federal, state and local mon

everal regulatory programs.  I not directed to test for any of these param

 when they 

recommended that the water quality parameters shown in Table 3-2 be used to select a battery of 

parameters for the evaluation of BMPs used in storm water and urban runoff pollutant control.  

Once again, the selection of parameters falls to the judgment of the MS4 operator or the person 

in charge of the Storm Water Quality Monitoring Program  (ASCE 1999). 
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Table 3-2   Recommended Water Quality Parameters Included In BMP Monitoring 

Conventional Metals 
 
Total Suspended Solids (TSS) 

 
Total and Dissolved Cadmium (TCd & DCd) 

 
Total Dissolved Solids (TDS) 

 
Total and Dissolved Copper (DCu & DCu) 

 
Total Hardness (as CaCO3) 

 
Total and Dissolved Lead  (TPb & DPb) 

 
Total Organic Carbon (TOC) 

 
Total and Dissolved Zinc (TZn & DZn) 

 
Chemical Oxygen Demand (COD) 

 
Nutrients 

 
Water Temperature (Temp) 

 
Total Kjeldahl Nitrogen (TKN) 

 
pH (pH) 

 
Nitrate + Nitrite (NO2 + NO3) 

 
Total Oil and Grease (Optional) 

 
Ammonia (NH3 – N) 

 
Specific Conductance @ 25 °C 

 
Total and Soluble Phosphorous (TP & SP) 

 
Alkalinity 

 
Orthophosphate (PO4 - P) 

(ASCE 1999, USEPA 1998) 

 

3.8   Summary 

 

 This section has attempted to outline some of the procedures for conducting a field 

inventory of the outfalls within the receiving stream.  A listing of suggested equipment was 

made and a data form for initial inventory was provided.  As the “crew” conducting the 

inventory becomes more proficient, equipment lists and procedures specific to the location will 

be refined.   

 In addition, suggestions and recommendations were given for finding the best sampling 

sites for the determination of ambient and storm runoff water quality.   

Development of a monitoring and assessment program should be based on a knowledge 

of the water quality of ambient receiving stream waters.  A bioassessment checklist is provided 

in the appendices (Chapter 3, Appendix D) and direction to further analysis criteria is given.  
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Recommendations for the frequency and sche ng were made and the actual 

mpling of the receiving stream during dry-weather conditions was discussed. 

dule of sampli

sa
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SECTION 4 

 

4.1   Outfall Inspection 

 

You, the MS4 operator, have “walked” the receiving waters and drainage system and 

determined the location of the outfalls.  You have indicated these out

4.0 DRY WEATHER SAMPLE COLLECTION AND ANALYSIS 

 

falls on the map of the 

watersh e 

propriate rules and regulations found in the 

Clean W

 a 

ou 

on the f

drainage system is a good BMP. 

an be 

ed.  It has been at least three days since the last rainfall and you are ready to commenc

your inspection for illicit pollutant entries into your storm drainage system.  You will be 

conducting this inspection in accordance with the ap

ater Act, the NPDES program guidance, Phase II of that program and any other 

mandates impressed upon you by the municipal directors.  In other words, “It’s time to go take

look.”   

The decision of when and where to “start” is left up to your analysis and careful 

planning.  The NPDES Phase II guidance and the Storm Water Management Plan will direct y

requency of observation so make a schedule and consult the weather information for the 

time of last rainfall.  You should not conduct any dry-weather observations within 72 hours of 

the last significant (0.1 inch or greater) rainfall.  You will also need to consult any notes you 

took when you first inventoried the outfalls.  It is not necessary to walk the entire drainage 

system each time you inspect.  Use your map and go to the outfall locations.  However, if you 

want to stay current then a yearly inspection of the entire 

As part of the illicit connection elimination program you will be required to periodically 

monitor all of the outfalls.  A good record of those outfalls visited and the date of visit c
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maintained by making sure that a Dry-Weather Monitoring Form (Chapter 3, Appendix C) is 

filled out and filed in program monitored.  If there are a 

large number of outfalls within your jurisdiction then you need to set a percentage for periodic 

inspect

 

 

 for in illicit outflows.  The murky 

discharge at the outfall, in the middle of a recently constructed, upscale housing area may be an 

investigative challenge or it may be a case of over-watering of new lawns and erodible soils.  

The outflow coming from an industrial area should have some built-in “priority area” clues.   

 then 

 

 

en there is most likely to be an increase  

in wast trial 

 documentation each time an outfall is 

ion.  NPDES Phase II guidance allows you some flexibility in this area, depending on the 

conditions, so look at the guidance closely before you decide on your selection of outfalls to 

monitor.  A good rule of thumb is to observe each outfall twice within a 24-hour period.  This

timing should allow for observations at different periods of the day. 

A good place to start your evaluation would be at any outfalls you found with a flow 

during the initial survey.  After a close investigation of these outfalls you may have to develop a

corrective action plan and document your efforts.   

Your persistence is paramount in the monitoring process.  The priority area outfalls can 

give you some idea of both where to look and what to look

Frequently a change of observation time may make a difference.  If you can see evidence 

of dry-weather flow, but you are not able to collect any discharge, then consider varying the time 

of monitoring.  If you think the illicit outflow may be from an industrial wash down process

you should go to the outfall as the work shift changes or during the clean-up period for that

particular industry.  If you think that the outflow may be from faulty sanitary sewer connections

then monitor wh

ewater flow from showers or other movements of wastewater.  Members of the indus

pre-treatment section (if available) will be valuable allies in this investigative process. 
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4.2  Dry-Weather Flow Or Base Flow 

 

Illicit entries into storm water systems require quantification of specific characterist

the observed outfall baseflow.  Unfortunately, “no flow - no illicit entry” is not an appropriate 

conclusion.  Man

ics of 

y types of illicit, inadvertent or inappropriate entries into an MS4 are of an 

intermittent nature and may only be present during periods of actual input, of elevated water 

 as wash water).  Review Table 

ittent entries will leave 

g 

he regulatory program 

driving the collection effort.  Parametric requirements may also vary within the watershed, 

depending on the priority area under consideration and the likelihood of occurrence.  As a 

general rule of thumb  “You can only find those items for which you test and maybe not then” 

(Waller 1998). 

Table 4-1 lists those recommended chemical parameters based on the source of the 

ition, Table 4-1 lists the capabilities of a 

table or upon being “floated” by a source of periodic runoff (such

1-2 for inappropriate entry flow characteristics.  Generally, these interm

behind some indication of their passing.  Impacts upon vegetation, stains upon the conveyance, 

as well as odor or color in the receiving waters and sediments are all indications of inappropriate 

entries when no actual flow may be present at the outfall. 

 

4.3   Parameters 

 

The parametric requirements (what you’re going out to look for) vary with the receivin

water, the particular watershed, the expectations of the MS4 operator and t

regulatory program driving the monitoring effort.  In add
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multi-probe sampling device, such as a Datasonde 4® from Hydrolab Corporation (Hydrolab – 

pany, Loveland, CO)  and a multi-frequency spectral analysis kit used for laboratory 

and field chemical analysis of water samples.  The kit referenced in Table 4-1 is known as a 

Smart Colorimeter™ and is available from LaMotte Inc (LaMotte Company, Chestertown, 

Maryland).  See figure below for a typical set of equipment and testing reagents for the Smart 

Colorimeter™.   

Hach Com

 

Figure 4-1  Smart Colorimeter™ And Water Testing Equipment  
Source:  LaMotte Corporation 

There are other types of multi-probe sampling devices and water-sampling kits available from 

other manufacturers.  The inclusion of these two devices is only as an indication of some of the 

tools available to the small, regulated MS4 operator. 

The multi-probe Datasonde 4® and the Smart Colorimeter™ are both EPA-Accepted 

instruments.  EPA-Accepted means that the instruments meet the requirements for multi-probes 
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and colorimeters as found in test procedures that are approved for National Primary Drinking 

W liance monitoring programs.  EPA-Accepted instruments 

ay be used with approved test procedures without additional approval.   

ater Regulations or NPDES comp

m

 

Figure 4-2  Hydrolab Datasonde® Multi-Probe Device  

As can be seen from Table 4-1, neither of these two tools is capable of accomplishing all 

of the complete range of tests.  In addition, some of the parameters in question are evaluated by 

direct observation of the outfall and its effluent.  Chapter 3, Appendix C contains a visual 

observation checklist for use during dry-weather observation of outfalls.  In addition to dry-

weather physical observations, some of the chemical parameters can be obtained, in the field, at 

the outfall location, using field analysis procedures.  While this field analysis is timely, it is 

usually much easier, more cost effective and more accurate to collect samples in the field and 

transport them to a laboratory for later analysis.  A good rule of thumb here is to take readings on 

those parameters most easily obtained in the field and transport the samples for analysis under 

controlled conditions for the rest. 

Source:  Hydrolab Corporation 
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4.3.1 Samp w 

 

ou conduc the initial entory of ou alls you de ined the type and amount 

o  you took with you.  Th  same is true of conducting dry-weather outfall and 

b ng.  Tab  4-2 contain  some suggestions of equipment to take along with 

you.    These outfalls are now precisely located and numbered and you’re going out to conduct 

outfall and base flow monitoring and collect samples of illicit effluent, if necessary.  You should 

b o the closest access point and take sa ling bottles and equipment directly to 

the outfall in question.  A field pack or backpack fitted with collection and testing equipment 

w onitoring process easier.  Hopefully, you can directly access the outfall 

m location and ta  any necessary samples from one location.   

bient water or base flow sam shed in mu e way except you 

now proceed to the sampling collection site and take samples from the receiving waters at that 

l

ling The Flo

When y ted inv tf term

f equipment that  e

ase flow monitori le s

e able to drive t mp

ill make the m

onitoring ke

Am pling is accompli ch the sam

ocation.   
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Table 4-1:  Illicit Connection and Ambient Water Quality Testing Recommendations 

 
Pollutant Test 

 
PA Illicit 

 

 
PDES 

State Surface 
ater Quality 

Multi-
ensor 

 
Smart  
Colorimeter™ 

E
Connections

N
Phase II 

W
Sampling 

S
Probe 

Aluminum X  X  X 
Ammonia 

X X Concentration 
 

X 
   

X 
 

Biochemi
Oxygen D

cal 
emand5

   
X 

  

Bromine X    X 
Chemical Oxygen 
Demand 

   
X 

  
X 

Chlorine 
Concentration X 

 
X 

 
X 

 
X 

  

Chlorine Dioxide XX     
Chromium, Tri 

xavalent Xand He
   

X 
  

 
Chromium, Total   X  X 
Color X X    
Copper X X   X  
Cyanide   X   
Cyanuric Acid X     
Damage to X     
Outfall 
Deposits X X    
Detergent X  X  X 
Dissolved X  X X 
Oxygen 

 

E. coli X X X   
Floatable Matter X X    
Fluoride X X X  X 
Hardness X X    
Hydrazine X    X 
Hydrogen 
Peroxi

X    X 
de 

Iron X  X  X 
Iodine   X  X 
Manganese X    X 
Mercury   X   
Molybdenum X  X  X 
Nickel X  X  X 
Nitrate-Nitrogen X  X  X 
Nitrite-Nitrogen X  X  X 
Odor X X    
Ozone X    X 
pH X X X X X 
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Table 4-1:  Illicit Connection And Ambient Water Quality Testing Recommendations 
(Continued) 

 
 
Pollutant Test 

 
EPA Illicit 

on
NPDES State Surface 

 
Multi-

 
Smart 

orimeterC nections Phase II Water Quality Sensor Col

  

Sampling Probe ™ 
Phenols X X  X  
Phosphate X  X  X 
Potassium  X X X  X 
Selenium   X   
Silica X  X  X 
S
Conductivity 

pecific  
X 

 
X 

 
X 

 
X 

 

Stains X X    
S X ulfate   X  
Sulfide    X  
Surfactants X    X 
Tannin X    X 
Temperature  X X  X 
T
Solids (TDS) 

  otal Dissolved    
X X 

T   oxicity Tests X  X 
Turbidity X X  X X 
V n   egetatio X X  
Zinc   X  X 
(Hydrolab 2003, LaMotte 1997, Pitt et al. 1993, TNRCC 1999a, USEPA 1999)  

 

4.3.2   Observations 

outfall e arrived at the 

appropriate location.  Your first observation or question should be, “Do I have the correct 

outfall?”  Your second observation should be, “Does it have any visible flow coming out of it?”  

If there is flow coming from the outfall then you need to characterize the outflow in such a way 

that you can start to determine the potential source of the flow.  Items such as color, odor, oil 

sheen, scum, suds, foam or floating objects will help to determine the possible origin of the flow.   

 

Using the  map you have determined the outfall number and hav
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Table 4-2   Equipment For Outfall Monitoring 

Item Use 

Clipboard Holds forms for collection effort 
 

Sampling containers Type depends on the type of sampling being accomplished 

(.5 to 1 liter) as well as plastic bottles with waterproof labels. 
Usually glass with Teflon coated lids and waterproof labels   

 
White plastic bucket 
and nylon rope 

Collects slow or low flows for sampling or draw samples from larger 
outflows.  It always helps to observe the outflow if the bucket is white. 
 

Multi-probe device Collection of some parametric measurements in situ.  Multiple smaller 
field meters can be used in place of one multi-probe device.  

 
(Thermometer, Specific Conductivity Meter, Dissolved Oxygen Meter) 

Grab sampler This can be a jar that fits on the end of your walking stick 
 

Walking stick Provides stability on the slopes and used to obtain samples or for 
poking a suspicious item. 
 

Sampler for low flows This can be a vacuum pump or a poultry baster. 
 

Map of the outfalls Helps determine the outfall being monitored 
 

Watch  Helps to evaluate flow on low flow situations 
 

Flow meter Helps to evaluate significant flows 
 

Analyzer Portable device to determine those parameters that you decide are 
necessary for field collection (ammonia, chlorine and pH) 
 

Rubber gloves Remember, you’re dealing with pollutants from an outfall 
 

De-ionized water Used to rinse equipment between samples 
 

Ice chest and ice Keeps samples cold for transport back to the laboratory.   
 

Waders If necessary 
 

Boat If necessary 
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Take a sample of the effluent by allowing the flow to run into a clean glass jar with a 

Teflon lined lid or any other approved container for transport back to your laboratory.  If you 

have a multi-probe device and the outflow is deep enough, put it in the water and let it stabilize 

for a minute or two and then collect the available readings.  If the water is not flowing deep 

enough for submersion of the multi-probe, collect the flow in a plastic bucket and place the 

multi-p  

k of a pickup truck or van. 

ook at the flow and estimate how much is coming out of the outfall.  If the flow is 

s to determine how long it takes to fill a quart jar.  One quart in 

one minute equals sixty quarts per hour etc…  You’re trying to determine how much of this flow 

is comi

 move on 

 

ably sure that 

the wat

robe in it and let it work.  Do not take samples from this bucket until you have rinsed it

out with flow water.  Collect at least one quart (or liter if you’re into metrics) and place it in an 

ice chest to keep it cold for transport back to the lab for later analysis.  Collect smaller samples 

and perform any field-testing you have decided is necessary.  Much of this type of field analysis 

with a portable device can be performed from the bac

L

small, use one of your container

ng out of the pipe so you can determine the impact to the receiving waters and the 

potential source of the flow.  Calculations of flow in gallons per day or cubic feet per second are 

best accomplished in the air-conditioned office so gather the necessary information and

to the next observation. 

If there is no flow coming out of the outfall but there is pooled water in the pipe or in the

outfall area, you must decide if this water came out of this outfall.  If you’re reason

er came from the outfall and is not a part of the receiving waters, sample and observe this 

water as you would if it came from the outfall.  This assumes that you didn’t step into the pool 

on your way to look into the outfall.  This type of disturbance really plays havoc with any 

turbidity or clarity readings that you intended to take.  Try to make these observations before 
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contaminating the standing water.  If there is just a little pooled water in the end of the outfall, 

this water may be the only sample available.  Use of a pumping device to pick up this water for 

later analysis may be necessary.  Use of a tube and suction bulb may help you obtain the water 

withou es 

rk.  

Don’t g  

ly.  

4.3.3   

nd 

 

esence of pollutants.   

Physical characteristics are frequently as important as the chemical analysis performed in 

the lab.  Odor of a discharge can give a clue to the source of contamination.  If the flow is from 

an industrial source, the flow will probably smell like the spoiled product of the industry, 

cleaning materials, fuel or other specific chemicals.  A rotten egg smell from the flow indicates 

t disturbing the sediments.  If you’re on a tight budget, the use of a poultry baster serv

the same purpose and can be cleaned with deionized or distilled water and reused as necessary. 

While you’re in the area of the outfall, look for any unusual pipes or ditches that have 

been added since the last time you were there.  Note them and their location on your paperwo

et sidetracked with the outfall.  Determine if there is any overland flow in the vicinity of

the outfall that could be adding pollutants to the stream and make notes on the form according

Overland flow may be the results of a plugged MS4. 

 

Physical Characteristics 

 

Frequently you will be able to determine that an outflow is contaminated without 

performing any chemical analysis.  Observations go a long way in making this determination a

those tests that are best performed at the site are essential to the data collection effort.  

Parameters such as color, odor, temperature and floatables help to determine the source of the 

pollutants.  Observations such as deposits and stains or vegetation that is significantly different

from the surrounding area are indications of the potential pr
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that the flow contains organic waste products and possibly other pollutants.  Industries involved 

quently contribute to this odor.  

If the o

 

ave their color behind on the outfall walls. 

, oils, 

ted 

ering in the pipe may be an 

indicati

t 

ul not to remove excessive amounts of the outfall pipe as this will 

deterio

with the production of dairy products or meats and vegetables fre

utflow is caused by sanitary sewer water then this smell may also be present. 

Color is another important indicator.  Dark brown, gray or black discharges from an 

outfall are good indications that the effluent is not spring water.  If the source of the effluent is

wash water from surfaces or work area cleaning, the discharge may be intermittent and more 

difficult to trace.  Some intermittent flows may le

Floatables often contain a visible signature of the pollution source.  Spoiled foods

plant parts, foam, fuel, packing materials, sanitary napkins, fecal matter and condoms are all 

indicative of their source of pollution.  Figure 4-3 is a view of the typical floatables associa

with urban runoff.   

Stains, deposits or residues are also indicative of what type of pollutant has passed from 

the pipe but may not be present in the outflow.  Sediment lay

on of construction within the MS4 collection area.  Oils and greases frequently adhere to 

the walls of the outfall pipe.  The color of stains or deposits is a good clue to the origin of the 

pollutant.  Bits of floatables may be embedded in the deposits and there may be chemicals tha

have coated the pipe giving an indication as to the type of pollutant.  When taking a sample of 

the deposit or stain, be caref

rate the pipe and possibly contaminate the sample.   
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Figure 4-3   Typical Floatable Materials Found In Urban Runoff 
 

Turbidity is a measure of water clarity and is independent of color.  The turbidity of the 

water tells us how much gross contamination is present.  Sanitary wastewater is often cloudy or 

murky while industrial wash water may be clear, cloudy or opaque.  Washing of construction 

equipment often produces sediment runoff, which will cause turbidity in character with the type 

of soil or construction material being removed.   

Dead animals are usually a clear indication of a problem.  The problem with this 

indication is the actual location of the pollutant.  A reconnaissance both up- and downstream 

from the outfall should help determine if the source of the pollutant was from this outfall.  

Pooling and habitat attractions are also considerations when investigating the presence of dead 

animals.  If you can determine how they died then make a note of the source or gather up some 

of the carcasses for tissue analysis by a certified laboratory. 
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Temperature may be an indication of thermal pollution.  Temperature is an indication that 

trial activity such as water from a cooling tower 

ay indicate that the flow contains chemicals to retard the growth of algae or 

or 

y metals will cause 

hly toxic, dry weather effluents 

from th

, removal of any paint or severe scouring 

are all i

w 

 

the source of the effluent may be from an indus

or a boiler and m

other cooling tower requirements.  Temperature may also be an indication that the flow comes 

from sanitary wastewater.  

Vegetation is a good indicator of pollutants.  Nutrients in the effluent, such as nitrogen 

potassium may cause the vegetation to flourish while herbicides or some heav

the vegetation to die.  When looking at the vegetation around the outfall be sure to determine if 

this vegetation is appropriate for the time of year and current rainfall conditions.  Poor plant 

growth or cleared off areas may mean that the storm flows or hig

e outfall have removed the vegetation in the vicinity or damaged it to the point of 

destruction.   

Damage to the outfall is a good indication of both continual or intermittent industrial 

discharge contamination.  Erosion of the concrete pipe

ndications of contaminated discharges.  Erosion of the soil from around the outfall pipe 

and breaking of the pipe may not be caused by contaminated discharges, but by flows in the area 

outside the design of the outfall construction.  In many cases, the storm drainage systems were 

built before urban development upstream from the outfall occurred.  The increase in storm flo

from upstream may cause deterioration of the outfall downstream and is a consideration when

trying to determine the source of damage to an outfall. 
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4.3.4 Chemical Parameters 

  

Chemical tests are needed to supplement the physical information.  Chemical tests are capable o

quantifying the approximate contents of the flow from the outfall.  Dry-weather discharges

likely to be a complex mixture of co

f 

 are 

mponents and may be composed of multiple source flows 

combin

s 

ements.  These devices are engineered for the collection of both physical and 

chemic s the 

nded 

te or 

re 

emical parameter test in Table 4-1.  This 

explana cial 

ed into a potent mixture of pollutant and non-pollutant compounds.   

 Some samples are best looked at in the field.  Analysis for dissolved gases such as 

dissolved oxygen and carbon dioxide should be conducted at the site.  Samples for these tests, a

well as pH, cannot be stored adequately for later examination.   

Multi-sensor probes are usually relatively expensive and can have fairly rigorous 

calibration requir

al parameters under field conditions.  Their use is a convenience that greatly increase

value of information gathered under field conditions. 

For those tests conducted in the laboratory, it may be necessary to remove the suspe

particles from the sample water.  Reagent systems, whether EPA, Standard Methods, LaMot

any of several other testing equipment manufacturers, will generally only determine dissolved 

constituents.  Both EPA and Standard Methods suggest filtration of natural waters through a 

0.45-micron filter membrane, to remove turbid particles or suspended sediments, for a mo

accurate determination of dissolved constituents.  (APHA 1989, USEPA 1998) 

Following is a short explanation of each ch

tion will allow the MS4 operator to determine if there are any areas that need spe

testing or if there are tests available that do not need to be performed because of the probable 
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lack of the pollutant in the sample.  In most of the following descriptions, the test method is 

given and then there follows a general explanation of where the pollutant is most commonly 

found or the industry most commonly associated with it.  If appropriate, the potential toxicity o

the pollutant is stated.  The test method, in most cases, comes from the use of a LaMotte Smart 

Colorimeter™ (LaMotte 1997) as indicated on Tab

f 

le 4-1.  Other colorimetric devices may 

require different test methodology. 

Aluminum by the Eriochrome Cyanine R method.  Aluminum is the third most common

element in the earth’s crust, which accounts for its wide appearance in many water samples.  

Aluminum exists in water as soluble salts, colloidal compounds, and insoluble compounds.  In 

wastewater that has been treated by alum coagulation it will appear in one or more of the above

forms.  Properly treated drinking water should have an aluminum concentration belo

 

 

w 0.05 mg/L 

(USEPA 1996). 

Ammonia Nitrogen by the Nesslerization method.  Ammonia nitrogen is present in 

various concentrations in many surface and ground water supplies.  Any sudden change in the 

concentration of ammonia nitrogen in a water supply is cause for suspicion.  A product of 

microbiological activity, ammonia nitrogen is sometimes accepted as chemical evidence of 

pollution when encountered in natural waters.  Special bacteria groups that produce nitrate a

nitrite rapidly oxidize ammonia in natural water syste

nd 

ms.  This oxidation requires that dissolved 

oxygen be available in the water.  Ammonia is an additional source of nitrogen and may 

contribute to the expanded growth of undesirable algae and other forms of plant growth that 

overload the natural system and cause pollution.   

Biochemical Oxygen Demand by the five-day incubation method (BOD5).  This 

procedure is a measurement of the amount of oxygen consumed in the biological processes that 
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break down organic matter in water.  BOD5 is an indication of the degree of pollution.  This tes

is not usually accomplished without access to a laboratory with a biological grade incubator.  

t 

BOD5 cannot be performed with a multi-probe or a colorimetric device.  High BOD5 readings 

are usually from sewage wastewater or from industrial processes that contain large amounts of 

organic products in their processed wastewater.   

Bromine by the Diethyl-p-phenylene Diamine (DPD) method.  Bromine is an effective 

germic , food 

dly 

 

idal agent employed in drinking water treatment, pool and spa water disinfections

service sanitation, and other public health applications.  Bromine in aqueous solutions is not 

stable, and the bromine content of samples or solutions, particularly weak solutions, will rapi

decrease.  Exposure to sunlight or agitation will accelerate the reduction of bromine present in

such solutions.  Samples to be analyzed for bromine cannot be preserved or stored. 

Chemical Oxygen Demand by the Mercury Free Dichromate Digestion method.  

Chemical Oxygen Demand (COD) is a measure of the amount of organic matter in water whi

is susceptible to oxidation by chemical oxidants.  COD can be empirically related to the BOD 

and organic carbon content of a specific source of water.  This correlation must be determined 

experimentally for

ch 

 each source of water.  Dichromate in the presence of silver salts, at high 

temperature in a closed system, oxidizes most organic compounds to 95-100 percent of the 

theoretical amount.  This process is called digestion. 

Chlorine by the DPD method.  Chlorine is the most commonly used disinfectant.  I

effective against a wide range of microorganisms, the cost is low and the method for applying it 

has been well developed.  Chlorine concentrations in the range of 0.1 to 0.4 ppm are usually 

maintained in municipal drinking water supplies.  The presence of chlorine in concentration

above 0.5 ppm should be considered evidence of pollution from chlorine treated effl

t is 

s 

uents or 
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from a 

93). 

process in which high concentrations of chlorine are used.  In vapor form chlorine is a 

toxic irritant and attacks the skin and mucous membranes of the eyes and nose (Manahan 19

Chlorine Dioxide by the DPD method.  Chlorine dioxide is used as a substitute for 

adjunct to chlorine in water treatment.  It is better than chlorine in eliminating taste and odor in 

some cases.  Chlorine dioxide does not produce carcinogenic chlorinated organic compou

can be found in drin

and an 

nds.  It 

king and pool waters as well as domestic and industrial wastewater. 

Chromium (Hexavalent and Trivalent) by the Diphenylcarbohydrazide method.  

Chromium may be present in water containing waste from industries such as metal plating, or in 

overflow water from large air conditioning units where chromate compounds are frequently 

added to cooling water to control corrosion.  The hexavalent form is considered to be a toxic 

chemic

 

 

w 

al and, if present in an amount over 0.5 ppm, is evidence of contamination from untreated 

or incompletely treated industrial wastewater.  Chromium is one of a class of heavy metals found

in the sediment of polluted bodies of water.  The trivalent form is essential for life while the 

hexavalent form is the more toxic of the two (Manahan 1993).  Analyze for chromium as quickly

as possible after sample collection since storage in glass or plastic containers may result in lo

chromate values. 

Copper by the Diethylditheocarbamate method.  The copper content of drinking wate

generally falls below 0.03 ppm, but copper levels as high as 1.0 ppm will give water a bitter

taste.  Waters testing as high as 1.0 pp

r 

 

m copper have probably been treated with a copper 

compound, like those used in the control of algae, or have become contaminated from untreated 

industrial wastes.  Copper in a bio-available form is very toxic to aquatic organisms.  When 

taking a sample, remember that copper has a tendency to be adsorbed to the surface of the 

sample container.  Samples should be analyzed as soon as possible after collection. 
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Cyanide by the Pyridine-Barbituric Acid method.  The presence of cyanide in water h

significant effect on the biological activity of the system.  Cyanides may exist in water in a 

variety of forms which vary

as a 

 in toxicity.  Cyanide is a by-product of industrial waste from 

petrole zed as um refining and plating.  Cyanide solutions tend to be unstable and should be analy

soon as possible.  Low level concentrations are frequently found in drinking, surface and 

industrial waters.   

Cyanuric Acid by the Melamine Method.  Cyanuric acid is added to swimming pool 

water as a stabilizing agent for free chlorine residuals.  It minimizes the loss of chlorine from th

action of ultraviolet rays.  Cyanuric acid is a good indicator of runoff from swimming pool 

drainage. 

e 

Dissolved Oxygen by the Multi-sensor Probe or Winkler Colorimetric method.  Naturally 

present, dissolved oxygen enters the water when plants photosynthesize.  Wind and wave ac

also cause oxygen from the air to dissolve into water.  Dissolved oxygen is consumed by aq

animals and by the oxidation or chemical breakdown of dead and decaying plants an

tion 

uatic 

d animals.  

The co

or atmospheric pressure and therefore be able to calculate a 

percent

ncentration of dissolved oxygen in natural waters can range from 0 to 14 ppm and is 

effected by temperature, atmospheric pressure and salinity.  Use of a multi-sensor probe is a 

rapid method of analysis and is appropriate for field-testing.  This device may also have the 

built-in ability to compensate f

age of O2 saturation reading. 

Fluoride by the SPADNS Reagent method.  Fluoride may occur naturally in som

waters or it may be added to public drinking water supplies to maintain a 1.0 mg/L concentrati

to prevent dental cavities.  At higher concentrations, fluoride may produce an objectionable

discoloration of tooth enamel called

e ground 

on 

 

 fluorosis although levels up to 8 mg/l have not been found 
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to be ph

 

ysiologically harmful.  Presence may indicate contamination by drinking or surface 

waters as well as domestic and industrial wastewater.  In vapor form it is irritating to the mucous

membranes (Mahan 1993). 

Hydrogen Peroxide by the DPD method.  Hydrogen peroxide, H2O2, is a colorless 

compound that is widely used as a bleaching or decolorizing agent in the manufacture of many 

commercial products.  As an oxidizing compound it is frequently used in the treatment of sewage 

to redu  

es 

 treated water. 

ce odors and corrosion due to hydrogen sulfide.  It may also be used as a sanitizing agent

for water treatment.  Hydrogen peroxide is relatively unstable, and for this reason it dissipat

quickly and leaves no residuals.  Presence of hydrogen peroxide is an indication of industrial 

waste or

Iodine by the DPD method.  Like chlorine and bromine, iodine is an effective germici

agent employed in drinking water treatment, pool and spa water disinfections, food service 

sanitation and other public health applications.  Iodine is irritating to the skin and mucous 

membranes if in vapor form or in higher concentrations in water (Manahan 1993).  

Iron by the Bipyridyl method.

dal 

  Most natural waters contain some iron.  Presence of iron 

may vary from small traces to very large amounts in water which is contaminated by acid mine 

wastes  .  For domestic use the concentration should not exceed 0.2 ppm.  Higher quantities are an

indication of industrial waste. 

Manganese by the PAN method.  Manganese may be found in surface waters in vario

oxidation states.  It may be present as soluble complexes or as suspended compounds.  

Manganese is rarely present in excess of 1 ppm.  It may cause an objectionable taste o

us 

r cause 

staining problems but seldom produces any health hazard.  Manganese in large amounts is 

usually a sign of industrial waste.  
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Molybdenum by the Thioglycolate method.  Molybdenum occurs naturally in the earth

crust as molybdenite and wolfenite and is an important element in many biochemical reaction

including nitrogen fixation.  In industrial processes, such as the operation of boilers and c

’s 

s, 

ooling 

towers fe , molybdenum, in the form of sodium molybdate, is used as an environmentally sa

corrosion inhibitor.  Presence in other than small amounts is usually an indication of industrial 

wastewater. 

Nickel by the Dimethylglyoxime method.  Nickel is not usually found in natural waters 

except as a result of contamination from industrial wastewater or as a corrosion product of 

stainless steel and nickel alloys.  Nickel may also enter surface waters from plating bath proces

water.   

Nitrate-Nitrogen by the Cadmium R

s 

eduction method.  Nitrogen is essential for plant 

growth

 

, but the presence of excessive amounts in water supplies presents a major pollution 

problem.  Nitrogen compounds may enter water as nitrates or be converted to nitrates from 

agricultural fertilizers, sewage, industrial and packing house wastes, drainage from livestock 

feeding areas, farm manures and legumes.  Nitrates in conjunction with phosphate stimulate the

growth of algae.   

Nitrite-Nitrogen by the Diazotization method.  Nitrite represents an intermediate state in 

the nitr ining ogen cycle, usually resulting from the bacterial decomposition of compounds conta

organic nitrogen.  Under aerobic conditions bacteria oxidize ammonia to nitrites and under 

anaerobic conditions, bacteria reduce nitrates to nitrites.  Nitrites are often used as preservatives 

when added to certain foods.  Nitrite  levels in drinking water rarely exceed 0.1 ppm. 
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Ozone by the Indigo method.  Ozone is sometimes used in place of, or in conjunction 

with, chlorine or other halogens for disinfections of pool, spa, or drinking waters.  Ozone is 

extremely unstable in aqueous solutions.  In vapor form ozone is an irritant to the lungs. 

The Multi-Probe method for pH.  As the negative logarithm of the hydrogen ion 

concentration, pH is an indication of whether the water is acidic, neutral or basic in nature.  It is 

  Waters 

H values.  Sudden 

change

an index of the amount of hydrogen ions present in a substance.  Most natural waters have a pH 

value from 5.0 to 8.5.  Acidic freshly fallen rainwater may have a pH value of 5.5 to 6.0.

more acidic than pH 5.0 and more alkaline than pH 8.5 to 9.0 should be viewed with suspicion.  

Mine drainage and industrial wastes are the principal factors in suspicious p

s in pH values serve as warning signals that water quality may be adversely affected 

through the introduction of contaminants. 

Phenols by the Aminoantipyrine method.  Phenols may occur in domestic and industrial 

waste waters and in drinking water supplies.  Chlorination of waters containing phenols may 

produce odiferous and objectionable tasting chlorophenols.  Although phenol is considered 

the first antiseptic used on wounds and in surgery, it is a protoplasmic poison that damages al

kinds of cells and is alleged to have caused “an astonishing number of poisonings” (Manahan 

1993).   Natural waters seldom contain more

to be 

l 

 than 1 mg/L of phenol.  

Phosphate by the Ascorbic Acid Reduction method.  Phosphorous is an important 

nutrient for aquatic plants.  The amount found in water is generally not more than 0.1 ppm unless 

the water has become polluted from wastewater sources or excessive drainage from agricultur

areas.  Phosphate treatments in boiler and cooling water and other industrial water systems are 

often run at levels up to 100 ppm of orthophosphate. 

al 
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Potassium by the Tetraphenylboron method.  Potassium is the seventh most common 

element in the Earth’s crust.  It may be found in minor quantities in most water supplies.  It 

seldom exceeds 10 ppm in drinking water.  In some brine or runoff in agricultural areas the 

potassium concentration may reach 100 ppm. 

Silica by the Silicomolybdate method.  Silica occurs in all natural water.  Silica may be 

present as suspended, insoluble particles in a colloidal or polymeric state.  It may be present in a 

reactive

ilica 

 form or as silicate ions.  The major source of silica in natural water is from the 

decomposition of silicate minerals in the drainage basin from which the waters flow.  Low s

in dry-weather flows may indicate effluent from steam turbines or boilers. 

Sulfate by the Barium Chloride method.  The most common mineral forms of sulfur are 

iron su

nt 

d appreciable quantities of this 

compound to the watershed.  Acid mine drainage may contribute large amounts of sulfate to 

natural waters.  Other so ls, steel mills, food 

rocessing operations and municipal waste. 

lfide, lead sulfide, zinc sulfide and as calcium sulfate and magnesium sulfate.  In most 

fresh waters the sulfate ion is the second or third most abundant anion, being exceeded only by 

bicarbonate and in some cases silicate.  Sulfur, in the form of sulfate is considered an importa

nutrient element.  Mineral springs are rich in sulfate and fee

urces of sulfate include wastewater from pulp mil

p

Sulfide by the Methylene Blue method.  Sulfide occurs in many well water supplie

sometimes is formed in lakes or surface waters.  Sulfide may be found in waters receiving 

sewage or industrial wastes. Concentrations of a few hundredths of a ppm cause a noticeable 

odor.  Low concentrations are described as “musty” and high concentrations have

s and 

 the traditional 

“rotten eggs” odor.  Hydrogen sulfide is a toxic substance that acts as a respiratory depressant in 

both humans and fish.  
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Surfactants by the Bromphenol Blue method.  Surfactants are found in laundry soaps 

other cleaning solutions.  In raw sanitary wastewaters, surfactants generally range from 1 to

ppm, while natural waters usually have surfactant concentrations below 0.1 ppm.  Surfactants are

not usually f

and 

 20 

 

ound in septic tank effluent (Alhajjar et al. 1989).  Surfactants can be used to 

 identify sanitary wastewater or commercial laundry wash water  connections to storm drainage

systems.   

Tannin by the Tungsto-molybdophosphoric Acid method.  Tannin is an hydroxylated 

aromatic compounds found in discharge wastewater from paper mills, in some boiler water 

treatment, in natural brackish water and in wastewater from leather tanning plants.  The taste and 

odor of this compound is generally offensive so that control is important in many areas.   

Zinc by the Zincon method.  Zinc enters the domestic water supply from the deterioration 

of galvanized iron and brass pipes as well as from industrial wastes.  Zinc is an essential element 

for body growth and development and is an important plant nutrient.  Concentrations of zinc 

above 5.0 mg/L in drinking water can cause a bitter taste.   

 

4.4   Laboratory Analysis Of Collected Samples 

 

 Once you have safely collected your samples from the dry-weather flow, ambient 

receiving water or storm water runoff, the samples should be taken back to your work area and a 

laboratory analysis performed of the sample using the tests that you have deemed appropriate.  

Samples should be kept on ice and sampling accomplished as soon as possible.   

 For those tests that the MS4 operator is not capable of performing with the use of a multi-

probe device or colorimetric analysis kit, delivery to a certified laboratory in a timely manner is 
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necessary.  These samples are usually provided to the lab in a sterilized plastic bottle with a 

waterproof label.  Arrangem e for the sample 

container, the delivery procedures, the required quantity and the number and types of tests to be 

conducted.  

  certified lab can perform toxicity testing and tests for E. coli or other fecal indicator 

organis

 

ents should be made with the lab ahead of tim

A

ms.  Testing for general coliform bacteria is not very informative when dealing with 

ambient or storm water runoff samples.  These bacteria are found in many places in nature and 

their presence is not indicative of pollution.  The fecal coliform strains are indicators of sanitary

wastewater or septic tank contamination. 
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SECTION 5 

5.0 WET-WEATHER SAMPLING 

 

5.1   Introduction 

 

During a recent study conducted by the American Public Works Association,  NPDES 

Phase I and II cities across the United States were profiled as to their storm water programs.  In 

the published results there were ten Phase I cities responding.  Of this total nine conducted dry 

weather monitoring and all ten condu eather testing.  Some Phase I cities 

had private companies conducting their testing while some left this up to the state environmental 

agency se I 

ts 

 

h 

suburban storm water control programs (APWA 2000). 

f 

of 

cted some form of wet-w

.  None of the ten indicated that they had instituted a watershed approach to their Pha

requirements. 

Of the twenty three Phase II cities responding, fourteen indicated that they currently 

conducted some form of wet-weather testing while five were involved in both wet- and dry-

weather monitoring.  Of these twenty-three cities, eight used volunteers for water quality impac

monitoring and five indicated that they used a watershed approach to the problem.  Several 

Phase II municipalities indicated that they were actively involved with other municipalities in

their watershed in monitoring water quality and instituting BMPs to control pollutants.  These 

communities were proud of the start they had already made on developing a watershed approac

to their urban and 

If an analysis of the impact of storm water runoff on the receiving waters is to be a part o

the study of your watershed, wet-weather sampling will be necessary.  In some of the larger 

municipalities wet-weather sampling is accomplished by using automatic samplers.  The use 
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automatic samplers will not be covered in this section, other than a cursory mention.  Automatic 

samplers are safer during turbulent weather conditions and more precise in their sampling 

regimes but have a greater potential for malfunction.  Unless an automatic sampler has a 

refrigeration capability, samples must be collected soon after they are taken. 

ent weather is necessary 

before 

noff 

 the fact that your 

vehicle is parked at the side of the road and there are people working from what may be exposed 

positions.  Low visibility is a key factor to consider when collecting samples during the actual 

rainstorm event.  

If you are sampling from a bridge or other platform, take a safety rope for yourself and 

one for the multi-probe device.  Loss of an expensive probe in rushing storm water is difficult, 

but not impossible, to explain.  Loss of personnel in rushing storm water is not explainable.  

Sample collection, laboratory analysis and data recording have some different aspects 

than dry-weather methods.  By their very nature, storm events impose obstacles that need to be 

overcome by careful planning and effort.   

 

5.2   Sample Collection 

 

A thorough reconnaissance of sampling sites during inclem

making the first attempt at collecting storm water runoff.  This reconnaissance is 

important to determine if you will be able to actually collect samples of the storm water ru

from each sampling location and if you will be able to obtain readings on flow rates or make 

other observations necessary in your data collection.  Table 5-1 contains some equipment that 

should be considered for taking wet weather samples.  Once again, “safety is paramount” so take 

along some bright orange or red traffic safety cones to help alert drivers to
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Dropping a bucket into the storm runoff and obtaining a sample is usually a safe method.  Wash 

mple of the water.  

O tain the or labor ory analysis and then use t lti-probe or single probes to 

d eters you can obtain in the field.   

nclin ress or distraction so fill 

o n the sa e type 

o lor, .  Indicate 

w  obtained ite sample.  Noting 

t nfall for th , is also a good piece of 

i .  This  consult a rain gauge, at the sampling 

l n

 your ow ing process.  Chapter 3, 

A et- that can be 

r u try to vent.  Observations 

m llecting the sa ou may want to 

 runoff sample.  The 

added chlorine from the potable water m

the bucket out with the sample water first, pour it out and get another sa

b sample f at he mu

etermine those param

You are more i ed to forget information during periods of st

ut the paperwork o mple as soon as possible and make any observations about th

f flow and the odor, co habitat, oil sheen, floatables etc. that you need to make

hether you have a “first flush” sample, a grab sample or a compos

he amount of rai is event, up to the time of collection

nformation to obtain  may mean that you will have to

ocation, or note the time a d consult the municipal rain records. 

Developing n collection recording form is an evolv

ppendix E contains a w weather collection form that indicates information 

eferred to when yo further analyze the information about the rain e

ade while co mple may be particularly important.  For example, y

note if there is lawn watering in progress while you are collecting the storm

ay come up during the analysis.  
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Table 5-1   Items To Be Used During Wet-Weather Sample Collection 

Item Use 
 
Rain suits and boots 

 
Wet-weather collection 
 

Traffic safety cones Transportable safety warning to motorists 
 

Protected map (s) Clearly showing location and number of sampling stations 
 

White plastic bucket  Used to obtain samples when conditions do not allow 
otherwise 
 

Safety rope (3) Used to secure multi-probe device and workers 
 

Synthetic rope Used to lower bucket for samples 
 

Covered clipboard Keeps forms dry until needed 
 

Sample collection forms One for each site and a few extras just in case 
 
Sampling bottles 

 
At
 

 least one liter per sampling station 

Large plastic container Used to make composite samples (if appropriate) 
 

Ice chest and ice Preserves samples for return to the laboratory 
 

Flow meter Takes measurements of the storm flow (if possible) 
 

 

5.3   Laboratory Analysis 

 

If you are trying to determine the impact of urban storm water runoff on the receiving 

stream,

m 

 you should test for the same parameters that you selected when you conducted your 

ambient base flow evaluations.  If you conducted toxicity testing on the ambient flows, the stor

water sample should be tested in the same manner.   
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If you are collecting a first flush of storm water runoff, you might want to consider some 

toxicity testing.  The first flush is thought by many researchers to contain a heavier loading of 

n the individual watershed.  

If you are testing for first flush toxicity, coll t the sam nd have lified ry 

conduct the test.  You should test for the acute toxicity impacts of this first flush.  First flush may 

potentially have higher pollution levels but remember that it is of short duration and the longer 

noff f , shown by later sam r composite sample, will have mo

i the rec ng stream or better stical ac cy the tak  of three les at each 

collection site is recommended.  Taking three samples will allow for the determination of both a 

mean and variance for a given parameter in the flow at that collection point. 

 

5.4   Data Recording And Analysis 

 

In addition to the parameter data collected during wet-weather monitoring , you may now 

have meteorological data, as well as stream flow and height values to record.  These data are 

generally collected during the sampling process.  You will need to record these data in order to 

determine if there is any correlation between the stream flow and the presence of some of the 

pollutants.  This information is especially important as you begin to evaluate the effectiveness of 

both structural and non-structural BMPs. 

Placing these data into a spreadsheet or database will allow you to view the full range of 

collected data and determine if there are trends or excursions beyond a recommended loading 

level or benchmark.  If you do not have a computer available to handle a spreadsheet, keep the 

priority pollutants.  However, this has been found to be dependent o

ec ple a  a qua laborato

duration ru low  a ple o re of an overall 

mpact on eivi .  F  stati cura ing  samp
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data organized into tables based on the sampling station location.  Put the parameters in columns 

and the rows will represent the event.  Table 5-2 is an example of this data arrangement. 

Table 5-2   Example Table Of Water Resource Data - Station PC4 
 

 
Date mm ◦C pH mg/L mg/L mg/L 

Rainfall  Temp   DO TSS BOD5 

 
       

3-9-97 11 16 7.2 8.1 45 17.5 
       

11-12-97 21 9 6.9 9.3 72 23.4 
     

9.0 
 

59 
 

21.4 12-7-97 15 6 7.0 
(Simulated Data) 

Data arranged in this manner makes it fairly easy to grasp the quantities of pollutants compared 

to each storm event.  If a benchmark or water quality criterion is included, it will be easy to 

follow progress against some compliance objective.  It may be more difficult, under this table 

arrangement, to make a comparison of the amount of a pollutant at another sampling station 

without looking up the information in another table.  There are any number of ways to arrange 

the data into tables so experiment to find a method that best fits your needs.   

 Placing the information into a database would allow you to write a report request (usually 

called a query) and withdraw data in any manner that you need.  For example, if you wanted to 

see all of the aluminum sampling across three watersheds but you only wanted to see the 

numbers in those storm events of over 25 mm in volume, this is easily arranged by writing a 

report query and having the database engine arrange the data as you so direct.  

 123



 

 

 

This section has given some insight to the problems of collecting storm water runoff 

samples during turbulent weather conditions.  The parameters to be tested are at the judgment of 

the MS4 operator and should be in line with the previous testing of the ambient flow.  Some 

consideration should be given for toxicity testing as a further insight into the impact that the 

storm water runoff is having on the receiving waters.   

The data collected during wet-weather testing should now include the stream height and 

the amount of rainfall.  A form for sample collection has been included in Chapter 3, Appendix 

E.  The arrangement of the data and the use of spreadsheets and databases was discussed and 

recommendations given as to alternative ways to view the data. 

Wet-weather is probably the most labor intensive portion of the monitoring program and 

provides the least enjoyable working conditions.  However, it is a necessary effort if you are to 

determine the impact of the storm water runoff on the receiving waters or are trying to evaluate 

the effectiveness of municipal structural or non-structural BMPs.  

5.5   Summary 
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SECTION 6 

 
6.1   Introduction 

This section is designed to help the MS4 operator use and understand data obtained from 

field surveys, receiving water characterization, dry-weather monitoring and storm water runoff 

characterization efforts. 

Within the watershed there may be several sources of existing data.  These data may have 

been collected from different local, state and federal monitoring efforts and these data sets were 

likely collected using different methods, at different times and with different objectives.  The 

MS4 operator must determine which, if any, of these data sets should be reviewed and compared 

to the data obtained through their own collection efforts.  Although the criteria for this review 

should be site specific, basic considerations, including sampling program design and quality 

assurance, must be made.   

 

6.2   Spreadsheets And Databases 

 

Data that would be useful in the evaluation process can be entered into a database to 

facilitate data organization, management, analysis and storage.  The method most commonly 

used for data analysis and storage is to enter the information into a personal computer 

standardized spreadsheet format that allows sorting and plotting of the data.  Spreadsheets can be 

imported into larger databases and data on the spreadsheet can be compared and manipulated 

against data within the database.  Spreadsheets are extremely versatile and allow the user to 

conduct both organizational and analytical actions.  Some actions available are:   

6.0 DATA ANALYSIS 
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1. Organize data from multiple sources 

2. Analyze data from individual sampling programs or from aggregate data 

3. Sort the data by sampling station location, analytical parameter or date 

4. Statistically analyze the data using built-in standard statistical tests 

5. Create plots of parameter concentrations versus time or benchmarks 

6. Continuously update the database 

7. Create input files for modeling efforts 

8. Perform calculations of pollutant loading compared to runoff volume 

In addition to standardized spreadsheet programs for storing and organizing data, 

specialized database management progr e programs are designed 

specifically for organizing large amounts of data and for manipulating the data to produce 

custom

on 

ing existing water resources data.  In this way the 

water r hed 

sis 

ams can be utilized.  Thes

ized reports.  These programs can often produce output for direct use in other analysis 

programs.  With the increased capability of standard database programs, larger databases can be 

saved and reports produced which satisfy a variety of regulatory requirements.   

 

6.3   Geographical Information Systems (GIS) 

 

Since GIS applications use databases to store and retrieve data for generating informati

layers, a GIS system can be used for analyz

esource data can be directly plotted on the base maps generated during the waters

description phase.  This process allows the user to link watershed information on a spatial ba

with other layers of information, such as land use or soil conditions.   
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If the municipality does not have this GIS capability then contracting with a firm t

specializes in GIS output could prove to be cost effective as the map database could be updated 

on a periodic basis and would allow the management staff a method of viewing different levels

of information simultaneously.  If GIS is outside the budget capabilities of the municipality then 

information can be written on copie

hat 

 

s of the drainage maps and reference made to spreadsheets 

that are organized by outfall code or drainage system identification.  A visual representation of 

available information, whether in GIS layers, graphs and charts, spreadsheets or shading with 

colored pencils on a drainage map will enhance the understanding of existing problem areas and 

contrib

 

ite # 

eam 

change.  In the case of a dry-weather flow you may still 

have to

 

waters.  For example, arsenic may be allowable at some levels in water used for contact 

uting factors. 

6.4   Raw Data Analysis 

 

The data produced by a single analytical test is useful only when compared to other data

or criteria.  For example, an analytical determination that some pollutant level for sampling s

2 was at 0.3 ppm means very little except when compared to a national or state water quality 

benchmark.  Even then it may need to be compared to the values both upstream and downstr

to determine if this was a significant 

 ask yourself if the presence of this pollutant in that amount could indicate an industrial 

source or a natural spring water background source level.  The rule of thumb is to always ask

“What is the significance of this number?” 

National benchmarks are used to compare the amount of a physical or chemical 

parameter in a “water” with a safe or allowable level of that parameter.  These benchmarks 

become water quality criteria when used in conjunction with some application for the receiving 
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recreation but allowable in much smaller levels for water used for drinking purposes.  In 

comparing the raw data against a state or national benchmark be sure to take into consideration 

the inte

rend analyses can be developed for single storm events at different testing stations on 

the same watershed or receiving waters.  This is a good way of determining if a pollutant is 

increasing in percentage of volume as the runoff moves down the watershed.  When compared to 

the benchmark for that parameter it can be easily seen approximately where the level of the 

parameter exceeds the benchmark.   

The comparisons made of the results of testing multiple storm events at the same testing 

stations will give a trend analysis that may show the stability of the storm flows.  This trend 

analysis may also show a fluctuation in a parameter based on conditions outside the storm event.  

For example, it would not be unusual to see total suspended solids (TSS) increase where there 

was land development and widespread housing construction in progress.  During construction, 

large amounts of earth are disturbed and the potential for erosion from a construction site is high.  

nded use of the water and the situation under which that water was obtained.  You will 

probably experience a different level for some of your parameters for agricultural runoff versus 

forest runoff versus urban runoff.   

 

6.5   Trend Analysis 

 

It is with trend analysis that computer spreadsheets are particularly helpful.  If the 

benchmark or applicable criteria is put into the spreadsheet along with a particular parameter 

then trend analyses and comparisons can be made. 

T

 128



 

Having baseline data from previous storm events allows the operator to begin to see trends that 

were not evident or were unreliable when evaluating a single event. 

When evaluating dry-weather outfall flows it may be possible to determine the amount of 

a pollutant in the flow.  Multiple tests over a period of time will produce a trend analysis to show 

that the source of the pollutant in question has been determined and controlled.   

Figure 6-1 gives an example of a hypothetical dry-weather outfall that was found to be 

producing 60 gallons of outflow per hour (GPH) with an initial manganese level of 7 ppm.  The 

illicit flow was found to be from the release of industrial wash water passing into a floor drain 

and from there into the storm sewer system.  This washing process was producing 42 gallons of 

outflow per hour.  Actions were taken to eliminate this illicit connection and process the wash 

s and place this effluent into the sanitary sewer 

system. 

water through an industrial pre-treatment proces
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Figure 

nalysis of the data for this hypothetical outfall indicates that: 

1. The outfall identification code is at the top of the chart. 

2. The pollutant in question is identified on the chart. 

sis. 

 

ring of the outfall indicates that the action is not being 

6-1   Example Of Spreadsheet Charting 

 

A

3. The industrial process was contributing approximately 42 GPH. 

4. There appears to be another flow mixed with this industrial outflow. 

5. This additional flow appears to fluctuate on a periodic or seasonal ba

6. Instituting the action to remove the industrial wastewater flow from the outfall

reduced both the base flow and manganese component. 

7. Continued monito

followed all of the time or another discharger is now contributing to this flow. 
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8. Further analysis is necessary to determine the origin and composition of this 

outflow. 

9. A trend line was added that takes into consideration all of the manganese 

scores in this instance and plots them over time.  This trend line would be 

more important in highly fluctuating readings.  In this instance the trend was 

downward. 

10. For this example, the benchmark for manganese was input into the 

spreadsheet at 3.5 ppm.  The ambient level of manganese in this area may be 

closer to 2.0 ppm.  More testing of local water sources would be necessary to 

confirm this ambient level of manganese. 

The objective of this hypothetical example was to show that by recording data on a 

spreadsheet there are several processes that can be used to make the information more useful. 

 

6.6   Summary 

 

A well established monitoring program of ambient water and outfalls in priority areas 

will help the MS4 operator and municipal environmental staff identify problems.  Spreadsheets 

and databases are often tedious to establish but once built can show large quantities of 

information on an up-to-date basis.  In the case presented in Figure 6-1, this chart was produced 

from a Microsoft Excel™ Spreadsheet and every addition or change to the data was 

automatically reflected in the chart. 

Spreadsheets, databases, GIS or other methods of storing and comparing data allow MS4 

operators to evaluate and interpret results of their efforts in controlling pollutant inputs.  
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Establishing the storage method early in the data collection process will assure that the best use 

 made of the data and that there are ways of viewing and comparing the data, historically or 

uantitatively, that make the most sense. 

is

q
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APPENDIX A 

 
 
 
 

GLOSSARY OF TERMS 
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APPENDIX A 

Overview 

g is a glossary of terms commonly used in storm water management.  Not all of 
e terms appear in this manual, and the glossary is intended as a general reference. 

ccuracy:  The combination of bias and precision of an analytical procedure which reflects the 

 
cid Rain:  Rainfall with a pH of less than 7.0.  Long-term deposition of these acids is linked to 

 
Acr  square mile equals 640 acres. 

 
cute Impacts:  Short term (usually 24 - 96 hours) impacts on aquatic life.  (Hoffman et al. 

 
cute Toxicity:  Any poisonous effect produced within a short period of time, usually up to 24 – 

 
mbient:  Refers to the existing water quality in a particular waterbody.  The natural conditions 

or stream sampling 
purposes, those periods of stream flow not influenced by recent storm events.  (TNRCC 

 
quatic Ecosystem:  Any body of water, such as a stream, lake or estuary, and all organisms and 

 
quatic Habitat:  Habitat that occurs in free water 

GLOSSARY OF TERMS 

Followin
th

 
Terms 

A
closeness of a measured value to a true value.  (Pitt et al. 1993) 

A
adverse effects on aquatic organisms and plant life in areas with poor neutralizing 
(buffering) capacity. 

e:  A measure of area equal to 43,560 square feet.  One
 
Acre-foot:  A quantity or volume of water covering one acre to a depth of one foot;  equal to 

43,560 cubic feet or 325,851 gallons. 

A
1995) 

A
96 hours, resulting in severe biological harm and often death.  (Hoffman et al. 1995) 

A
that would be expected to occur in water not influenced by humans.  F

1998) 

A
nonliving components within it, functioning as a natural system.  (Ricklefs 1990) 

A
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Backwater:  (1) A small, generally shallow body of water attached to the main channel, with 

little or no current of its own.  (2) A condition in sub-critical flow where the water
elevation is raised by downstream flow impediments.  (Fischenich and Allen 1999) 

 surface 

 
ankfull Channel Width:  The top surface width of a stream channel when flowing at a bankfull 

 
Ban  

erage, about once every 1 to 2 years.  (Fischenich 
and Allen 1999) 

Bar: nt 
y on the inside of meander bends or in the center of an over-wide channel.   

Likely to be mostly infiltrating groundwater in a sanitary or storm drainage system, but can 

 
Basin:  A hydrologic unit consisting of a part of the surface of the earth covered by a drainage 

system consisting of a surface stream or body of impounded surface water plus all 

 
Bed ces, 

 activity or regulation. 

 
ed Material:  The sediment mixture of which a streambed is composed. 

Bed f the irregularity of the stream bed as it contributes to flow 
resistance.  Commonly expressed as a Manning “n” value.  (Fischenich and Allen 1999) 

Bed

 
Berm of runoff around or through a structure. 

B
discharge. 

kfull Discharge:  The stream discharge corresponding to the water stage which first overtops
the natural banks.  This flow occurs, on av

 
  An accumulation of alluvium (usually sand or gravel) caused by a decrease in sedime
transport capacit

 
Baseflow:  (1)  The dry-weather flow occurring in a drainage system, with no apparent source.  

also be contaminated with illicit wastewater.  (2)  The part of a stream discharge from 
ground water seepage into the stream.  (Fetter 1994) 

tributaries.  (APWA 2000) 

 Flow:  The sustained portion of stream discharge that is drawn from natural storage sour
and not effected by human

 
Bed Load:  Sediment moving on or near the stream bed and transported by jumping, rolling, or 

sliding on the bed layer of a stream. 

B
 

 Roughness:  A measure o

 
 Slope:  The inclination of the channel bottom, measured as the elevation drop per unit 
length of channel. 

:  An earthen mound used to direct the flow 
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Bes  reduce the 

quantity and improve the quality of storm water runoff.  BMPs include treatment 
 

 
Bioc l Oxygen Demand (BOD):  The quantity of oxygen utilized primarily in the 

biochemical oxidation of organic matter in a specified time and at a specified temperature.  

ce 

 
iota:  All living organisms of a region, as in a stream or other body of water.  (Ricklefs 1990) 

Buf
t 

reaches the surface water resource.  (Fischenich and Allen 
1999) 

Can
branches 

and vegetation that are above ground or water that provide shade and cover for fish and 

 
Catc llecting of water, especially rainfall.  (2) A reservoir or other 

basin for catching rainwater.  (3) The water thus caught.  (4) A watershed.  (5) An entryway 

 
Cha

shy 
apacity of the 

stream and may disturb fish and wildlife habitats and destroy the stream’s natural beauty.  

 
hloride:  Common anionic form of chlorine which carries one net negative charge.  A common 

of 

t and 

t Management Practices (BMPs):  Activities or structural improvements that help

requirements, operating procedures, and practices to control site runoff, spillage or leaks,
sludge or waste disposal or drainage from raw material storage.  (APWA 2000) 

hemica

A measure of the amount of oxygen consumed in the biological processes that break down 
organic matter in water.  (TNRCC 1998) 

 
Biomonitoring:  The use of living organisms in water quality surveillance to indicate complian

with water quality standards or effluent limits and to document water quality trends.  
(TNRCC 1998) 

B
 

fer Strip:  A barrier of permanent vegetation, either forest or other vegetation, between 
waterways and land uses such as agriculture or urban development, designed to intercep
and filter out pollution before it 

 
opy:  A layer of foliage in a forest stand.  This most often refers to the uppermost layer of 
foliage, but it can be used to describe lower layers in a multistoried stand.  Leaves, 

wildlife.  (Ricklefs 1990) 

hment:  (1)The catching or co

to the storm drain system, usually located at street corners.  (AWWA 1990) 
 
Channel:  An area that contains continuously or periodically flowing water that is confined by 

banks and a stream bed.  

nnelization:  the process of changing the natural path of a waterway.  The straightening and 
deepening of streams to permit water to move faster, to reduce flooding or to drain mar
acreage.  However, channelization reduces the organic waste assimilation c

(Fischenich and Allen 1999, TNRCC 1998) 

C
anion in many waters.  Increased levels of chloride will heighten the corrosive effects 
water, and may cause a salty taste when combined with sodium.  (TNRCC 1998) 

 
Chronic Toxicity:  Toxicity which continues for a long-term period after exposure to toxic 

substances.  Chronic exposure produces sub-lethal effects, such as growth impairmen
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reduced reproductive success, but it may also produce lethality.  The duration of exposure 

 
Che ure of the amount of oxygen required to oxidize 

organic and oxidizable inorganic compounds in water.  The COD test, like the BOD test, is 

 
Coe tion 

 
Coli

 an indicator of pollution and of potentially dangerous bacterial 
contamination.  Coliforms are also found in soil and are widespread in nature.  (TNRCC 

 
ombined Sewer:  A sewer designed for receiving surface (dry and wet-weather) runoff, 

 
onfluence:  (1) The act of flowing together;  the meeting or junction of two or more streams;  

 
Con ole 

r treatment.  These are not normally considered waters 
of the U.S.  (Hammer 1991) 

Con 995) 

ic 

ay 
utside the 

geographic area occupied by a listed species. when it is determined that such areas are 

 
Cub ow.  One cfs is equal to 449 gallons 

per minute. 

Culv
ert is referred to as a box culvert. 

Designated Uses:  Those water uses identified in state water quality standards.  Uses can include 
fisheries, recreation, water supply, agriculture, etc.  (TNRCC 1998, TNRCC 1999b) 

applicable to chronic toxicity is normally seven days or more.  (TNRCC 1998) 

mical Oxygen Demand (COD):  A meas

used to determine the degree of pollution in an effluent.  (Hoffman et al. 1995, TNRCC 
1998) 

fficient of Variation (CV):  A measure of the spread of data (ratio of the standard devia
to the mean), usually multiplied by 100 to give a percentage.  (Zar 1984) 

forms:  Any of a number of organisms common to the intestinal tract of man and animals 
whose presence in water is

1998) 

C
municipal (sanitary and industrial) wastewater, and subsurface waters from infiltration.  
During dry weather, it acts as a sanitary sewer, but it also carries storm water from wet-
weather runoff.  (APWA 2000) 

C
also, the place where these streams meet.  (2) The stream or body of water formed by the 
junction of two or more streams;  a combined flood.  (Fischenich and Allen 1999) 

structed Wetlands:  Those wetlands intentionally created from non-wetland sites for the s
purpose of wastewater or storm wate

 
taminate:  To make impure or unclean by contact or mixture.  (Novotony 1

 
Critical Habitat:  Under the Endangered Species Act, critical habitat is defined as (1) the specif

areas within the geographic area occupied by a federally listed species on which are found 
physical and biological features essential to the conservation of the species, and that m
require special management considerations or protections; and (2) specific areas o

essential for the conservation of the species.  (Fischenich and Allen 1999) 

ic Feet per Second (cfs):  A unit used to measure water fl

 
ert:  A short, closed conduit that passes storm water under an embankment, usually a 
roadway.  A rectangular or square concrete culv
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ntion:  A storm water system that delays the downstream progress of storm water runoff in
controlled manner.  This is typically accomplished using temporary storage

Dete  a 
 areas and a 

metered outlet device.  (APWA 2000) 

etection Limit:  There are several types of detection limits.  IDL (instrument detection limit) is 

ntration 

 qualification limit) is the lowest 
constituent concentration achievable among laboratories within specified limits during 

  

 
Dec , changing the chemical makeup 

and physical appearance of materials.  (Ricklefs 1990) 

Deg annel bed due to scour.  Degradation is an 
indicator that a change in the stream’s discharge and/or sediment load is occurring.  The 

 
Dike:  (1) (Engineering) An embankment to confine or control water, especially one built along 

the banks of a river to prevent overflow of lowlands;  a levee.  (2) A low wall that can act as 

is surface water.  (Fetter 1994) 

 
issolved Oxygen (DO):  The amount of free (not chemically combined) oxygen dissolved in 

 

 

 
D

the constituent concentration that produces a signal greater than five times the signal to 
noise ratio of the instrument.  MDL (method detection limit) is the constituent conce
that, when processed through a complete method, produces a signal with a 99 percent 
probability that it is different from a blank.  PQL (practical

routine laboratory operations.  The ratios of these limits are approximately:  IDL:MDL:PQL
=  1:4:20.  (APHA 1989) 

omposition:  The breakdown of matter by bacteria and fungi

 
radation:  (1) A progressive lowering of the ch

opposite of aggradation.  (2) A decrease in value for the designated use.  (Fischenich and 
Allen 1999) 

a barrier to prevent a spill from spreading.  (3) (Geology) A tabular body of igneous (formed 
by volcanic action) rock that cuts across the structure of adjacent rocks or cuts massive 
rocks.  (Fischenich and Allen 1999) 

 
Discharge:  The volume of water flowing in a stream, past a specific point in a given period of 

time.  This volume includes sediment if it 
 
Dissolved gas concentrations:  The amount of chemicals normally occurring as gases, such as 

nitrogen and oxygen, that are held in solution in water, expressed in units such as milligrams 
of the gas per liter of liquid.  Supersaturation occurs when these solutions exceed the 
saturation level of the water (beyond 100 percent).  (Fischenich and Allen 1999) 

D
water, wastewater, or other liquid, usually expressed in milligrams per liter, parts per 
million, or percent of saturation.  (Landis and Yu 1995) 

 
Dissolved Solids:  The total amount of dissolved material, organic and inorganic, contained in

water or wastes.  Excessive dissolved solids make water unpalatable for drinking and 
unsuitable for industrial uses.  (TNRCC 1998) 
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Drainage Area:  The area of land from which a storm drainage system collects precipitation and 
storm runoff and then delivers the resulting storm water to a specific point.  It is the land
area from which surface runoff drains into a s

 
tream system.  (Fetter 1994) 

 
ffluent:  (1) Something that flows out or forth, especially a stream flowing out of a body of 

 and Allen 1999) 

 
water 

hose 

 
rosion:  The wearing away of rock or soil by the gradual detachment of soil or rock fragments 

mal wearing away and removal of soil by flowing water.  (Fischenich and 
Allen 1999) 

Eutr nt 
n excessive 

bacterial growth and oxygen depletion.  (Ricklefs 1990) 

Exo

l 
coliform 

bacteria are commonly used as indicators of the presence of pathogenic organisms.  Their 

 
Filter Strip:  a long, narrow portion of vegetation used to retard water flow and collect sediment 

for the protection of watercourses, reservoirs, or adjacent properties.  (APWA 2000) 

Floa  
um, etc.) that are either part of the 

inappropriate waste streams discharged to a storm water system, or collected by flows which 
, TNRCC 1998) 

 
Dry Wash:  A streambed that carries water only during and immediately following rainstorms. 

E
water.  (2) (Water Quality) Discharged wastewater such as the treated wastes from 
municipal sewage plants, brine wastewater from desalting operations, or coolant waters 
from a nuclear power plant.  (Fischenich

 
Entries to Storm Drainage:  Water (either clean or polluted) discharged into a storm water drain 

from sources such as, but not limited to, direct industrial or sanitary wastewater connections,
roof leaders, yard and area drains, cooling water connections, manhole covers, ground
or subterraneous storm water infiltration.  (Pitt et al. 1993) 

 
Ephemeral Streams:  Streams which flow only in direct response to precipitation and w

channel is at all times above the water table. 

E
by water, wind, ice and other mechanical, chemical or biological forces.  Stream bank 
erosion is the nor

 
ophication:  The process of enrichment of water bodies by nutrients.  Often over enrichme
caused by sewage and runoff from fertilized agricultural lands and resulting i

 
tic Plants:  Non-native plants that grow quickly, out-compete native plants, and are a threat 
to the natural ecosystem.  (APWA 2000) 

 
Fecal Coliform:  Applied to Escherichia coli and similar bacteria that are found in the intestina

tract of humans and animals, and also found in soil.  While harmless in themselves, 

presence in water indicates fecal pollution and potentially adverse contamination by 
pathogens. 

 
tables:  Floating materials, (plastic containers, condoms, sanitary napkins, tissues, corks,
paper containers, wood, leaves, oil films, slimes, sc

enter a storm water drainage system.  (Pitt et al. 1993
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Flood:  A temporary rise in flow or stage of any watercourse or storm water conveyance s
that results in storm water runoff exceeding its normal flow boundaries and inundatin
adjacent normally dry areas.  (APWA 2000) 

ystem 
g 

and built of sediment that gets covered with water as a result of the flooding of a 
nearby stream.  (Wanielista and Yousef 1992) 

Gen under the NPDES program to cover a certain class or category 
of storm water discharges.  These permits reduce the administrative burden of permitting 

 
Geo m capable of storing and manipulating 

spatial data.  Computer software that maps land areas and produces images and information 

phy.  (Fischenich and Allen 1999, Pitt et al. 1993) 

 
round Water:  The water contained in interconnected pores located below the water table in an 

torm 
sanitary wastewater, or combined sewer drainage systems, through 

such means as defective pipes, pipe joints, connections, or manhole walls.  (Pitt et al. 1993) 

Hab en 
  (Ricklefs 1990) 

nd 

lather and scale to form in hot water pipes, boiler vessels, condensate return lines, cooling 

 
azardous Materials:  Anything that poses a substantive present or potential hazard to human 

, or 

 
Floodplain:  L

 
eral Permit:  a permit issued 

storm water discharges.  (APWA 2000) 

graphic Information System (GIS):  A computer syste

relating to the land area, e.g., topography, drainage, public utilities, roads, buildings, 
industry, land use, and demogra

 
Gray Water:  Wastewater from a household or small commercial establishment which 

specifically excludes water from a toilet, kitchen sink, dishwasher, or water used for 
washing diapers.  (APHA 1989) 

 
Ground Cover:  Grasses or other plants grown to keep soil from being blown or washed away.  

(TNRCC 1998) 

G
unconfined aquifer or located in a confined aquifer.  These waters may be collected with 
wells or flow naturally to the earth’s surface through springs.  (Fetter 1994) 

 
Ground Water Infiltration:  Seepage of below water table groundwater and subterraneous s

water into storm water, 

 
itat:  The local environment in which organisms normally live and grow.  Habitat is oft
characterized by a dominant plant form or physical characteristic.

 
Hardness:  Caused by the presence of the divalent cations (principally calcium, magnesium a

sometimes iron) in water.  Causes an increased amount of soap usage before producing a 

systems, kettles, etc.  (Manahan 1993) 

H
health or the environment when improperly treated, stored, transported, disposed of
otherwise managed.  (Fischenich and Allen 1999) 

 
Headwater:  Referring to the source of a stream or river. 
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Heavy Metals:  Metals with high molecular weights that are of concern because they are
rally toxic to animal life and human health if naturally occurring concentrations are 
eded. Examples includ

 
gene
exce e arsenic, chromium, lead and mercury.  (TNRCC 1998) 

mposed 
entirely of storm water, and is not authorized by an NPDES permit, or is not due to fire 

 
Illic

 
Imp e which significantly decreases the ability 

of precipitation to infiltrate, thereby increasing runoff.  Rooftops and paved areas are 

 
direct dry-weather entries into the Storm Drainage System:  Non-storm water sources which 

ts, 

 
filtration:  The process whereby water enters a drainage system underground through such 

 
Inte

 flow. 

rmanent flowing drainage feature having a definable channel 
and evidence of scour or deposition.  This includes what are sometimes referred to as 

 
and Application Unit:  An area where wastes are applied onto or incorporated into the soil 

) 
 
Lan t are repeated in similar 

form throughout.  (Fischenich and Allen 1999) 
 
Leaching:  The flushing of minerals or pollutants from the soil or other material by the 

percolation of applied water.  (Fischenich and Allen 1999) 
 
Loading:  The influx of pollutants to a selected water body.  (Fischenich and Allen 1999) 
 

 
Hydric:  Wet 
 
Hydrograph:  A graphic representation of the discharge of a stream at a single gauging station.  

(Davis and Cornwell 1991) 
 
Illicit Connection:  Any discharge to a municipal separate storm sewer that is not co

fighting activities or natural causes.  (APWA 2000) 

it Discharge:  Any discharge to an MS4 that is not composed entirely of storm water.  
(§122.26(b)(2))(USEPA 1999) 

ervious Surface:  Typically, any man made surfac

typically impervious surfaces.  (TNRCC 1998) 

In
enter a storm drainage system indirectly, usually by floor, areaway, and yard drains or inle
and spills and dumping.  (Pitt 2000) 

In
means as defective pipes, pipe joints, connections, manhole walls, etc.  (Pitt 2000) 

rmittent dry-weather flow:  Irregular flow in a storm drainage system occurring in the 
absence of storm

 
Intermittent Stream:  Any nonpe

ephemeral streams.  (Fischenich and Allen 1999, TNRCC 1998) 

L
surface (excluding manure-spreading operations) for treatment or disposal.  (APWA 2000

dscape:  A heterogeneous land area with interacting ecosystems tha
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Local Jurisdiction:  The local governing body in which the construction, monitoring, or 
management plan takes place.  In this manual, local jurisdiction is used interchangeably
municipality or city.   

c:  Meaning or regarding things in running water 

(Fischenich and Allen 1999) 

rophytes:  Aquatic plants that are large enough to be seen with the naked eye. 

or Outfall:  A municipal separat

 with 

 
Loti
 
Macroinvertebrates:  Invertebrates visible to the naked eye, such as insect larvae and crayfish.  

 
Mac
 
Maj e storm sewer outfall that discharges from a single pipe with 

an inside diameter of 36 inches or more or its equivalent.  Discharge from a drainage area of 

 with an inside diameter of 12 inches 
or more of from its equivalent.  (TNRCC 1998) 

Mat
WA 2000) 

 
Max e (MEP):  The standard to which the USEPA measures performance 

of municipal storm water quality management programs associated with an NPDES storm 
s.  

 
GD:  Million gallons per day 

Mill
 million.  (Fischenich and Allen 1999) 

 

more than 50 acres.  Outfall from municipal separate storm sewers that receive storm water 
from lands zoned for industrial activity (based on comprehensive zoning plans or the 
equivalent, an outfall that discharges from a single pipe

 
erial Storage Area:  On-site location where raw materials, final products, by-products, or 
waste materials are stored.  (AP

 
Maximum Contaminant Level (MCL):  The highest concentration of a constituent in drinking 

water permitted under federal and state Safe Drinking Water Act regulations.  (Fetter 1994, 
Fischenich and Allen 1999) 

imum Extent Practicabl

water permit.  MEP is a technology-based standard that recognizes cost-effectivenes
(TNRCC 1998) 

M
 

igrams per liter (mg/L):  The weight in milligrams of any substance dissolved in one liter of 
liquid;  nearly the same as parts per

 
Monte Carlo Probabilistic Simulation:  A statistical modeling approach used to determine the 

expected frequency and magnitude of an output by running repetitive simulations using 
statistically selected inputs for the model parameters.  (Pitt 2000) 
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Municipal Separate Storm Sewer System (MS4):  A conveyance or system of conveyances 

n, 
nt to 

under section 
208 of the CWA that discharges to waters of the United States;  (2)  Designed or used for 

 

 
Mun

 
ative Plants:  Plants that are found by nature in a geographic location.  Generally it is 

urb 

 
Non any different sources.  NPS pollution is 

caused by rainfall or snowmelt moving over and through the ground.  As the runoff moves, 
 

into lakes, rivers, wetlands, coastal waters, and even our underground sources of drinking 

P) which is not physically constructed and is typically 
programmatic in nature.  Public education is an example of a non-structural practice. 

Not I):  An application to notify the permitting authority of a facility’s intention 
to be covered by a general permit; exempts a facility from having to submit an individual or 

 
NPD ter 

provision of Section 402 of the Federal Water 
Pollution Control Act of 1972.  This is EPA’s program to control the discharge of pollutants 

(including roads with drainage systems, municipal streets, catch basins, curbs, gutters, 
ditches, man-made channels, or storm drains):  (1) Owned or operated by a State, city, tow
borough, county, parish, district, association, or other public body (created by or pursua
State law) having jurisdiction over disposal of sewage, industrial wastes, storm water, or 
other wastes, including special districts under State law such as a sewer district, flood 
control district or drainage district, or similar entity, or an Indian tribe or an authorized 
Indian tribal organization, or a designated and approved management agency 

collecting or conveying storm water;  (3) Which is not a combined sewer; and (4) Which is
not part of a Publicly Owned Treatment Works (POTW) as defined at 40 CFR 122.2.  
(TNRCC 1998, USEPA 1999) 

icipal sewage/wastewater:  Sewage/wastewater from a community which may be composed 
of domestic sewage/wastewater, industrial wastewater and/or commercial wastewater, 
together with subsurface infiltration.  (Pitt et al. 1993) 

N
preferable to use native plants verses exotic plants, as introducing exotic plants can dist
the ecosystem.  (APWA 2000) 

-point Source (NPS) Pollutants:  Pollutants from m

it picks up and carries away  natural and human-made pollutants, finally depositing them

water.  (APWA 2000) 
 
Non-Structural control:  a storm water control practice (commonly referred to as a Best 

Management Practice or BM

 
ice of Intent (NO

group application.  (APWA 2000) 

ES:  “National Pollutant Discharge Elimination System” – the name of the surface wa
quality program originally introduced as a 

to waters of the United States.  (APWA 2000, Fischenich and Allen 1999, Pitt et al. 1993) 
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ES Phase I Storm Water Rules:  In the 1987 amendments to the CleaNPD n Water Act, Congress 
directed EPA to establish a permitting framework under the NPDES program to address 

response to this directive, EPA published NPDES permit application requirements for Phase 

re acres. 

nal Phase II Rules on December 8, 1999.  These rules require two 
more classes of facilities to obtain coverage on a nationwide basis:  1) Small MS4 located in 

ities that result in land disturbances of equal to or greater than one acre and 
less than five acres.  Phase II rules require the development of a Storm Water Management 

 
utrient:  A substance that provides food or nourishment for an organism or plant, such as 

cularly phosphorus 
and nitrogen, are the most common nutrients that contribute to lake eutrophication and 

 
il and Grease Traps:  Devices that collect oil and grease, removing them from water flows. 

Oil 
 
Org

f water. 

 

 
utfall:  The point where wastewater or drainage discharges from a sewer pipe, ditch, or other 

) as “a point source at the point where a municipal separate storm sewer 
discharges to waters of the United States. 

Pho

 
Pere treams which flow continuously.   

storm water discharges associated with urban areas and certain industrial activities.  In 

I Storm Water Discharges from 1) Large MS4 serving a population of 250,000 or more;  2)  
Medium MS4 systems serving a population of 100,000 or more, but less than 250; and, 3)  
Industrial Activities – including construction activities of five or mo

 
NPDES Phase II Storm Water Rules:  EPA issued the Storm Water Phase II Proposed Rules in 

January 1998 and the fi

urbanized areas, and 2)  Small construction sites – including clearing, grading, and 
excavating activ

Plan that addresses areas of BMPs and levies a monitoring and reporting requirement.  
(TNRCC 1998) 

N
usable proteins, vitamins, minerals or carbohydrates.  Fertilizers, parti

nonpoint source pollution.  (Wallace et al. 1986) 

O
 

Sheen:  A thin, glistening layer of oil on the surface of water 

anic Pollutants:  substances containing carbon, which may cause pollution problems in 
receiving bodies o

 
Organic solvents:  Liquid organic compounds capable of dissolving solids, liquids or gasses. 

(APWA 2000) 

O
conveyance to a receiving body of water.  (APWA 2000)  This term is defined at 40 CFR 
122.26 (b)(9

 
sphorus:  An element that while essential to life, contributes to the eutrophication of lakes 
and other bodies of water.  (TNRCC 1998) 

 
Pathogens:  Any viruses, bacteria, or fungi that cause disease. 

nnial Streams:  S
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Permit Issuing Authority (Permitting Authority):  The state agency or EPA regional office that 
issues environmental permits to regulated facilities.  (APWA 2000) 

 
hytoplankton:  Minute plants, usually algae, that live suspended in bodies of water and that drift 

oo weak to 

 
Phyto-Filtration:  Using plants and trees to filter impurities or excessive levels of nutrients from 

water.  (APWA 2000) 

Poin inery.  

 
ollutant:  (1)  Something that pollutes, especially a waste material that contaminates air, soil, or 

hange in physical 
properties that renders water unfit for a given use.  (Fischenich and Allen 1999) 

Pollutant Loading:  The total quantity of pollutants in storm water runoff. 

 
retreatment:  The removal of material such as gross solids, grit, grease, metals, toxicants, etc. or 

ior to 
 a municipal wastewater system.  This is usually done by the industrial user of 

the water, but can also refer to the initial treatment processes of a sewage treatment plant.  

 
Prio

potential for dry-weather flow or illicit discharges.  These areas are usually identified by 

 
Proc ct 

ent. 

 
pH:  The negative logarithm of the molar concentration of hydrogen ion.  (Manahan 1993) 

P
about because they cannot move by themselves or because they are too small or t
swim effectively against the current.  (Fischenich and Allen 1999) 

 
t source Pollutant:  Pollutants from a single, identifiable source such as a factory or ref
(APWA 2000) 

P
water.  (2)  A resource out of place.  (3)  Any solute or cause of c

 

 
Precision:  The measure of the degree of agreement among replicate analyses of a sample, 

usually expressed as the standard deviation.  (Pitt et al. 1993, Zar 1984) 

P
treatment such as aeration, pH adjustment, to improve the quality of a wastewater pr
discharge to

(Pitt et al. 1993) 

rity Area:  Those areas in a drainage system that can be identified as having the greatest 

their surrounding landuse. 

ess Water:  Water used in industry to perform a variety of functions, or as an actual produ
ingredi

 
Quality Management:  Storm water quality management is concerned with the physical, 

chemical and biological characteristics of storm water runoff and how it might adversely 
affect human and aquatic health.  (TNRCC 1998) 

 
Quantity Management:  Storm water quantity management is concerned with the amount of 

storm water runoff and how it might adversely affect human safety and stream integrity.  
(TNRCC 1998) 
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Receiving Waters:  Natural or man-made water systems into which storm waters, or wastewaters,
are discharged. 

 

 
esidual:  The amount of pollutant that remains in the environment after a natural or 

assing 

 
etention:  A process that halts the downstream progress of storm water runoff.  This is typically 

 wells, to dispose of stored storm water via percolation over a 
specified period of time.  (APWA 2000) 

Reu
 

iparian Habitat:  The aquatic and terrestrial habitat adjacent to streams, lakes, estuaries, or 

 
iprap:  Rock or other material with a specific mixture of sizes referred to as a “gradation”, used 

.  

 
Run r 

lectrical conductivity, or osmotic pressure.  Salinity is often 
used to refer to the concentration of chlorides in the water.  (Fischenich and Allen 1999) 

San
wastewater, as well as minor quantities of groundwater storm water and surface water that 

. 

 
ecchi Depth:  A relatively crude measurement of the turbidity (cloudiness) of surface water.  

hich is 

 
cour:  The clearing and digging caused by the flow of water, such as the downward erosion that 

 

 

 
Reclaimed Water:  Water that has received at least secondary treatment and can be used for 

outdoor irrigation and industrial purposes.  (APWA 2000) 

R
technological process has taken place, such as the particulates remaining in air after p
through a scrubber or the sediment remaining in the storm water after passing through a 
sedimentation pond.  (APWA 2000) 

R
accomplished using total containment involving the creation of storage areas that use 
infiltration devices, such as dry

 
se:  The application of reclaimed water for a beneficial purpose. 

R
other waterways.  (Fischenich and Allen 1999) 

R
to stabilize streams or river banks from erosion or to create habitat features in a stream
(Fischenich and Allen 1999) 

off:  Water that flows over the ground and reaches a stream as a result of rainfall o
snowmelt. 

 
Salinity:  The concentration of mineral salts dissolved in water.  Salinity may be measured by 

weight (total dissolved solids), e

 
itary Sewer:  A system of underground pipes that carries sanitary waste or process 

are not admitted intentionally, to a treatment plant [40 CFR 35,2005 (b) (37).  (Pitt et al
1993) 

S
The depth at which a Secchi Disc, which is about 10 – 12 inches in diameter and on w
a black and white pattern, can no longer be seen.  (Fischenich and Allen 1999) 

S
results when stream water sweeps away mud and silt from the stream bed and outside bank
of a curved channel.  (APWA 2000) 
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Sediment:  Soil, sand, and minerals washed from land into water, usually after rain, wind, ice or
gravity.  (APWA 2000, Fetter 1994) 

 

 
edimentation:  The process of depositing soil, clay, sand or other sediments that were moved by 

with anaerobic digestion.  Septic tanks, typically need to meet minimum regulatory 

 
She

running water.  (APWA 2000) 

Soft  such as calcium and 
magnesium.  This type of water does not precipitate soaps and detergents.  (Fischenich and 

 
Specific Conductivity:  Expressed in microSiemens/cm or micromhos/cm).  It is an indication of 

the dissolved solids (charged) concentration in a liquid.  (Pitt et al. 1993) 

Stan
industrial activities, published by the Office of Management and Budget.  Copies of the SIC 

/www.osha.gov/cgi-

S
the flow of water.  The combined processes of soil erosion, entrainment, transport, 
deposition and consolidation.  (Fischenich and Allen 1999) 

 
Septic Tank:  A tank which receives sanitary wastewater direct from its source, (usually 

residential), and permits settling of the heavy solids and floatation of greases and fats along 

standards, e.g., minimum volume and detention time.  (Pitt et al. 1993) 

et Erosion:  Erosion of thin layers of surface materials caused by continuous sheets of 

 
 Water:  Water that contains low concentrations of metal ions

Allen 1999) 

 
dard Industrial Classification (SIC):  The Standard Industrial Classification code for 

Manual can be obtained from National Technical Information Service, 5285 Port Royal 
Road, Springfield Virginia 22161, or downloaded from http:/
bin/sic/sicer5 . 

Stor
f.  (APWA 2000) 

 
conveyance and/or storage of 

storm water.  (APWA 2000) 

Stor

 
tream:  A general term for a body of flowing water;  natural water course containing water at 

 

 
m Drain:  A slotted opening leading to an underground pipe or an open ditch for carrying 
surface runof

 
Storm Water:  Precipitation that accumulates in natural and/or constructed storage and storm 

water systems during and immediately following a storm event.  (AWWA 1990) 
 
Storm Water Facilities:  Systems such as watercourses, constructed channels, storm drains,

culverts, and detention/retention facilities that are used for the 

 
m Water Management:  Functions associated with planning, designing, constructing, 
maintaining, financing, and regulating the facilities (both constructed and natural) that 
collect, store, control, and/or convey storm water.  (APWA 2000) 

S
least part of the year.  In hydrology, the term is generally applied to the water flowing in a 
natural channel as distinct from an canal.  (Fetter 1994, Fischenich and Allen 1999) 
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Structural Control:  A storm water control practice which is physically constructed (and hence 

 
tream Channel:  A long narrow depression shaped by the concentrated flow of a stream and 

 
tream Gradient:  a general slope or rate of change in vertical elevation per unit of horizontal 

 
tream Order:  A hydrologic system of stream classification.  Each small unbranched tributary is 

d order stream.  A third 
order stream has only first and second order tributaries.  (Fischenich and Allen 1999) 

Sub

 
urfactants:  Surface-active agents and common components in detergents which affect the 

 
Susp  the upward components of turbulent 

currents, moving ice, or wind.  (Fischenich and Allen 1999) 

Susp stream’s total sediment load which is transported 
within the body of water and has very little contact with the stream bed.  (Fischenich and 

 
wale:  A depression used as a conveyance for storm water.  It is often lined with grass and is 

 
Topography:  The physical features of a surface area including relative elevations and the 

position of natural and human-made features.  (APWA 2000) 

Tota ality 
ions 

 to restore and protect water quality standards.  TMDLs must include allocations for 
permitted point source discharges, nonpoint sources, and a margin of safety in setting the 

 
Tota ds in the liquid flow or volume including the dissolved 

and particulate (suspended, floatable and settleable) fractions.  (APHA 1989, Pitt et al. 
1993) 

becomes a capital improvement) and typically reduces runoff or intercepts storm water 
runoff and detains and/or treats it.  (TNRCC 1998) 

S
covered continuously or periodically by water.  (Fischenich and Allen 1999) 

S
distance of the bed, water surface, or energy grade of a stream.  (Fischenich and Allen 1999) 

S
a first order stream.  Two first order streams join to make a secon

 
strate:  (1) The composition of a streambed, including either mineral or organic materials.  
(2) Material that forms an attachment media for organisms. 

 
Surface Water:  Water that remains on the surface of the ground, including rivers, lakes, 

reservoirs, streams, wetlands, impoundments, seas, estuaries, etc.  (APWA 2000, Fetter 
1994) 

S
surface tension of water and can cause foaming.  (Alhajjar et al. 1989, Pitt et al. 1993) 

ended Sediment:  Sediment suspended in a fluid by

 
ended Sediment Load:  That portion of a 

Allen 1999) 

S
responsible for the removal of some sediment and sorbed pollutants.  (Pitt et al. 1993) 

 
l Maximum Daily Loads (TMDL):  A written, quantitative assessment of water qu
problems and contributing sources, which identifies responsible parties and specifies act
needed

total amount of pollutants that a water body can safely assimilate.  (TNRCC 1998) 

l Solids:  The entire quantity of soli
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l Dissolved Solids:  A quantitative measure of the residual minerals dissolved in water th
remain after evaporation of a solution.  Usually expressed in millig

Tota at 
rams per liter.  

Abbreviation:  TDS.  (APHA 1989, Fischenich and Allen 1999) 

Tox
organism.  (Pitt 2000, Pitt et al. 1995) 

Trac ly 
) 

at flows into a larger stream or river. 
 
Turbidi  

through the water or in which visual depth is restricted.  Suspended sediments are only one 
len 1999) 

 
Urban R

pol
bac   (APWA 2000, Fischenich and 
Allen 1999) 

 
Volatile Organic Com

processes.  Severa  harmful to human health if inhaled, ingested, 
drunk or in ntac

 
Was

institution.  (Fischenich and Allen 1999) 
 
Wat o ek, channel, storm water conveyance system, or other 

 
ater Pollution:  The addition of sewage, industrial wastes or other harmful or objectionable 

 
ater Quality Criteria:  The levels of pollutants that affect the suitability of water for a given 

 

 
icity:  The degree to which a pollutant causes physiological harm to the health of an 

 
e Metals:  Metals present in small concentrations.  From a regulatory standpoint, this usual
refers to metal concentrations that can cause toxicity at trace concentrations.  (Pitt 2000

 
Tributary:  A stream or river th

ty:  A measure of the content of suspended matter that interferes with the passage of light

component of turbidity.  (APHA 1989, Fischenich and Al

unoff:  Storm water, from urban areas, which tends to contain heavy concentrations of 
lutants from vehicles and industry.  Usually brings a great deal of litter, organic and 
terial waste into the sewer systems and receiving waters.

pound (VOC):  A group of solvent-like chemicals used in many industrial 
l of these chemicals are

 co t with the skin.  (TNRCC 1998) 

tewater:  The used water, liquid waste, or drainage from a community, industry, or 

erc urse:  A lake, stream, cre
topographic feature, over which storm waters flow at least periodically.  (APWA 2000) 

W
material to water in sufficient quantities or concentrations to result in measurable 
degradation of water quality.  (TNRCC 1998) 

W
use.  Generally, water use classifications include public water supply, recreation, 
propagation of fish and other aquatic life, agricultural use and industrial use.  (TNRCC 
1998) 

 
Water Quality Standards:  Acceptable limits on water quality parameters:  Those criteria set by 

the State, with review by the EPA, so that when enforced they will meet the goals of the 
Clean Water Act.  (TNRCC 1998) 
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Watershed:  A geographic region (area of land) within which precipitation drains into a 
particular river, stream, drainage system or body of water that has one specific delivery 
point.  (APWA 2000, Fischenich and Allen 1999, Pitt et al. 1993) 

ater Table:  The surface in an unconfined aquifer or confining bed at which the pore water 
pressure is atmospheric.  The ground below this level is saturated with water.  (Fetter 1994) 

 
Watershed Management:  T tion or maintenance of 

the land, vegetation and water resources of a drainage basin for the conservation of all its 
resources for the benefit of its residents.  (Fischenich and Allen 1999, Pitt et al. 1993) 

aters of the United States:   
a. All waters that are currently used, were used in the past, or may be susceptible to use in 

interstate or foreign commerce, including all waters that are subject to the ebb and flow 
of the tide;   

b. All interstate waters, including interstate wetlands;   
c. All other waters such as interstate lakes, rivers, streams (including intermittent streams), 

mudflats, sandflats, wetlands, sloughs, prairie potholes, wet meadows, playa lakes, or 
natural ponds the use degradation, or destruction of which would affect or could affect 
interstate or foreign commerce including such waters:   

1. That are or could be used by interstate or foreign travelers for 
recreational or other purposes;   

2. From which fish or shellfish are or could be taken and sold in interstate or 
foreign commerce; or   

3.  That are used or could be used for industrial purposes by   industries in 
interstate commerce.  

d. All impoundments of waters otherwise defined as waters of the United States under this 
definition; 

e. Tributaries of waters identified in paragraphs (a) through (d) of this definition; 
f. The Territorial sea; and 
g. Wetlands adjacent to waters (other than waters that are themselves wetlands) identified 

in paragraphs (a) through (f) of this definition.  (USEPA 1993b) 
 
Weir:  A structure to control water levels in a stream.  Depending upon the configuration, weirs 

can provide a specific “rating” for discharge as a function of the upstream water level.  
(Field et al. 2000, Fischenich and Allen 1999) 

 
Wet-weather Flow:  Any flow resulting from precipitation (rain, show, etc) which may introduce 

contaminants into storm drainage combined sewerage, or sanitary sewerage systems.  (Pitt et 
al. 1993) 

 
Wetlands:  Land with a wet, spongy soil, where the water table is at or above the land surface for 

at least part of the year.  Wetlands are characterized by a prevalence of vegetation that is 
adapted for life in saturated soil conditions.  Examples include swamps, bogs, fens, marshes, 
and estuaries.  (APWA 2000, Mitsch and Gosselink 1993) 

 
W

he analysis, protection, development, opera

 
W
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INDUSTR

STORM WATER SURVEY CHECKLIST 
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Industrial Pre-Treatment Inspection 
Storm Water Survey Checklist 

 
Instructions: Record the outdoor storm water conditions applicable for each building surveyed.  
f storm water pollutants are not associated with this building, or are describI ed on another form, 

aterials?  

ed   _ _____ Soil 
_ ___________

explain why or where located.   
 
1.  Describe the general nature of outdoor activities. ______________________________ 
______________________________________________________________________________
__________________________________________________________________ 
 

.  Is there potential for storm water contamination from storage of m2
Yes____ No____ 
 

icant materials. 3.  Describe the current outdoor storage or disposal of signif
__ __Covered    _____ _  Unc vered  ____ _ _ _ o   ________  Pav __  

___________ _______________________________________________________
__________________________________________________________________ 
 
4.  Indicate the non-structural pollution controls to protect storm water discharges. 
 
                   Good Housekeeping                    Placement of Drip Pans 
                   Preventative Maintenance                              Proper Material Storage 
                   Routine In p s                   s ection   Material Inventory 
                   Spill Control Plan                     Spill Control equipment 

                   Training                      Posted Signs 
                   Recordkeeping                    Other - Describe 

                   Discharge Monitoring                    
                   Labeling of Drums, Containers 
 
5.  Describe significant materials stored or disposed of, currently or within the past three years, 

r 100 in a manner to allow exposure to storm water.  (For an oil-based product, significant is ove
allons.  For hazardous, significant is 1 lb. of material defined in 40 CFR 260.  Describe ifg  less 

_____

than this, and specify if these criteria are met.) 
______________________________________________________________________________
_________________________________________________________________________
___________________________________________________________ _
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6.  Describe past and present materials management practices employed to minimize contact by 

___ _____ _____ ______________
_____ _____ _____________________
_____ _____ _ 

.  Describe any significant spills or leaks within the past three

these materials with storm water runoff.  (Use reverse of sheet if necessary) 
___________________________ _ _ ______________________
_________________________ _ _____________________
_________________________ _ _______________________
 
7  years. 

__________________________________________________
_____ _____ _____ _____ _____ _____ _____ ___________

_ _____

ubricant 
ater. 

umber (check if present): 
D Number         ID Number   

     (Use reverse of this sheet or attach additional sheets for description, if necessary) 
____________________________
_____________ _ _ _ _____________ _ _ _
___________________________________ _____________________________________
______________________________________________________ 
 
8.  Describe all Hazardous Waste, Hazardous Material, and Petroleum-Oil-L
(HW/HM/POL) located out of doors or with potential exposure to storm w
Example: HW/HM/POL and ID N
 I  
                    1    Flammables in Metal Cabinets                          9    Paint Waste 
                    2    POL                         10    90-day HW Storage 
                    3    Ethylene Glycol                         11   Aerosol Cans 
                    4    Gas Cylinders                       12   PCB Containment  
                      5    Solvent Dip Tanks                      13   Biohazard Storage 

                    6   Solvents/Degreasers                      14   Asbestos 
                    7   Acids/Corrosives                       15   Radioactive Matter 
                       8   Batteries                        16   Waste Drums 

                    Other — Describe  ______________________________________________ 

es vehicles or company trucks and equipment. 

ha e ees tracking hazardous or dangerous chemicals out to 
bi  t
__ __ ______________________________________ 
__ __ _________________________________ 

___________ 

 c.  What is the path of the storm water runoff from parking lots?  Illustrate on back or 
additional sheet.________________________________________________________ 
_______________________________________________________________________ 
 

 
9.  Describe all parking lots for employe
 
 a.  W t is th potential for employ
their automo les on he bottoms of their shoes? 
 ____ ____ ________________
__________ ____ _____________________
 
 b.  What is the condition of oil leak build-up from vehicles on the surface of the parking 
lot?  _____________________________________________________________ 
_____________________________________________________________
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 d.  List any BMPs for parking lots. 
                    Sweeping Machines                       Degreasing 
                    Oil/Water Separator                       Rolled Curbs 
                    Porous Pavement                       Sand Filters 
                    Vegetative Strips                       Holding Tanks 
                    Settling Ponds                        Other 
 
10.  Describe all Significant Material Storage Areas at the facility located out-of-doors or with 

otential exposure to storm water. p
   ID Number         ID Number     
                   1   Vehicle/Equipment Storage                       6    Above Ground Fuel Tanks 
                   2  s etal S orage Miscellaneou  M t                        7  a d/  Asph lt/San Bulk Stores 

                   3   Open Top Dumpsters                              8    Woo ge d/Lumber Stora
                   4  Plastic/Ru  S e                      bber torag      Storage  9 Tire 
                   5   Surfactants                         10   Surfactants 
                        Other - Describe 
 
 11.  Provide any additional information on aterials Stored  M
______________________________________________________________________________
______________________________________________________________________________

____________________________________________________________ 
 
12.  Describe the Materials Loading and Handling Areas at the facility located out-of-doors or 
with potential exposure to storm water. 
 
Example: Material Loading and Handling Areas and ID Number (Check if present) 
ID Number 
                      1  Fueling Stations 
                      2 Sewage Holding Tank 
                      3 Chemical Transfer 
                      4 Ethylene Glycol Application 
                      5 Sumps and Drains 
                      6 Pre-Treatment Facilities 

                      Other — Describe  __________________________________________ 
____________________________________________

_ ________________________________________________
_ _____________________________ 

__________________________________
_________________ ____________
_________________ _____________
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13.  Provide any additional information on Materials Loading and Handling Areas. 

_________________
_____________________________________________________________________________

_______________

 
ater runoff. 

 ID Number      ID Number   

______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________
_
_______________________________________________________________
______________________________________________________________________________
____________________________________ 
 
14.  Describe all structural best management practices (BMPs) to reduce pollutants in storm
w
  
                  1 Oil/Water Separator                    7 Rolled Curbs  
                  2 Spill Kit                       8 Cyclone/Baghouse 
                  3 Absorbent Materials                    9 Sediment Trap/Pond  
                  4 Booms - Mobile/Permanent                   10 Covers (i.e. tarps, etc) 
                  5 Spill control Valves                    11 Roofs 

        6 Spill Control Containment                   12 Runoff Treatment 
                  13 Vegetative Filters 

_______________________
___________________________________________________________ 

 
15.  Provide any additional information on BMPs.  _______________________________ 
______________________________________________________________________________
_______________________________________________________
_
 
16.  Describe the ultimate disposal of any solid or liquid waste associated with the storm water 
controls.  ___________________________________________________________ 
______________________________________________________________________________
__________________________________________________________________ 
 
17.  Describe the Areas of Chemical Application at the facility located out-of-doors or with 
potential exposure to storm water.  
 
Examples: Areas of Chemical Application and ID Number (Check if Present) 
   ID Number 
                  1 Pesticides 
                  2 Herbicides 

                  3 Fertilizers 
                  4 Soil conditioners 
                  5 Wood/Metal Preservatives 
                  Other - Describe 
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18.  Provide any additional information on Areas of Chemical Application. 
________________________________________________________________________
_______________________________________________

______
_______________________________

0.  Describe any injection wells 
____

_______________________________________
_____________________________________________________________________________
_____________________________________________________ 

21  Describe location and condition of any water wells.   
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________ 
 
22.  Summary of Observed Storm Water Management Problems 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
____________ 
 

____________________________________________________________ 
 
19.  Describe any potential illicit discharges to storm water drainage system. 
______________________________________________________________________________
______________________________________________________________________________
____________________________________________________________ 
________________________________________________________________________ 
 
 
2
__________________________________________________________________________
_______________________________________
_
_
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23.  Make recommendations for implementation of additional structural and non-structural 
control measures to minimize the impact of storm water discharges on water quality, and 
ecommendations for future sampling and survey efforts. 
_____________________________________________________________________________
_______________________ ___________ 

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________________

______________________________________________________________________________
____________________________________ 
 
23.  Does this facility qualify for ase II for non-exposure of 
materials to storm water or storm
 
 
 

r
_
_ _______________________________

_
______________________________________________________________________________

 an exemption under NPDES Ph
 water runoff? 
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APPENDIX C 

 

Initial Survey Observation Form 

 

Dry-Weather Evaluation Form 

 
 
 

OUTFALL EVALUATION FORMS 
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INITIAL SURVEY OBSERVATION FORM 

 
ate__________________________   By:___________________________ 

Time:_________________________   Location:______________________ 
utfall Number:_________________  Days since last rainfall:___________ 

 

 

 

 
DRY WEATHER EVALUATIONS 

Date__________________________   By:___________________________ 

D

O

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.  Type of Outfall 
[ ]  Concrete     [ ]  Pipe     [ ]  Grassed Ditch     [ ]  Rock     [ ]  Other ___________________
 
2.  Size of the Outfall 
[     ] Diameter of pipe       [     ] Distance across ditch       [     ]  Other___________________
 
3.  Describe the location as to distance from known landmarks, cross streets, businesses 
adjacent or GPS coordinates.   
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
 
4.  Mark the location on the map?  [ ]  Yes      [ ]  No 
 
5.  Is the outfall readily identifiable under ordinary flow and vegetation conditions?  
[  ] Yes  [  ] No   If no, explain 
 
5.  Is there visible flow from the outfall?  [ ]  Yes     [ ]  No 
If yes, check all that apply 
 ]  Colored Water (Descr  ]  Oily sheen 

[ ]  Odor*  (Describe) _________________________________ [ ]  Sludge present 
 ]  Murky Water      water 
 ]  Floati  ]  Stain

[ ]  Absence of plant life surrounding conveyance   [ ]  Plant life impact
[ ]  Scum   [ ]  Foam   [ ]  Suds 
[ ]  Other:__________________________________________________________________ 

*   e.g., rotten eggs, earthy, chemical, chlorine, soap, putrescence, gasoline, musty, etc. 
 
6.  Estimate of the flow, either visually or by describing the width, height and shape of the 
conveyance and the approximate percentage of the conveyance or the approximate depth of 
the flow.  Describe your estimate.  

[ ibe)____________________________ [

[  [ ]  Clear
[ ng Objects (Describe) _________________________ [ s on conveyance 

_________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________
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Time:_________________________   Location:______________________ 
Outfall Number:_________________  Days since last rainfall:___________ 

 

 

 

 

 

 

 

 

 

 

 

D  

O  

 

 

 

 

 

Outfall Analysis (Continued) 

ate:       Time:     

utfall #:      Sample #:    

1.  Type of Outfall 
[ ]  Concrete     [ ]  Pipe     [ ]  Grassed     [ ]  Rock     [ ]  Other _______________________ 
 
2.  Is there visible flow from the outfall?  [ ]  Yes     [ ]  No 
If yes, check all that apply, If no, go to #4 
[ ]  Colored Water (Describe)____________________________ [ ]  Oily sheen 
[ ]  Odor*  (Describe) _________________________________ [ ]  Sludge present 
[ ]  Murky Water      [ ]  Clear water 
[ ]  Floating Objects (Describe) _________________________ [ ]  Stains on conveyance 
[ ]  Absence of plant life surrounding conveyance   [ ]  Plant life impact
[ ]  Scum   [ ]  Foam   [ ]  Suds 
[ ]  Other:__________________________________________________________________ 

*   e.g., rotten eggs, earthy, chemical, chlorine, soap, putrescence, gasoline, musty, etc. 
 
3.  Estimate of the flow, either visually or by describing the width, height and shape of the 
conveyance and the approximate percentage of the conveyance or the approximate depth of 
the flow.  Describe your estimate.  
_________________________________________________ 
___________________________________________________________________________
___________________________________________________________________________
[ ]  Sample taken?     [ ]  Flow   [ ]  Suction  [        ]  Bottle Number 
 
4.  Is there standing water present?   [ ]  Yes   [ ]  No 
If yes, check all that apply.  If no, go to #5 
[ ]  Colored Water (Describe)____________________________ [ ]  Oily sheen 
[ ]  Odor*  (Describe) _________________________________ [ ]  Sludge present 
[ ]  Murky Water      [ ]  Clear water 
[ ]  Floating Objects (Describe) _________________________ [ ]  Stains on conveyance 
[ ]  Absence of plant life surrounding conveyance   [ ]  Plant life impact
[ ]  Scum   [ ]  Foam   [ ]  Suds 
[ ]  Other:__________________________________________________________________ 

*   e.g., rotten eggs, earthy, chemical, chlorine, soap, putrescence, gasoline, musty, etc. 
 
5.  From the inspection location can you see any unusual piping or ditches that drain to the 
storm water conveyance or outfall  [ ]  Yes [ ]  No 
 
6.  Is there any overland flow visible from the discharge location?  [ ]  Yes  [ ]  
No 
 
7 A h d d i l ? [ ] Y [ ] N
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Ambient Air Temperature:      
 
Temperature of Effluent:    Multi-probe or  Handheld 
 
Specific Conductivity:     Multi-probe or Handheld 
 
Dissolved Oxygen:     Probe or Winkler Titration 
 
Percent of Oxygen Saturation:    Altimeter corrected? 
 
pH:        Probe or Test Paper 
 
Turbidity:       Probe or Smart Colorimeter 
 
Chlorine:       Field or Laboratory 
 
Total Dissolved Solids:       Probe or Titration 
 
Notes:  
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________



 

APPENDIX D 

 

A FIELD RECONNAISSANCE CHECKLIST 

FOR EVALUATING COLLECTION SITES 
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Sampling Site Number___________    Location_______________________________ 

Field Reconnaissance Checklist For Evaluating Collection Sites 

Roads Distance  

 

 

Riparian Vegetation  

 Extensive – Shades the Waterway 

 Old – Large Woody Debris or Overhangs  

 New – Planted or Emerging 

Riparian Structure Complex  

 Canopy 

 Under story 

 Ground Cover 

Shoreline Complex  

 Clearing 

 Bank Control Structures 

Site to be evaluated for 20 channel widths each direction from the sampling site.  
______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________ 
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Field Reconnaissance Checklist For Evaluating Collection Sites 
(Continued) 

 
Channel Complex  

 Channel Sinuosity 

 Macro-habitat Structural Complexity 

 Large Turbulent Riffles 

 Glides 

 Undercut Banks 

 Large Deep Pools 

 Runs 

 Backwaters 

 Sand/Gravel Bars 

 Islands 

 Side Channels 

 Wetlands 

Site to b  channel widths each direction from the sampling site.  
 
______ ___________________________________________________________

____________

e evaluated for 20

_ ____________

__________________________________________________________________

______________________________________________________________________________

______________________________________________________ 
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Field Reconnaissance Checklist For Evaluating Collection Sites 
(Continued) 

 
Shoreline Modifications  

 Docks 

 Human Settlements 

 Riprap 

 Bulworks 

 Removal of Saplings 

 Removal of Brush 

 Removal of Aquatic Macrophytes 

 Removal of Snags 

 Introduction of Exotic Plants 

Habitat  Complex   Structure

 Substrate Heterogeneity 

 Large Woody debris 

 Undercut Banks 

 Macrophytes 

Site to be evaluated for 20 channel widths each direction from the sampling site.  

______________________________________________________________________________

______________________________________________________________________________

____________________________________________________________ 
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Field Reconnaissance Checklist For Evaluating Collection Sites 
(Continued) 

 
 Chemical Stressors Minimal 

 UnmappedPipes 

 Trash Dumps 

 Landfills 

 Lawns 

 Croplands 

Channel/Fl pulation Minimal  ow Mani

 Straightening 

 Levees 

 Riprap 

 Snagging 

 Other Channel Control Structures 

Sedimentat urbidity Minimal  ion and T

 Cat hannel Disturbance chment and C

Site to be ev idths each direction from the sampling site.  
 

______________________________________________________________________________

______________________________________________________________________________

aluated for 20 channel w

______________________________________________________________________________

______________________________________________________ 
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FIELD RECONNAISSANCE CHECK ALUATING COLLECTION SITES 
(CONTINUED) 

 
dors, Films, Scums, and Slicks Minimal  

LIST FOR EV

O

 Natural Overloads 

 Anthropogenic Overloads 

 Pipes, Drains, Ditches and/or Tile Absent 

Wildlife and Benthos Evident  

 Semi-aquatic 

 Aquatic 

Human and Livestock Activity Minimal  

 Lawns 

 Public Beaches 

 Parks 

 Campgrounds 

 Marinas 

 Motor Craft 

 Agricultural Activities 

 Feed Lot Activities 

 Kennel or Animal Boarding Activities 

Site to be evaluated for 20 channel widths each direction from the sampling site. 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________ 

 167



 

APPENDIX E 
 
 
 
 
 

WET-WEATHER SAMPLE COLLECTION FORM 
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Water Sample Report Sheet 

 
ate Collected    D   Location       Site #     

Weather: Air Temp_________°C    Rain: Y    N   Cloudy  
 

 Sunny  

arometric Pressure ______________________ 
 
Estimated/Measured Flow Rate:     

 
B

 
 
Color:  None    Clear     Brown     Green     Gray     Sediment       Other    
 
Obvious Floaters:  None      Debris    Petroleum    Sewage     
 
Grab Sample_________  Composite Sample ___________  First Flush    
 

 
Field Test Measurement Note 

 
Ammonia Nitrogen 

  

 
Chlorine Dioxide 

  

 
Dissolved Oxygen ppm  

  

 
Dissolved Oxygen % Saturation 

  

 
pH 

  

 
Specific Conductivity 

  

 
Temperature (Sample) 

  

 
Total Dissolved Solids 

  

 
Turbidity   
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CHAPTER 4 

AN ANALYSIS OF THREE WATERSHEDS 

WITHIN DENTON COUNTY, TEXAS  

 

Previous chapters of this dissertation have established the history behind storm water 

monitoring and the impact that storm water may have on receiving waters.  The condition of 

receiving waters under normal flow conditions has also been the subject of much data gathering 

and analysis by multiple levels of governmental organizations throughout the United States.

Within Denton County, Texas there are several streams that present relatively typical exam

4.1 Introduction 

 

  

ples 

of diffe

ban housing 

er 

ion of the environments of these three creeks and their watersheds will be presented later 

in t

heavy industry.  There are several areas that contain some metals manufacturing and these have 

bee

representative location for industrial runoff analysis.  This industrial site was relatively new (less 

than tw

ment practices.  This site was evaluated using the Industrial Pre-treatment 

Storm Water Survey Checklist found in Appendix B of Chapter 3. 

ring types of stream environments.  The Hickory Creek watershed represents watersheds 

composed mainly of agricultural environments.  Watersheds composed mainly of ur

areas are represented by the Cooper Creek watershed and watersheds presenting a mix of 

housing, business and industrial areas are represented by the Pecan Creek watershed.  A furth

discuss

his chapter.  Within Denton County there are few areas where there is a preponderance of 

n identified and evaluated for inclusion in this study.  One site was chosen to act as a 

enty years since construction), well maintained and with the incorporation of some storm 

water best manage
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4.2 Hypotheses 

 
 

 

n 

 

satisfyi

t 

ant concentrations and storm water pollutant concentrations will not 

differ within each stream. 

Ha = Base Flow pollutant concentrations and storm water pollutant concentrations will differ 

within each stream. 

This set of hypotheses will evaluate the impact of storm water runoff on receiving waters 

for each stream.   

 

The primary purpose of this research was to determine if a limited environmental staff (in

this case one person) can collect and evaluate data about the impact of storm water runoff on 

receiving waters within their jurisdiction, using basic tools, techniques and observations.  Can

these data be collected and evaluated in a user-friendly manner and observations made which 

would allow environmental staff members to make judgments about the effectiveness of their 

municipal management practices, as well as the impact of these practices on the control of urba

pollutants?  As a practical matter, can information collected in the manner described in Chapter 3

be used to support and evaluate measurable best management practices and will it assist in 

ng requirements for measurable BMPs called for in NPDES Phase II regulations? 

The purpose of this portion of the research effort was to evaluate both baseline pollutan

conditions and characteristics as well as storm water flow pollutant conditions and 

characteristics.  Once parametric measurement were obtained, the data was evaluated in both a 

statistical and narrative manner.  The following general hypotheses were evaluated from this 

study. 

Ho = Base Flow pollut
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4.3 Trinity River Watershed General Description 

The Trinity River Watershed drains an area of approximately 17,969 square miles.  From 

s beginning in the four separate branches in northern Texas, the river meanders approximately 

00 miles to its mouth at Trinity Bay on the Gulf of Mexico.  The upper portion of the Trinity 

iver drains an area of approximately 7,977 square miles and includes the entire Dallas-Fort 

orth Metroplex (TRA 1997).  Denton County is located within this upper portion of the Trinity 

iver Watershed.  Figure 4-1 shows the location within Texas of the Trinity River Basin.  Figure 

-2 indicates both the land use and land cover within the Trinity River Basin and indicates the 

cation of the City of Denton and the Dallas - Fort Worth Metroplex.  As shown in Figure 4-2, 

enton, Texas is located above the largest urban land usage in the entire Trinity River Basin. 

Surface water, mostly from impoundments, supplies more than 90 percent of the 

  Water supply and flood protection are the 

driving requirements for building these impoundments.  Very little of the water contained in the 

Upper Basin is used for irrigation.  Hydrologic conditions are dictated by precipitation.  With an 

average rainfall of 30 inches in the Upper Basin, the Denton County area meets or exceeds this 

average.  With almost no annual snowfall, the precipitation throughout the Basin is primarily 

rainfall (TNRCC 2001).   
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available water supplies in the Trinity River Basin.
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Location Of Trinity River Watershed 
TCOG Database Files and ArcView GIS Software 

 within the Trinity River Basin would best be characterized as episodic with storm 

sing large fluctuations in water depth throughout the rivers, streams and reservoirs.  

rrently 22 large reservoirs in the Trinity River Basin (USGS 2001) (TNRCC 2001).  

reservoirs are important for flood control, they also play a major role in providing 

Trinity River Basin

ter for the municipalities within the Basin.   
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Figure 4-2   Land Use And Land Cover Of The Trinity River Basin 

 

These reservoirs also act as sinks by trapping sediment and pollutants and retaining many of the 

contaminants until biological and chemical decomposition can begin.   

Evaluation of the water quality of the Trinity River Basin can easily be divided into those 

areas above the Dallas-Fort Worth Metroplex and the quality of water below the Metroplex.  

 

 

 

 

 

 

 

 

(TNRCC 2000, TNRCC 2001) 

Denton, TX 

Dallas-Fort Worth 
Metroplex 
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Within Denton County the presence of organochlorines, nutrients and semi-volatile organic 

compounds are much lower than the national average (USGS 2001).  In a comparison study of 

 

is 

 

zinon is usually applied to lawns and 

efore tied to urbanization.  The most common herbicide detected was 

trazine.  Atrazine is an agricultural chemical tied closely to the agricultural regions of the 

Upper Basin (Land and Brown 1996). 

 

4.4   Denton County General Data 

 
rie 

ad throughout the county as both agriculture and cattle 

nching prospered.  In 1890 the county embarked on a course that would make it a center for 

igher education when it obtained the North Texas Normal College and in 1902 the College of 

Industrial Arts.  These two institutions are now the University of North Texas and Texas 

nter for higher education and a 

balanced farming and ranching region producing wheat, cotton, beef and dairy cattle.  It contains 

several

the Trinity River Basin to the National Water Quality Assessment the nutrients of most streams

in the Upper Basin were found to be significantly below national median concentrations.  In th

same study, problem pollutants were closely identified with urban centers throughout the Basin

(TNRCC 2001). 

In this comparison study, pesticides and herbicides were found throughout the Basin.  

The most commonly detected pesticide was Diazinon.  Dia

garden areas and is ther

A

Denton County is a 957.7 square mile (612,928 acres) county located in the Grand Prai

and East Cross Timbers regions of North Central Texas.  The first Anglo settlements in the 

county began in the mid-1840’s and spre

ra

h

Woman’s University respectively.  Today the county is a ce

 rapidly growing urban centers, including the cities of Denton, Lewisville, Carrollton and 
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The Colony.  The City of Dallas, Texas has started to expand into Denton County along its 

southern boundary. 

 According to the 2000 census, the total population of Denton County is 432,976 with a 

median

consider themselves to be of two or more 

The City of Denton, Texas is located in central Denton County, in the Trinity River Basin 

above the confluence of Hickory Creek and the Elm Fork of the Trinity River impounded by 

Lewisville Lake.  Lewisville Lake is located approximately 12 miles to the southeast of the city 

center.  Geographically the area is described as the Eastern Cross Timbers, oak forest bounded 

prairie.  The Vegetation Types of Texas map, maintained by the Texas Parks and Wildlife 

Department, identifies this area as consisting of Silver Bluestem-Texas Wintergrass Grassland 

with interspersed crops (TPWD 2000). 

 

 age of 31 years and a racial mix of 81 percent white, 5.9 percent African American, 4 

percent Asian, 0.7 percent American Indian, Alaskan or Hawaiian, 5.6 belonging to the “some 

other race” category and 2.2 percent of the inhabitants 

races.  The Hispanic portion of the population, which may be of several different races, totals 

12.2 percent of the overall population (NCTCOG 2001b). 

4.4.1   City Of Denton 
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Denton County

Figure 4-3   Location Of Denton County Within The State Of Texas     
Source:  NCTCOG Database Files and ArcView GIS Software 

 
 

At an elevation of 628 feet above mean sea level, Denton is thirty-eight miles northwest 

of Dallas and thirty-five miles northeast of Fort Worth at the apex of the two branches of 

Interstate Highway 35 (see Figures 4-3 and 4-4).  The terrain generally slopes gently to the 

southeast.  The area incorporated within the city limits is 53.5 square miles (34,002 acres) and 

houses a residential population of 80,537 residents (NCTCOG 2001b).   

The annual average precipitation is 33 inches, most of which occurs during spring and 

fall.  The temperature ranges from an average low in January of 35° Fahrenheit (F) to an average 

high temperature of 96° F in August (Belcher 1998).   

 The City of Denton is composed of 61.2 percent vacant land (20,818 acres) with 5,504 

acres devoted to single-family residences and 547 acres involved with multi-family residences.  



 

Industrial and commercial concerns consume 2,402 acres and institutions (mostly educational) 

comprise 1,062 acres.  Parks and floodplains (1,060 acres), infrastructure (1,838) and water 

odies (126 acres) comprise the majority of the remaining acreage  (NCTCOG 2000). 

Demographically, the City of Denton is composed of 76 percent white, 9 percent African 

merican, 1 percent American Indian, 3 percent Asian or Hawaiian and 9 percent belong to a 

ategory categorized as “some other race”.  Hispanics comprise 16 percent of the population of 

e City of Denton (NCTCOG 2001a). 

The watersheds most closely associated with the City of Denton comprise approximately 

45 square miles.  Three main tributaries collect storm water within the City of Denton.  All of 

ese systems drain from the northwest to the southeast and ultimately empty into Lewisville 

ake.  Cooper Creek is the smallest of the three watersheds and receives runoff from the most 

ortherly third of the city.  Cooper Creek comprises a watershed drainage area of approximately 

3.5 square miles.  Pecan Creek receives storm water from the central portion of the city and 

omprises approximately 26 square miles of drainage area.  Peak 100 year discharges of 16,000 

n site behind the City 

b

 

A

c

th

1

th

L

n

1

c

cubic feet per second have been documented at the sample collectio

Wastewater Treatment Plant (WWTP).  
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igure 4-4   Denton County Showing Streams And Impoundments 

ource:  ArcView GIS Software with files from NCTCOG database 

Hickory Creek drains the most southerly portion of the City and is predominately an 

gricultural watershed.  With multiple tributaries, originating outside the borders of Denton 

ounty, Hickory Creek watershed is the largest of the three watersheds and comprises an area of 

pproximately 144 square miles within the county. 

The city owned drainage system consists of approximately 35 miles of open channel, 

4,500 feet of concrete lined channel, 28,700 feet of bar ditch and 250,000 feet of underground 

     Indicates the location of a storm water sampling site used in this analysis  

 

Denton, TX
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storm drain system with 1,600 drainage inlets and some 338 culverts and 146 bridges 

(McCullough 1999). 

 

4.5   Data Collection Efforts 

 
Under NPDES Phase II, smaller municipalities must address the impact of their storm 

water on receiving streams.  Knowledge of stream baseline conditions is necessary in making 

this determination.  At the time of the collection effort of this research, there was little in the way 

of baseline data on these three streams.  Rudimentary monitoring of a few parameters had been 

attempted and some parameters had been obtained from a gauging station on a stream in the 

northern portion of the County.  The three streams considered in this study did not have a large 

database of parametric data available for analysis or comparison. 

As an initial effort in this research, the main course of each of the streams was walked, 

evaluated and sampled using a modified Rapid Bioassessment checklist (Plafkin et al. 1989).  

This checklist is shown in Chapter 3, Appendix D.  Collection sites were evaluated more closely 

and chosen to allow the most representative environment for a particular stage of each stream.  

All three streams were evaluated during the lowest flow time period of the summer (August).  

This allowed the evaluator to observe the condition of banks and vegetation at the lowest point 

within the stream channel.  In most cases the bed of the stream was readily available for 

evaluation.  Hickory Creek held the most water during the initial evaluation period.  Although 

flow was essentially zero, deeper pools held water in portions of all three creeks. 

Typically, five sampling sites were selected within each of the three watersheds and 

baseline flows and collection site physical parameters were collected.  Observation of the 

ordinary high water mark and the condition of the banks at the collection location gave an 
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indication of the volume of storm water flow typically moving past the collection site.  Fi

5 shows the g

gure 4-

eneral area of the three watersheds within Denton County and the location of the 

sampling sites.  The sampling sites are labeled with the initials and number of the site CC#, PC#, 

and HC# to indicate the Cooper Creek, Pecan Creek, and Hickory Creek sampling sites 

respectively.  Each of these watersheds will be discussed in more detail later in this section. 

In one area there is a large industrial facility that feeds storm water runoff directly into a 

tributary of Hickory Creek.  Storm water samples were collected at this outfall to evaluate the 

impact of any potential runoff from this industrial facility.  The industrial facility is identified in 

the data as PB and no samples were taken during dry weather evaluation due to lack of flow at 

that collection site.  This industrial site was initially evaluated using the “Industrial Pre-treatment 

Inspection Storm Water Survey Checklist” presented in Chapter 3, Appendix B.  This site is 

During dry weather, each collection site was evaluated using both the “Field 

Reconnaissance Checklist for Evaluating Collection Sites” presented in Chapter 3, Appendix D 

and the “Initial Outfall Survey Form for Dry-Weather Outfall Evaluation” presented in Chapter 

3, Appendix C.  Periodically, throughout the course of data collection, these forms were used to 

re-evaluate each of the collection sites as well as those outfalls that were adjacent to the 

collection site.  This effort was made to evaluate any change in the physical parameters of the 

collection site that may have been caused by storm water runoff or pollutant discharges. 

Although a form titled “Water Sample Report Sheet” is presented in Chapter 3, Appendix 

E, for the collection of storm water samples, during this research an expanded version of this 

collection form was used.  This expanded form contains more parametric detail as well as 

columns for laboratory analytical parametric data to be recorded and therefore served as a 

indicated on Figure 4-5 and Figure 4-18 as PB. 

 187



 

laboratory data recording form.  This form is contained in Appendix A at the end of this 

dissertation. 

 

Figure 4-5   Research Watershed Collection Area       

 
Source:   NCTCOG Database Files and ArcView GIS Software 

 

4.6   Soils And Wetlands 

During the literature search various sources pointed toward the importance of having a 

basic knowledge of the soils within a watershed and the impact these soil types will have on the 

water quality of the receiving streams (Bartsch et al. 1997, Hamilton 2000, Hession et al. 2000, 

Mashriqui and Cruise 1997, Parker et al. 2000, Tsihrintzis and Hamid 1997).  Since Total 

Suspended Solids (TSS) has previously been identified as the major physical pollutant found in 

streams of the U.S., the erosion tendency of the soils within each watershed should be a 

consideration for any evaluation of baseline or storm water flows (USEPA 1998).   

n 

The State of Texas has just released their Phase II requirements for TPDES Construction 

Storm Water Permitting (TCEQ 2003).  Within those requirement is identified one waiver optio
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available to construction permitting for small (less than 5 acres of disturbed soil) projects.  Th

erosivity of the soil, within a general zone identified in state, would allow for waived 

construction permitting as long as the construction projects could be started and completed 

during identified dry periods of the year.  The allowable erosivity factor is taken from the 

Revised Universal Soil Loss Equation and is identified as the “R factor” within that equation 

(USDA 1997).  Contractors are allowed to use a pre-calculated value or may calculate th

values.  Recognition of the impa

e 

eir own 

ct of soil erosivity is an important supporting factor in 

evaluat

ries were identified for any of these watersheds.  There are three hydric soil series 

listed for Denton County.  These three series are:  1)  Kaufman Clay, frequently flooded, 

identified as soil map symbol 49  2)  Trinity Clay, occasionally flooded, map symbol 78 and  3)  

Trinity Clay, frequently flooded, map symbol 79.  (Ford et al. 1980).   

No jurisdictional wetlands were specifically identified during the stream course 

evaluations.  There were several areas that were encountered along Hickory Creek that contained 

positive identifiers of wetland conditions, which on further evaluation did not support the three 

required criteria for identification as a true wetland.  No in-depth wetland delineation’s, using 

U.S. Corps of Engineers evaluation criteria, were performed in the conduct of this research.  

4.6.1   Pecan Creek Soils 

 
Pecan Creek begins in a Ponder loam soil and transitions to Lindale clay at collection site 

#1.  From the North Lake area to PC 2 the stream passes through two types of fine sandy loam 

ing Total Suspended Solids within the watersheds. 

What follows is a brief description of the soils within each of the subject watersheds.  

These soil groupings are shown on Figure 4-6.  Within the immediate stream area, the presence 

of alluvial deposits was consistent throughout the three watersheds.  No previously identified 

hydric soil se
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(Justin and Callisburg).  Although it enters a concrete channel shortly after leaving PC 2 the 

stream passes through an area predominated by Urban soils composed mostly of clay and loam.  

Until it emerges from the downtown Denton area and flows into areas described by fine sandy 

am and clay loam, the stream is contained within this concrete channel.  On reaching the city 

WTP area (PC 5) the stream is once again in clay loam and continues on to Lake Lewisville in 

oth clay and clay loam soils (Ford et al. 1980).  Table 4-1 summarizes the soil groups 

ssociated with Pecan Creek.   

Because of the many factors involved in soil erosion, such as wind, rain, volume of 

unoff, vegetative cover, slope, impermeable cover, soil saturation and soil disturbance, only a 

eneralized “Erosion Tendency” will be given for each soil type.  This Erosion Tendency factor 

ill be taken from the soil description given in the “Soil Survey of Denton County, Texas” (Ford 

t al. 1980). 
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Figure 4-6   Soil Groups Of Denton County  

 

 
 

 

 

 

 

 

 

Source:  NCTCOG Database and ArcView GIS  (Ford et al. 1
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Table 4-1   Pecan Creek Soil Information 

Collection 
Site

Soil Survey 
Number Soil Type Soil Name Erosion 

Tendency  
PC 1 21 Clay Burleson Moderate 

 22 Clay  Burleson Moderate 
 28 Complex Crocket-Urban High 
 66* Loam Ponder High 
 54* Clay Loam Lindale Low 
 46* Fine Sandy Loam Justin Moderate 
 48 Complex Justin-Urban Moderate 

PC 2 85 Complex Wilson-Urban High 
 69 Complex Sanger-Urban Moderate 
 55 Complex Lindale-Urban Low 

PC 3 85 Complex Wilson-Urban High 
PC 4 23* Fine Sandy Loam Callisburg Moderate 
PC 5 39* Clay Loam Gowen Low 

 24* Fine Sandy Loam Callisburg Moderate 

 13 Complex Birome-Rayex-
Aubrey Low 

 36 Fine Sandy Loam Gasil Moderate 
 40 Clay Loam Gowen Low 

*  Indicates a prime or unique farm land category  (Ford et al. 1980) 

4.6.2   Cooper Creek Soils 

 
The soils of the Cooper Creek Watershed are characterized by Urban Land Complex soils 

that lend themselves to residential housing and the infrastructure necessary to maintain this 

urban environment.  Cooper Creek begins its course in clay soils that have already been 

influenced by development and continues to flow through what were previously farmlands and 

have now become mostly areas of single family residences.  Throughout much of its course 

Cooper Creek is contained within a natural channel.  Almost no concrete channelization has been 

used to direct its flows.  The soils through which Cooper Creek travels are outlined in Table 4-2.   
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4.6.3   Hickory Creek Soils 

a d several of the 

tributaries of Hickory Creek originate outside ers of Denton .  Collection sites 

were established on several of the tributaries of Hickory Creek and the soils around these sites 

were evaluated for their contribution to the m s in the

a able 4-3 su rizes the soils in the area of the collection sites for Hickory Creek and the 

industrial collection site.  It should be noted that there was very little in the way of permeable 

s rface at this indu l site.  there scape pla  a grassy border 

around the facility, the remai y im e surface. 

 

Hickory Creek Watershed is agricultural in land use.  The m in body an

the bord County

ix of constituent  storm water runoff for that 

rea.  T mma

u stria   Although are some land nts and

nder is mostl permeabl
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Numb oil T Erosion

Tenden

Table 4-2   Cooper Creek Soil Information 

Collection Soi
Site 

urvey 
er S ype Soil Name   

cy 
 84 lay L Wilson High C oam 

CC 1 55 and 
p ndale-U Low L

Com lex Li rban 

 85 p ilson-U High Land 
Com lex W rban 

CC 2 69 and 
Comp Sanger-Urban Moderate L

lex 

 48 p ustin-Ur Low Land 
Com lex J ban 

 37 and 
Comp Gasil-Urban Low L

lex 
CC 3 22* urleson ModeraClay B  te 
 39* L owen Low Clay oam G
 83 Clay Loam ilson High  W
CC 4 39* lay L owen Low C oam G

 35* Fine Sandy asil Low Loam G

 13 p rome-R Low Com lex Bi ayex-
Aubrey 

 23* ine S
Loam Callisburg Moderate F andy 

 

CC 5 20 ine S
Loam Bunyan High F andy 

 

 51 Fine Sandy 
oam Konsil Moderate L  

 35* Fine Sandy 
Loam Gasil Low 

 59 Clay Loam Navo Moderate 
 64 Clay Ovan Moderate 

*  Indicates a prime or unique farm land category  (Ford et al. 1980) 
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Table 4-3   Hickory Creek Soil Information 

Collection Site Soil Survey 
Number Soil Type Soil Name Erosion 

Tendency 
Dry Fork 66* Loam Ponder High 
HC 1 66* Loam Ponder High 
 40 Clay Loam Gowen Low 
     
North Hickory 33 Silty Clay Frio Moderate 
HC 2 21* Clay Burleson Moderate 
     
South Hickory 75 Gravelly Loam Somervell Moderate 
HC 3 34 Silty Clay Frio Moderate 
 66* Loam Ponder High 
     
Hickory Creek 34 Silty Clay Frio Moderate 
Roark Branch 34 Silty Clay  Frio Moderate Merge 
HC 4 34 Silty Clay Frio Moderate 
     
Hickory Creek 34 Silty Clay Frio Moderate 

HC 5 36 Fine Sandy 
Loam Gasil Moderate 

 35 Fine Sandy Moderate 
Loam Gasil 

 12 Fine Sandy Birome Moderate 
Loam 

     
Industrial Site  
PB 21* Clay Burleson Moderate 

*  Indicates a prime or unique farm land category   (Ford et al. 1980) 

 

4.7 Equipment 

 

 The equipment used for the initial evaluation of the streams and collection sites was 

taken from those items listed in Table 3-1 of Chapter 3, Section 3.  Most of the equipment was 

readily available and is common field equipment.  Initially, the slope of each collection site was 
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calculated and measurement taken as to width of the ordinary high water mark, bed material and 

n site became important when 

trying t

t 

 

t the 

ydrolab-Hach Company, Loveland, CO).  

The Surveyor® 4 has a built-in barometer and can calculate dissolved oxygen percent of 

saturation.  The Datasonde® 4 used in this research was configured with probes for Dissolved 

Oxygen (DO), pH, Specific Conductivity (SC)/Total Dissolved Solids (TDS), Temperature and 

Turbidity. 

 Figure 4-7 shows the Datasonde® 4 and Surveyor® 4 in their deployment configuration.  

The Datasonde® device has a small impeller motor at the probe head that continually passes 

water over the probes. 

volume of flow.  These physical measurements at the collectio

o evaluate any physical changes at the collection site over time. 

 Water samples, both baseline and storm water flows, were collected in clean glass quar

jars with Teflon coated lids.  Each sample was identified as to the sampling site and a storm

water collection and analysis form was started for each sample.  One individual throughou

collection, transport and testing process maintained control of the sample. 

 A Datasonde® 4 multi-probe device with a Surveyor® 4 data collection device was used 

to collect initial parametric data at each location (H
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Figure 4-7   Datasonde® 4 And Surveyor® 4 Ready For Use 
 

The Datasonde® 4 and Surveyor® 4 combination requires very little storage space in the 

boratory and the Datasonde® 4 requires a small amount of storage capacity for the reagents 

necessary for calibration.  Calibration of the Datasonde® 4 requires approximately thirty 

minutes of bench work before being deployed to the field.  The Surveyor® 4 requires no 

®

la

calibration before deployment and the batteries used in the device may be recharged from an 

automobile power outlet.  Battery charging for the Surveyor  4 and battery replacement for the 

Datasonde® 4 are the only energy requirements.   
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Figure 4-8   Surveyor® 4 Activated 
 
 The Smart Colorimeter™ Kit, shown in Figure 4-9 is a spectrographic device, highly 

portable, and capable of producing a quantification analysis on a wide range of chemical 

pollutants (LaMotte Company, Chestertown, Maryland).  See Chapter 3, Section 4, Table 4-1 for 

a listing of the tests available during the research period.  The LaMott Corporation is continuing 

to develop analytical test kits for the Smart Colorimeter™ (SC) in an effort to increase the 

capabilities of the device.  The SC is one of several similar devices available on the commercial 

market.  Some similar types of devices are more sensitive and have capabilities extending to 
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other types of pollutants.  The SC kit was chosen because it was mid range in both price and 

capability for the devices considered during the initial portion of this research.  It is rugged 

enough to allow employment in the field for several of the time-sensitive tests yet is equally 

capable in a laboratory setting.   

 

Figure 4-9   Smart Colorimeter™ Kit  
Source:  (LaMotte 1997) 
 
Figure 4-10 is a view of the storage space needed for the Smart Colorimeter™ Kit and the 

Datasonde® 4 multi-probe device in the laboratory. 
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Figure 4-10   Datasonde® 4 And Smart Colorimeter™ Storage Requirements 

 In addition to those parametric tests conducted with these two devices, laboratory tests 

were conducted for Biological Oxygen Demand (BOD5), Total Suspended Solids (TSS) and 

Total Volatile Suspended Solids (TVSS).  These tests were conducted using procedures defined

in “Standard 

 

Methods for Examination of Water and Wastewater” (APHA 1989). 

 or less so samples 

 Some samples were tested for the presence of both Total Coliform (TC) and Fecal 

Coliform (FC) bacteria.  These tests proved to be somewhat less than useful because of the 

abundant presence of coliform bacteria in the environment.  Most of the tests showed TC 

bacteria to be “too numerous to count” while the available tests for FC were indicative of the 

presence of FC but not a definitive count.  For both TC and FC analysis, a certified laboratory is 

highly recommended.  The viability time for FC is considered to be six hours

should be taken to the lab at the first opportunity after field collection. 
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Figure 4-11   Laboratory Work Area 
 
 Figure 4-11 is a view of the laboratory area required to perform those tests conducted in 

the laboratory with the Smart Colorimeter™.  A minimum of laboratory space and equipment is 

needed for most of the tests.  Those tests conducted in the field were frequently reproduced in 

the laboratory after transport.  There was some loss of sensitivity to chlorine, carbon dioxide and 

chlorine dioxide.  While DO was occasionally taken in the laboratory, using the Winkler method 

kit available in the SC Kit, the DO was always obtained in the field for recording purposes. 

 Turbidity readings were available from both the Datasonde® 4 and the SC.  The 

Datasonde® was used for field measurements of the turbidity in the stream and the SC was used 

to determine turbidity in the laboratory before and after the sample was filtered.  This allowed 

for a quality check on the filtering procedure.  On those occasions where the SC was used as a 

back-up for the Datasonde®, in the field, readings were either the same or within tolerance for 

the devices. 
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 Each test conducted in the laboratory was made on three repetitions of the sample of 

water from each collection site.  This allowed for a review of the quality of the information being 

received and a comparison of the laboratory data with instrument calibration data.  These 

multiple repetitions are not statistical replicates.  If there was a substantial difference between 

the results of the samples for a site, the tests for that particular pollutant were repeated.  The SC 

proved to be very consistent in its’ analysis and few samples were repeated. 

 Figure 4-12 shows the Datasonde® 4 being used from the back of a truck.  This sampling 

procedure was used when it was necessary to obtain the sample with a bucket.  This necessity 

occurred most often when the water was of insufficient depth to cover the probes of the 

Datasonde® 4 and worked sufficiently to provide field data.  During large volume rains the 

multi-probe device was lowered into the stream and readings were recorded on the Surveyor® 4 

readout.  Data was taken after the Datasonde® 4 had been immersed for at least one minute and 

the readings had stabilized.  Temperature was usually taken after three minutes of immersion. 

Water samples for laboratory analysis were taken directly from the stream, using an 

extension pole sampler with a liter bottle attached, or the collection bottle was lowered by hand 

into the main portion of the stream, filled and emptied three times as a washing procedure and 

then filled until there were no air bubbles in the container.  The sample was then placed in an ice 

chest, packed in crushed ice and transported back to the laboratory for immediate analysis. 
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Figure 4-12   Datasonde® 4 During Dry Weather Field Employment 

 

4.8   Sample Collection Sites 

4.8.1   Cooper Creek 

 

Cooper Creek Watershed consists of 8,632 acres of drainage.  The major portion of the 

water course is through suburban housing areas.  There are several minor tributaries leading 

the main course and these tributaries are almost all fed by the municipal separate storm sewer 

system (MS4) supporting the housing areas within the watershed.  There is no substantial 

amount of concrete lining within the creek or tributaries.  Some attempt at landscaping and b

maintenance and protection has been

to 

ank 

 attempted throughout the more heavily populated portions 

of the stream.  However, the stream is maintained in an earthen course through almost all of its 

length.  No critical habitat was observed and no threatened or endangered species were noted.  
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There was very little in the manner of wetland potential throughout the course of the creek.  

Cooper Creek empties into Lake Lewisville.   

 
Figure 4-13   Cooper Creek Watershed  

 
Source:  NCTCOG Database Files and ArcView GIS Software 

 he 

n 

ted with all three surveyed watersheds.  See Figure 4-14 

for the 

ter 

nd on 

Five collection sites were selected for the Cooper Creek Watershed.  All five are on t

main body of the Creek and represent various stages of urban development.  The Creek begins i

an area of mixed housing and pastureland and flows through well developed housing areas 

toward an area of lesser development east southeast of the City.  Appendix B contains the 

pictures of the collection sites associa

location of the five collection sites within the Cooper Creek Watershed.   

 Cooper Creek collection site #1 (CC 1) was selected at the upper part of Cooper Creek.  

This collection site is in a grassy swale at the beginning of the Creek and collects storm wa

runoff from both an apartment complex on the south side of the swale and open pasturela
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the north side of the swale.  Figure B-1 is a view from the barricade at the end of Linda Lan

where the road dead-ends into the swale at the start of Cooper Creek.  Figure B-2 is taken fr

within the swale looking north at the pasture land while B-3 is looking south from the same 

e 

om 

position showing the culvert system under State Highway (SH) 2164.  This picture was taken 

four days after a rainfall of 0.5 inches and there was a small amount of residual water left within 

the swale.  During the summer months, this area was frequently wet from runoff from lawn 

irrigation at the apartment complex. 

 Figure B-4 is of the collection site within the housing area where Windsor Drive crosses 

the Creek (CC 2).  This area proved to be an advantageous collection area because there were 

several municipal separate storm sewer outfalls that fed into the creek just above this collection 

point.  The pictures were taken in the same time frame as those for CC 1 and Figure B-5 shows 

some shallow water retained within the creek bed.  This retention is caused because the 

headwalls and retaining walls for the bridge over Cooper Creek are higher than the creek bed.  

Figure B-6 shows this difference in height and the problem with water being restricted from free 

flow down the creek.   

Cooper Creek Sampling Site #3 was selected because the Creek has emerged from the 

more clustered housing areas and is now flowing through an undeveloped and more open area.  

While this portion is land being considered for development, there are still many large trees and 

grasslands along the Creek course.  Small mammal tracks were much in evidence in this area and 

the vegetative cover extended for three to five channel widths each side of the Creek bed.   

The bridge over Mingo Road served as a convenient line of demarcation for this 

development into an area of less development.  There is also a railroad bridge at this location so 
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access to the stream could be obtained from several vantage points.  Figures B-7 through B-9 

show the course bed environment at this location.   

Cooper Creek crosses Mayhill Road after passing through a lightly developed area.  

However, there is little in the way of agriculture in this area and most of the land usage is light 

industrial or residential.  To the east of this crossing, some crop and pasturage is present.  The 

vegetative cover is extensive in the area of this collection site (PC 4).  Figures B-10 through B-

12 are views of this collection site.   

Cooper Creek sampling site #5 is in an area that was very undeveloped when this 

research started.  During the course of the collection effort there was an increase in development 

and a resultant widening of the stream bed as well as an increase in the volume of runoff.  

ambed after the housing 

bed at Trinity Road.  This area was originally 

characterized by slow moving flows and extensive vegetation within the streambed.  After 

widening of the stream

Figures B-13 through B-15 show this collection site and the stre

development in the area widened the stream

bed there is indication of increased flow and more refuse was in evidence. 
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Figure 4-14   Cooper Creek Watershed Collection Sites 
Source:  NCTCOG Database Files and ArcView GIS Software 
 
4.8.2   Pecan Creek 

 

Pecan Creek Watershed encompasses agricultural, recreational, residential, commercial 

and industrial urban activities.  This watershed consists of approximately 14,320 acres of 

drainage area and the channel is concrete lined through much of its route.  Figure 4-15 shows the

Pecan Creek Watershed and the associated floodplain.  Figure 4-16 shows the location of

Pecan Creek Collection Sites.  These sites are identified as PC 1 through PC 5. 

 

 the 
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Figure 4-15   Pecan Creek Watershed  
Source:  NCTCOG Database Files and ArcView GIS Software 
 

The main branch of Pecan Creek begins in open pasture on the northwest portion of th

City and makes its way to a small impoundment, North Lake, where its waters are used for 

fishing, bird watching and other recreational purposes.  PC 1 was selected at a bridge over the 

Creek, as it emerged from the pasture.  Most of the year this area is dry.  Figures B-16 thro

e 

ugh 

B-18 sh

etation 

ent with mowed banks and controlled vegetation.  Figures B-19 

ters 

ow the environment of PC 1.  For a view of conditions at each collection site see 

Appendix B Collection Site Photographs.   

On being released from North Lake the waters pass through an area of natural veg

with storm water outfalls from both commercial and residential housing being added to the flow.  

PC 2 was selected at a point where the Creek transitioned from a natural channel to a more 

managed swale environm

through B-21 show the transition from natural creek environment to a more manicured 

environment.  Shortly after leaving PC 2 the stream enters a concrete channel and storm wa
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are collected and directed to this channel from both single-family and multi-family resident

housing developments.  Schools and institutions with large parking lots contribute substantially

to the waters of Pecan Creek as they make their way to PC 3 on the northern edge of the 

downtown area.  Figures B-22 through B-24 show the concrete channel tha

ial 

 

t replaces the natural 

h of the Creek on the north side of the downtown area of Denton, Texas. 

 

creek bed through muc

 
Figure 4-16   Pecan Creek Collection Sites  
Source:   NCTCOG Database Files and ArcView GIS Software 

 
Concrete channels and below ground outfalls add to the character of the waters from 

Pecan Creek until it emerges on the southwestern side of the city.  At this point the waters are

released to an earthen streambed and the stream travels through industrial, commercial, single-

family and multi-family residential districts as well as short areas of natural woodlands.   

At the point Pecan Creek emerges from the “downtown” area and returns to an earthen 

bed, the flow passes under a bridge at Woodrow Lane.  This point proved to be an advantageou

 

s 
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collecti

on 

 the 

PC 5 is located directly behind the main buildings of this 

facility and before the effluent outfall from the WWTP.  Figures B-28 through B-30 show the 

conditions of the streambed at this point.  Water in Pecan Creek then travels through natural 

streambed conditions until eventually discharging into Lake Lewisville.   

4.8.3   Hickory Creek 

 

Hickory Creek Watershed is not contained entirely within Denton County.  

Approximately 400 acres of drainage are captured in the northwestern portion of the watershed 

and are outside Denton County.  To the southeast there are an additional 80+ acres of the 

watershed that are not within Denton County.  These sections of the watershed are not 

significantly different from those found within the County.  The Hickory Creek Watershed 

drains 91,877 acres within Denton County.   

This watershed is significantly larger than the other two watersheds studied in this 

analysis.  Hickory Creek Watershed drains agricultural land throughout the western portion of 

Denton County.  There are scattered sites with houses on large lots throughout the watershed.  In 

addition, there are several areas where small residential developments have been initiated and 

substantial home building efforts have occurred closer to the City of Denton.  Along Airport 

on point.  This point is designated as PC 4.  Figures B-25 through B-27 show the 

environment at this collection point.  The bridge proved to be somewhat dangerous for collecti

purposes during storm events, however the banks of the creek are gently sloped and access to

creek is easily obtained. 

Coursing beside an industrial park and through natural habitat, the creek passes along the north 

side of the City of Denton Waste Water Treatment Plant (WWTP) where effluent from the 

WWTP is released to the Creek.  
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Road, also designated as County Road 1515, to the west of the City of Denton, there are several 

ntainers for milk and juice are produced, industrial 

elding equipment is manufactured, and large trucks are assembled.  These industrial facilities 

are all participants in the industrial pre-treatment program operated by the Environmental 

Department of the City of Denton.  These industrial sites are localized into one general area and 

one collection site was selected for runoff analysis.  This site is identified later in this chapter. 

Walking the streambeds of this watershed identified very few outfalls.  Tributaries join 

with the main body of the creek all along its course.  The main channel of Hickory Creek is a 

fourth order stream that contains water within much of its course throughout the year.  Long 

reaches of the tributaries will go dry in the summer months.  There are pools within the main 

body of the Creek that are in excess of six feet deep and these appear to be fed by groundwater 

and intermittent springs.  As Hickory Creek approaches Lake Lewisville, it is a perennial stream 

with a sustained low flow rate.   

industrial sites where such products as co

w
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Figure 4-17   Hickory Creek Watershed  
Source:   NCTCOG Database Files and ArcView GIS Software 
 

ater.  

s 

appears to be an abundance of wildlife, 

with co   

Hickory Creek Collection Site 1 is an agricultural site representative of grazing and 

farming.  This site was selected at a low water crossing of the stream where C. Wolf Road 

crosses Hickory Creek.  This crossing is a concrete low water crossing and during times of 

increased flow this crossing is often covered with more than three feet of rapidly flowing w

The creek in this area is lined on each side of the stream with native pecan, sugarberry and 

hackberry trees to a distance of approximately four channel widths on each side.  From the outer 

edge of the tree line, the land becomes pastureland with a mix of graze available to livestock.  A

with most of the collection sites in this Watershed, there 

ttontail rabbits, raccoons, opossums and various small rodents common to this habitat.

There was evidence of skunks during several of the collection visits.  One sighting of coyotes 

was made.  No other larger predators were observed during the study period.  Figures B-31 

through B-33 show this location. 
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Figure 
Source:  NCTCOG Database File

ith 

as 

with pastureland and some fruit trees planted in the vicinity.  

The im

4-18   Hickory Creek Collection Sites  
s and ArcView GIS Software 

Hickory Creek collection site #2 is located at a bridge across the creek on Tom Cole 

Road.  This bridge is at a point close to the University of North Texas Water Research Station.  

The flow of the creek in this area frequently rises above the steel beams of the bridge 

superstructure.  The area surrounding HC 2 is farmland with one residential establishment 

adjacent to the bridge crossing.  The tree coverage is approximately five to seven times the 

channel width on both sides of the stream.  Flora and fauna of this area are similar to HC 1 w

the possible exception of there being more post oak trees in this area.  Figures B-34 through B-

36 show the Creek environment at this collection point. 

Hickory Creek sampling site #3 was from a bridge on Tom Cole Road.  This site w

within view of several large houses 

pact of urbanization was evident in this area as the bridge was new and there was already 

a collection of discarded refuse and appliances in the creek.  On one occasion, a group of three 
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barrels of what appeared to be used machine oil was discovered where they had been discarde

in the creek bed at this location.  These barrels were removed by City of Denton Industrial Pre-

Treatment personnel for proper disposal.  Figure 4-19 illustrates this occurrence and shows the 

environment at this location.   

d 

 

Figure 4-19   Illicit Dumping At Hickory Creek Collection Site #3 

This site was on an unnamed tributary of Hickory Creek.  The tree coverage extended

least four channel widths each side of the stream in this area and the streambed was in excess of 

20 feet wide.  Storm water runoff easily reached the bottom of the new bridge during several 

collection visits.  Figures B-37 through B-39 show the new bridge and streambed environmen

Hickory Creek collection site #4 was chosen because of its proximity to the industrial site

selected for analysis.  HC 4 w

 at 

t. 

 

as a low water crossing on Underwood Road.  This collection site 

maintained a pool of water for most of the year.  This site was chosen in order to have a ready 
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comparison to the runoff from the industrial site.  HC 4 was just upstream from the confluence of 

the Dry Branch of Hickory Creek with the main body of Hickory Creek.  Vegetation in this area 

was typical, with a tree cover of four to six channel widths on each side of the stream.  No 

mammalian wildlife was observed in this area.  Several species of ducks and two species of 

doves were sighted on several occasions and small fish were frequently seen.  Debris in the trees 

indicated that the water in this area rose above the five-foot level on the flood gauge.  This road 

is frequently closed during moderate storm events.  Figures B-40 through B-42 show the 

environment at this collection site. 

Hickory Creek Sampling Site #5 (HC 5) was located off Old Alton Road southwest of the 

City of Denton.  The stream is perennial at this point and the banks are steep and contain most of 

n is typical for the area with 

some additional Cedar Elm trees and Yaupon Holly bushes populating the banks.  The tree and 

shrub cover in this area extends beyond the channel for 8 - 12 channel widths on the west side 

but only four widths on the east side.  This is due to the presence of the road and the encroaching 

housing in the area.  The flow of the water is slow during most of the year and there are small 

rapids just above the collection site that helps to add oxygen to the water.  Fish of various types 

 

the floodwaters that are generated by heavy rains.  The vegetatio

and sizes were observed during the collection trips.  Along the road there is a large collection of 

dumped materials of several types.  These materials are mostly construction wastes and plastics.  

The vegetation in this area did not appear to suffer from the presence of the wastes and no 

hazardous materials were observed.  Figures B-43 and B-44 show the Creek habitat at HC 5. 

4.8.4   Industrial Site Collection Area 

The industrial site was selected because it represents a substantial industrial capability 

and because it is an industrial site where extensive efforts have been taken to control the access 
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of storm water to industrial pollutants.  The site is a relatively new facility and is well 

maintained.  Figures B-45 and B-46 show the storm water outfalls depositing storm water runoff 

from this facility into the drainage leading to Hickory Creek.  This site is located just west of a

small tributary of Hickory Creek a

 

nd storm water runoff from this facility mixes with storm 

ity.  There are no trees in the vicinity of the outfalls 

and g of the d e ditch contro tation.  From this location the runoff flows under 

an tary of Hic  Creek leading main body.  Figure 4-20 

indicates the location of the industrial collection site (PB) and the location of both HC 4 and the 

tributary of Hickory Creek. 

water flows from the western portion of the C

 mowin rainag ls vege

Airport Road d into the tribu kory to the 
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Figure 4-20   Industrial Collection Site  
ource:  NCTCOG Database Files and ArcView GIS Software 

 

4.9   Base And Storm Water Flow Data 

 for use in 

.  Storm 2 produced the largest amount of precipitation.  

Ho

 

S

 

 

 As previously described, sixteen sampling sites were identified and evaluated

the analysis of both Baseline and Storm Water Flows for these three watersheds.  Appendix C 

contains all of the data collected from both field collections and laboratory analysis.  Baseline 

Flow sample collections were obtained at both the beginning and end of the data collection 

period.  Five storms were used for sampling purposes.  Each of these storms resulted in a rainfall 

sufficient to cause storm water runoff

wever, the duration of rainfall was in excess of eight hours.  Storm 4 produced the second 

largest rainfall in a duration of less than four hours. 

Frequently during the collection period a rainfall would be insufficient to provide a 

noticeable runoff and samples collected during these smaller events were discarded.  No storm

 217



 

was sampled within 72 hours of a previous storm event generating more than 0.25 inches of 

rainfall.  This limitation is in keeping with guidance in the NPDES and TPDES documentation.  

Table 4-4 presents a summary of the baseline and storm event periods of collection as well as 

some flow and precipitation data. 

Table 4-4   Base Flow And Storm Flow Data 

Event Date Total  Air  
Precipitation (mm) Temperature (°C) 

Base Flow 1 Sep. 3, 1997 0.0 23.5 

Storm 1 Oct. 13, 1997 22 20 

Storm 2 Oct. 23, 1997 60.5 17.5 

Storm 3 Nov. 12, 1997 42 11.3 

Storm 4 Dec. 7, 1997 48 9.0 

Storm 5 Feb. 5, 1998 18 6.0 

Base Flow 2 Mar. 8, 1998 0.0 14 

 

One first flush sample was collected and analyzed during the collection period and provides 

comparison data of interesting but limited value.  These first flush samples were only collected at 

the final collection site for each of the watersheds.  The effort to collect first flush samples from 

each of the collection sites requires m

ade on these sheets.  These descriptions are 

contained on the individual collection sheets and frequently helped to explain the presence of 

ultiple collection crews and is better left to a fleet of 

automatic samplers.   

Flow values and precipitation amounts are included in the data sheets of Appendix C.  

Narrative descriptions and notes were also m

some of the variances in the data.  Such items as construction in the area, draining of swimming 

pools and lawn irrigation during rainstorms were typical of the notes taken.  In addition, physical 
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chan  

arameters is recorded without regard to the watershed or collection site.  The 

Wat r 

.   

re and barometric pressure were collected and these parameters are components that 

help nd 

.   

 

 In starting to analyze the data it is important to look once again at section 4.2 of this 

chapter.  The primary purpose of this collection effort was to determine if a limited 

environmental staff can collect and evaluate data about the impact of storm water runoff on the 

receiving waters within their jurisdictions.  Using techniques described in Chapter 3, data were 

placed in spreadsheets identified by watershed or industrial site, and charts were developed from 

the data.  A more rigorous statistical analysis of the data was also conducted in order to evaluate 

the hypotheses stated in Section 4.2. 

Multiple graphs are contained in Appendix D.  These graphs are representative presentations 

of the data collected during the Base Flow and Storm Flow sampling and are used to evaluate the 

first premises that the environmental staff should be able to make informed decisions based on 

their collection efforts.  As indicated in Table 4-4, the terms Base Flow 1 and 2 and Storm 1 

ges to the collection sites were noted on collection sheets.  Sample Storm Water Collection

and Analysis forms are contained in Appendix A.   

Table 4-5 is a summary of the collected data.  The “Range” of data for each of the collected 

and analyzed p

er Quality Criteria is indicated where one could be determined from stated surface wate

quality guidance of either EPA or the State of Texas.  Other states may have differing criteria

Weather conditions, rainfall amounts at point of collection, flow rates, temperature, sample 

temperatu

 to determine the quality or quantity of other data collected.  For example, temperature a

barometric pressure are important when determining percent of saturation for dissolved oxygen

 

4.10   Data Analysis 
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through 5 will be used in lieu of the actual date when represented in these graphs.  In addition, 

for e ersheds and l collect cs w e computed 

through the Microsoft® Excel spreadsheet Analysis ToolPak software (Microsoft, Richmond, 

WA ata were also co gh the M t© S-PLUS 4.5 (S-Plus) software 

package (MathSoft Corporation, Seattle, WA).  Once it was determined that the two statistical 

packages were presenting basically the same information the S-PLUS program was used only 

occasionally to check on the validity of questionable analyses.  Appendix E contains these 

sum ection E n, standa r, median, m ndard deviation, 

sam osis, skew , minimum, ximum and a confidence level of 95 

percent were computed for eac lyzed param s based on wa ed.   

ry statistics, along with graphs contained in Appendix D, will allow the municipal 

envi tal staff to establish r the levels  pollutants foun he receiving 

strea hree watersheds  in Table 4 e “Range” of es exceed the 

NPDES or TPDES criteria for alkalinity, ammonia, BOD , chlorine, COD, dissolved oxygen, 

iron anese, nickel, nitrite, p , sulfide, TSS, and turbidity.   

 one of the  parameters, as graphically depicted in Appendix D, it 

natu  levels within 

the s

e obtained using all of the data recorded during 

the collection period.  It should also be noted that this data includes the one series of First Flush 

collections and measurements.  In later comparisons this First Flush information will not be 

included in the comparison data.  

ach of the wat  the in ustriad ion sites, summary statisti er

).  These d mputed throu athSof

mary statistics in s -1.  The mea rd erro o tade, s

ple variance, kurt n eess, rang  ma

h of the ana eter tersh

Summa

ronmen  a feeling fo of d in t

ms of the t .  As shown -5, th  valu

5

, mang otassium

Looking at each se collected

is evident that several of these readings outside of criteria levels occurred because of the episodic 

 ore f storm water runoff while some of the parameters were above state criteria

Ba e Flow. 

The measurements shown in Table 4-5 wer
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Ammonia levels were frequently above the National criteria of 0.020 mg/L throughout all 

three watersheds.  Charts D-1 through D-4 show these levels.  It is interesting to note that the 

Base Flows are frequently the higher levels of ammonia in both Hickory Creek and Pecan C

watersheds.   

Alkalinity (Charts D-5 through D-8) occasionally exceeded the 250 mg/L lev

reek 

el during 

stor

 

arely exceeded the state 

crite   

 

y 

ms but Base Flow levels were well within the state criteria.  Storm water runoff from the 

industrial site produced runoff that was below the adjacent Hickory Creek Base Flow alkalinity

levels.   

Biochemical Oxygen Demand (BOD5) (Charts D-9 and D-12) r

ria of 30 mg/L.  The industrial site produced excessive BOD5 during two storm episodes.

Pecan Creek (Chart D-10) had two samples of storm water runoff above the state level.  Storm

#4 produced a large amount of storm water runoff in a relatively short duration.  Each of these 

charts shows a decided increase in BOD5 levels during the Storm #4 period. 

Chloride levels (D-13 through D-16) were well below the national criteria of 860 mg/L.  

Storm water flows were generally below Base Flows which is to be expected as storm water ma

be relatively pure until contact with the surface whereon it becomes impacted by existing 

chlorides. 
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Table 4-5   Data Collection Summary 

Pollutant Test Range mg/L Water Quality Criteria  
  National State

mg/L mg/L 
1

Alkalinity 42 - 296 - 250 
Aluminum 0.01 - 0.3 0.75 0.75 
Ammonia5 0.00 – 0.085 0.020 0.019 
BOD 2.8 - 43.6 30 30 5

Bromine 0.0 - 0.45 - - 
Calcium (Hardness) 22 - 253 - - 
Chloride 10 - 100 860 1000 
Chlorine (Total) 0.00 - 0.23 0.019 0.02 
Chromium 0.00 - 0.04 0.570 0.1 
COD 29 - 242.5 120 120 
Copper4 0.00 – 1.11 0.013 0.0636 
Dissolved Oxygen2 0.06 - 10.63 >4.0 >4.0 
Fluoride 0.00 - 0.59 1.3 4.0 
Hardness (Total) 24 - 300   
Iodine 0.01 - 0.86   
Iron 0.01 - 4.13 1.0 1.0 
Manganese 0.00 – 0.174 0.05 0.0636 
Nickel4 0.11 - 1.89 0.061 1.417 
Nitrate 0.00 - 7.63 10.0 10.0 
Nitrite 0.00 - 0.33  0.10 
pH 7.00 - 8.96 6.5-9.0 6.0-9.0 
Phosphate 0.00 -7.00 0.1 0.1 
Potassium 2.4 - 40.0 10 10 
Sulfate 6 - 168   
Sulfide 0 - 0.18 0.020 0.03 
TDS 4 - 682   
TSS 5 - 1940  100 
Turbidity NTUs3 0 - 953.7  5 
TVSS 0.00 - 974   
Zinc4 0.00 – 0.0115 0.120 0.117 

 (Athayde et al. 1983, Cole et al. 1984, Makepeace et al. 1995, USEPA 1983) (USEPA 2002, 
TNRCC 1998, TNRCC 2001b) 

1. Bench Mark Criteria noted in Texas - Non-Point Source or MSGP documentation 

 

Chlorine levels (Charts D-17 through D-20) met or exceeded state water criteria levels in 

many samples.  All watersheds produced samples both above and below the state criteria of 0.02 

mg/L.  The industrial site always produced samples above the state level. 

2. Temperature and pressure dependent 
3. Above background level 
4. Hardness dependent 
5. Temperature, pH and life stage dependent 
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Chemical oxygen demand (Charts D-21 through D-24) occasionally exceeded the 120 mg/L 

water quality criteria during Base Flow and storm event sampling within all three watersheds. 

The industrial site was also above this criterion for most of the samples taken.  Chart D-22 

illustrates the erratic nature of COD within the Pecan Creek Watershed.  Also note that Storm #4

produce

 

 

d the most consistent higher levels of COD within the three watersheds. 

nts 

solved oxygen (Charts D-29 through D-32) usually was above the lower level of 4.0 

mg/

e 

e 

 

shed 

abov

.  

his 

Copper levels (Charts D-25 through D-28) exceeded the 0.0636 mg/L state criteria during 

storms in all watersheds and the levels from the industrial site showed an increasing tendency 

while remaining below the state criterion.  Copper levels appear to increase during storm eve

in the December and January timeframe for the three watersheds.   

Dis

L.  Characteristically, storm water is oxygen enriched and poses no problem to receiving 

water habitats.  However, the Cooper Creek Watershed exhibited several low readings during 

both storm and base flow sampling.  The shallowness of the stream and the temperature of th

base flow sample may well contribute to these low readings.  During one storm, the DO levels 

rose above the 4.0 mg/l level by the third sampling station but retreated below that level by th

fifth sampling station.  Cooper Creek is a suburban stream with little in the way of continuous

flow.  This watershed frequently exhibited a trend toward lower oxygen readings. 

Iron readings (Charts D-33 through D-36) were generally below the state water quality 

criteria of 1.0 mg/L.  Two storm episodes pushed readings within the Pecan Creek Water

e this criterion.  Levels at the industrial site were always below the state criteria.   

Manganese (Charts D-37 through D-40) has a very low state criteria level of 0.0636 mg/L

In the Hickory Creek and Pecan Creek Watersheds there were numerous excursions above t

criterion.  The industrial site was below the state criteria level.   
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Nickel was present in all Base Flow and Storm Flow samples (Charts D-41 through D-4

but was below the state criteria for all samples taken within the three watersheds.     

Nitrate levels were always below the state criteria of 10 mg/L (Charts D-45 through D-4

Some water analysis agencies require that a parameter of nitrate + nitrite be used to satisfy this 

criteria.  If that combination were used, the three watersheds would still be below state criteria. 

However, nitrite levels (Charts D-49 through D-52) frequently exceeded the state criteria of 0.

mg/L in both Base Flow and storm events within all three watersheds.  The industrial site 

produced mixed results that stayed relatively close to the state criteria. 

Phosphate

4) 

8).  

 

1 

 levels were highly variable through the three watersheds.   The state criteria is 0.1 

mg/

re 

m 

water flows.  Two storm events within the Hickory Creek Watershed produced levels above the 

state criterion of 10 mg/L while the Base Flows in each of the watersheds frequently exceeded 

is level.  The industrial site remained below the state criterion.   

While there is no state or federal criterion for sulfate, the levels within the three watersheds 

generally remained below the 150 mg/L level.  As shown in Charts D-61 through D-64.  There 

did not appear to be any trend for Base Flows to be greater than Storm Flow levels.  The runoff 

from the industrial site stayed at a level lower than most stream events within each watershed. 

L and the Base Flow and Storm Flow samples were often above that level (Charts D-53 

through D-56).  The phosphate levels of the flows within Hickory Creek and Pecan Creek we

frequently above the phosphate levels exhibited in Cooper Creek.  The levels within Cooper 

Creek were at or above the state criteria on only three samples. 

Potassium levels within the three watersheds exhibited an interesting trend.  Charts D-57 

through D-60 show a tendency for the Base Flow levels generally to be higher than the stor

th
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The state criterion for sulfide is 0.03 mg/L.  As shown in Charts D-65 through D-68, this 

level was exceeded frequently in the Hickory Creek Watershed while levels within the Pec

Creek and Cooper Creek Watersheds showed a decreasing trend.  The industrial site started wi

very high sulfide levels but during the final three storms the readings were well below requir

levels. 

Total dissolved solids show a general tendency to be lower in the storm events while Base 

Flows show higher readings through the majority of samples taken (Charts D-69 throug

The industrial site produced what was an uncharacteristically low reading during one storm 

event and because of this an additional TDS meter was used to confirm this low reading of 4.0 

ppm.   

Total Suspended Solids (TSS) were highly variable during the collection period.  While 

many of the samples stayed below the 100 mg/L level there were several instances where the 

an 

th 

ed 

h D-72).  

rion (Charts D-73 through D-76).  The Hickory Creek 

Watershed could be expected to produce the largest volumes of TSS because of its agricultural 

nature.  However, the Pecan Creek Watershed produced two large TSS readings at the point 

where the waters had just passed through the downtown area.  This occurred on two separate 

storm sy e result of constru thin the drainage system.  In Cooper Creek 

Watershed one storm system produced readings above 100 mg/L throughout much of the stream 

course.  This was caused by Storm #4 which produced heavy rainfall of short duration.   

Turbidity was measured with two separate devices.  The Datasonde® 4 had a built-in 

turbid rt Colorimeter™ was used to compare readings between the two 

devices.  Charts D-77 through D-80 show the results of the information obtained using the 

Datasonde® 4 multi-probe device.  The state criterion is considered to be 5 Nephelometric 

TSS levels were well above this crite

stems and was th ction wi

ity device and the Sma
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Turbidity Units (NTUs) above the background level.  For the Hickory Creek Watershed the 

backgro  

 

Us.  Turbidity readings from the 

indu

 within 

readings higher than that level.  The Pecan Creek Watershed averaged 0.145 mg/L 

with

n.  

The hypotheses offered in Section 4.2 require that the data be evaluated to determine if 

Base Flows and storm water runoff flows differ from each other within the three watersheds.  

With 55 different parameters either collected, analyzed or calculated, a selection of parameters 

must be made for the most appropriate comparisons.  Chapter 3, Section 3, Table 3-2 presents a 

listing of water quality parameters recommended for BMP monitoring.  A comparison of this list 

with the list of parameters obtained during the data collection portion of this research, identified 

und level is calculated from Base Flow sampling to be 12.35 NTUs.  For the Pecan

Creek Watershed the background level is calculated to be 11.1 NTUs and for Cooper Creek

Watershed the background level is 8.1 NTUs.  The industrial site did not have a Base Flow with 

which to calculate a background level for turbidity.  If the background of the adjacent Hickory 

Creek is used, that background level is as stated at 12.35 NT

strial site were variable in nature but averaged 38.8 NTUs.  For comparison purposes, 

turbidity measurements by the Smart Colorimeter™ were generally below those for the multi-

probe device. 

Charts D-81 through D-84 depict the zinc results of the sampling effort.  Base Flows

the Hickory Creek Watershed stayed below the state criteria of 0.177 mg/L while one storm 

event showed 

 little difference between Base and Storm Flows.  The Cooper Creek Watershed showed a 

declining trend from CC-1 to CC-5.  However, all of the readings were below the state criterio

The industrial site maintained an acceptable level of zinc throughout the sampling period. 

 

4.11   Base Flow and Storm Flow Comparisons 
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those parameters listed in Table 4-6.  Some differences are readily apparent in that the devices 

parameter in question.  For example, “total organic carbon” (TOC) and “total oil and grease” 

(FOG) were not collected.  However, total volatile suspended solids were collected and this 

measurem e s TO OG, titut these tw ameters.  

Specific conductance mended param ecif uctanc ollected 

in-stream and therefore at sample atur ill b as a ute for

recommended parame e tes adm d lea  not le at th  of 

analysis so se param  will n  used i  comp n.  Te  cadmiu d lead 

were added to the Sm rim st o ter the data collection phase was completed.  

In addition, parameters for a general category of “nutrients” was not collected or identified as 

such. al K l nitr is not tly av le for the Smart Co eter™.   

Table 4 eter

tiona M

used in this data analysis did not always provide the appropriate testing capability for the 

ent, while not the sam thing a C or F  is subs ed for o par

 at 25 °C is a recom eter.  Sp ic cond e was c

 temper e and w e used substit  this 

ter.  Th ts for c ium an d were  availab e time

 the eters ot be n this ariso sts for m an

art Colo eter™ li f tests af

 A test for tot jeldah ogen curren ailab lorim

-6   Comparison Param s 

Conven l etals 

TSS Am  monia

TDS Copper 

TVSS Nickel 

Ca – Hardnes Ns itrate 

COD Nitrite 

pH Phosphate 

Alkalinity Zinc 

BOD  

Specific Conductance  
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s.  

 data indicated that most of the data were not considered to 

be from

render analysis using parametric methods less than appropriate.  Several non-parametric 

statistical models were used to produce the comparisons shown in Tables 4-8, Table 4-9 and 

Table 4-10.   

In comparing the BF and SF for each watershed the object was to determine if the samples 

of each of the flows came from the same population.  Several statistical tests were attempted 

using those tests available in Excel Data Analysis Software.  The tests available through Excel 

are parametric tests which are robust for normal distributions but provide less than reliable 

results for non-normally distributed data.  S-PLUS statistical software was used to evaluate the 

data in this effort.  The Two-Sample Kolmogorov-Smirnov Goodness-of-Fit test (K-S GOF) is a 

two-sided test that returns a p-value that is compared to a critical value.  For evaluation of the 

data with this analysis a critical value of 0.05 was used.  The individual calculations for these 

non-parametric analyses are contained in Appendix F. 

Summary statistics, produced by using the data in Appendix C and employing the 

statistical capabilities of the Excel spreadsheet (Walkenbach 1999) and S-PLUS statistical 

software (MathSoft 1997) are shown in Table 4-7.  The mean and standard deviation values for 

evaluation parameters identified in Table 4-6 are listed for each watershed.  These comparison 

summary statistics are contained in Appendix E, Section 2. 

Analysis of the Base Flow (BF) and Storm Flow (SF) samples used several statistical test

An initial review and graphing of the

 a normal distribution.  Heteroscasticity, coupled with occasional outliers within the data, 
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Table 4-7   Comparisons Of Mean And Standard Deviat or Base
For The Three Wate

HC = Hickory Creek Watershed *  Measurements in mg/L where appropriate 
PC = Pecan Creek Watershed  M = Mean SD = Standard Deviation 
CC = Cooper Creek Watershed  
 

The results of the comparison of Base Flows with Storm Flows for Hickory Creek revealed 

significant differences for pH, BOD5, Ammonia, Copper, Nitrite, Phosphate and Zinc.   

 

ion F  And Storm Water Flows 
rsheds 

M 
SD

Parameter* HC
F

HC Sto
Flow 

ase 
Flow 

 
Flow 

CC Ba
Flow 

C Storm 
Flow 

 B
low 

ase rm PC B PC Storm se C

TSS 30
17

109.7
154.42 

00 
106.02 

 
423.04 

15.50
8.64 

11.34 
7.77 

.00 

.92 
2 118. 203.44  

TDS 44
13

331.0
131.0 

10 
127.28 

 
178.5 

611.20
43.45 

298.80 
154.2 

0.00 
9.0 

0 506. 316.10  

Ca-Hardness 143
50

136.72 
45.99 

.10 
49.99 

 
60.44 

136.7 
26.71 

132.04 
71.86 

.70 
.68 

168 92.64

COD 10
28

86.98
34.22 

0  102.10
18.72 

100.7 
36.31 

8.00 
.06 

 99.4
30.44 

93.86
52.09 

 

pH 8
0.

7.96 
0.021 

1 8.107 
0.32 

8.00 
0.26 

.39 
39 

8.3
0.53 

8.16 
0.36 

Alkalinity 172
45

180.4
57.20 

10  200.90 
27.78 

143.28 
71.26 

.40 
.74 

8 189.
30.72 

130.60
64.12 

BOD5
14
5.

11.12
6.60 

4 13.92 
3.18 

14.41 
5.50 

.26 
93 

 13.2
4.42 

14.23 
10.54 

Speci
Conductance 

fic 0.
0.0

0.49 
0.18 

5 0.92 
0.06 

0.46 
0.23 

61 
19 

0.7
0.17 

0.48 
0.26 

Ammonia 0.
0

0.02 
0.01 

1 0.03 
0.03 

0.02 
0.01 

03 
.03 

0.0
0.01 

0.005 
0.01 

Copper 0.
0.

0.20 
0.17 

5 0.02 
0.016 

0.196 
0.17 

06 
05 

0.0
0.02 

0.21 
0.24 

Nickel 0.
0.

0.24 
0.08 

8 0.34 
0.10 

0.32 
0.20 

26 
01 

0.2
0.07 

0.29 
0.06 

Nitrate 0.
0.

0.82
1.17 

7 0.57 
0.39 

0.73 
0.80 

32 
18 

 2.9
1.90 

2.47 
1.83 

Nitrite 0.
0.

0.070
0.07 

5 
0.10 0.08 

0.03 
0.01 

0.05 
0.04 

16 
09 

 0.1 0.11 

Phosphate 2. 0.79 9 0.62 0.26 72 
2 0.74 0.04 1.22 0.35 0.20 .52 

0.0 0.78 

Zinc 0.03 0.04 0.03 5 0.15 0.22 
0.08 0.20 0.11 0.16 0.72 0.518 

0.0

TVSS 18.5 
12.70 

47.36 
96.01 

67.50 
76.75 

63.70 
194.42 

15.50 
8.64 

11.34 
7.77 
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A correlation matrix was produced using Excel Data analysis software.  Correlation matrice

for the three watersheds are contained in Appendix G.  Correlations are calculated from –1 to +

Correlations are considered to be substantial at values in excess of ± 0.5 from zero.  Using this 

s 

1.  

rang

itrite 

 exists for Phosphate.  The results of this correlation 

exer

-8.   

e of values, substantial positive correlations exist between Base and Storm Flows for TDS, 

Ca-Hardness, COD, Alkalinity, BOD5, Specific Conductance, Ammonia, Copper, Nickel, N

and Zinc.  A substantial negative correlation

cise indicate that those factors in the watershed having an influence on Base Flows have 

similar influences on Storm Flows. 

The results of the statistical comparison and correlation analysis are shown in Table 4
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Table 4-8   Comparisons Of Base And Storm Water Flows For Hickory Creek Watershed 

ter  
* n 

-S 
F 
lue 

low 
 SD* 

 

Parame HC Base F
M & SD

low Correlatio
K
GO

p-va

HC Sto
M &

rm F

TSS  
 45 72 9.72 

4.42 
30.00

217.9 0.26 0.39 10
15

TDS 5 ** 82 1.44 
0.61 

440 
139.4 0.5836 0.20 33

31

Ca-Hardness  
8 ** 25 6.72 

5.99 
143.7
50.6 0.9013 0.74 13

4

COD 0 
6 6** 48 6.98 

4.22 
108.0

028. 0.934 0.26 8
3

pH 9 
 7 3 7.96 

021 
8.3
0.39 0.395 0.00 0.

Alkalinity 0 
4 8** 4 0.48 

7.20 
172.4
45.7 0.763 0.82 18

5

BOD5
6 

3 ** 96 1.12 14.2
5.9 0.7233 0.02 1

6.60 
Specific 

Conductance 
1 
2 ** 82 0.49 

0.18 
0.6
0.0 0.6249 0.20

Ammonia 3 
3 4** 69 0.02 0.0

0.0 0.710 0.00 0.011 

Copper 6 
5 ** 03 0.20 

0.17 
0.0
0.0 0.7890 0.04

Nickel 6 
1 ** 37 0.24 

0.08 
0.2

0.01 0.9562 0.47

Nitrate 2 
8 1 57 0.82 

1.17 
0.3
0.1 -0.393 0.05

Nitrite 6 
9 ** 01 0.07 

0.1
0.0 0.7235 0.01 0.070 

Phosphate 2 
2 ** 07 0.79 

0.74 
2.7
2.5 -0.6155 0.02

Zinc 8 
 ** 00 0.20 0.0

0.03 0.6634 0.00 0.04 

TVSS  
0 1 40 .36 

.01 
18.5

12.7 -0.341 0.82 47
96

M = Mean SD = Standard Deviation     *  Measurements in mg/L where appropriate 
rrK-S GOF = Kolmogorov-Smirnov Goodness-of-Fit   **  Indicates Substantial Co

 
elation 
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 Statistical analysis of BF and SF in the Pecan Creek watershed, using the K-S GOF test 

produced the results shown in Table 4-9.  Significant differences between BF and SF exist for 

TDS, Ca-Hardness, Alkalinity, Specific Conductance, A  Coppe ate and Zinc.   

On review of the correlation matrix results, substantial positive correlations exist between 

BF and SF for TDS, Ca-Hardness, Specific Conductance and Nitrate.  Substantial negative 

correlations exist for Phosphate and TVSS. 

Similar statistical analyses and correlations were perform

Creek.  The result of these exercises is shown in Table 4-10.  At a critical value of p = 0.05 

significa erences exist n BF a TDS ity, Spec nductance, 

Copp d Phospha bstantia  correla n exists for C rdness, BOD5, 

Ammo  and Phosp  Substa ive c n exists f  and Copper. 

mmonia, r, Phosph

ed for the BF and SF of Cooper 

nt diff betwee nd SF for , Alkalin ific Co

er, Nitrite an te.  Su l positive tio a-Ha

nia, Nitrite hate. ntial negat orrelatio or pH
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Table 4
 

 
 
 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
M = Mean SD = Standard Deviation      *  Measurements in mg/L where appropriate 
K-S GOF = Kolmogorov-Smirnov Goodness-of-Fit   ** Substantial Correlation 

 

M & SD* M & SD 

-9   Comparisons Of Base And Storm Water Flows For Pecan Creek Watershed 

 Parameter PC Base Flow  Correlation 
K-S 
GOF 

p-value 

PC Storm Flow 

TSS 106.02 0.1957 0.7425 203.44 
423.04 

118.00 

TDS 127.28 178.49 
506.1 0.6501** 0.0148 316.12 

Ca-Ha e 49.99 60.44 
 

 

rdn ss 168.10 0.7651** 0.0069 92.64 

COD 30.44 52.09 
99.40 0.4171 0.1658 93.86 

pH 8.31 
0.53 -0.2344 0.0983 8.16 

0.36 

Alkalinity 189.1 
30.72 0.4530 0.0296 130.60 

64.12 

BOD5
14.23 
10.54 

13.24 
4.42 -0.0641 0.0983 

Specific 
Conductance 

0.75 
0.17 0.7780** 0.0069 0.48 

0.26 

Ammoni 0.01 0.0137 0.01 
0.01 

 

a 0.01 0.3013 

Copper 0.05 0.21 
0.02 -0.1804 0.0096 0.24 

Nickel 0.28 0.29 
0.07 -0.0825 0.9845 0.06 

Nitrate 0.9451** 0.9034 1.83 

 
2.97 
1.90 

2.47 

Nitrite 0.10 -0.3230 0.2082 0.11 
0.08 

0.15 

Phosphate 0.09 
0.04 -0.5814** 0.0296 0.78 

1.22 

Zinc 0.11 
0.03 -0.1641 0.0101 0.16 

0.05 

TVSS 67.50 
76.75 -0.7439** 0.0908 63.70 

194.42 
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Table 4-10   Comparisons Of Base And Storm Water Flows For Cooper Creek Watershed 

CC Base Flow 
M & SD* 

K-S 

p-value 

CC Storm Flow 
M & SD* 

 

Parameter Correlation GOF 

TSS 15.5 
8.64 -0.3330 0.1275 11.34 

7.77 

TDS 611.12 -0.3148 0 298.84 
43.48 154.18 

Ca-Hardness 0.5246** 0.074 136.70 
26.71 

132.04 
71.86 

COD 18.72 -0.2689 0.5637 36.31 
102.1 100.70 

pH 8.11 -0.6529** 0.1275 8.00 
0.32 0.26 

Alkalinity 200.90 
27.78 0.0472 0.0296 143.28 

71.26 

BOD5
13.92 
3.18 0.6460** 0.5637 14.41 

5.50 
Specific 

Conductance 
0.46 
0.23 

0.92 
0.06 -0.3629 0 

Ammonia 0.13 
0.07 0.7581** 0.2082 0.02 

0.02 

Copper 0.02 
0.02 -0.5542** 0.0012 0.23 

0.30 

Nickel 0.34 
0.1 0.1955** 0.2082 0.32 

0.20 

Nitrate 0.39 0.2208 0.4737 0.80 
0.57 0.73 

Nitrite 0.01 0.6603** 0.0403 0.04 
0.03 0.05 

Phosphate 0.62 0.6746** 0.0148 0.27 
0.35 0.20 

Zinc 0.4689 0.074 0.72 
0.15 

0.52 
0.21 

TVSS -0.0957 0.3209 15.50 
8.64 

11.34 
7.77 

M = Mean SD = Standard Deviation      *   Measurements in mg/L where appropriate 
K-S GOF = Kolmogorov-Smirnov Goodness-of-Fit  
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When comparing the information contained in Tables 4-8 through 4-10 some genera

observations become apparent.  Sixteen parameters were compared and correlated between B

Flow and Storm Flow for each watershed.  Some observations are: 

a. Significant differences between SF and BF exist in each watershed. 

b. Copper 

l 

ase 

and Phosphate are the only parameters to show significant differences in each 

opper has a higher mean and 

standard deviation in Storm Flows in each watershed.  Phosphate is lower in storm 

water in the agricultural and suburban watersheds. 

c. Significant differences exist between BF and SF in approximately 37.5 to 50 percent 

of the parameters in each watershed. 

d. In those watersheds where TDS indicates significant differences Specific 

Conductance also is significant.  This is understandable because of the conversion 

calculation between these two parameters. 

e. In both Hickory Creek and Pecan Creek there exist large differences in the mean and 

standard deviation of BF and SF for TSS.  However, these differences were not 

identified as significant by the KS GOF test nor are they correlated.  This is 

understandable because these large differences are the result of extremes in the data 

causing large deviations from the mean. 

f. COD, Nickel and Nitrate are not identified as significantly different in BF or SF in 

any of the watersheds. 

If the correlation data are reviewed for other substantial correlations, it is possible to 

determine other substantial correlations with parameters outside those sixteen selected.  In 

watershed.  Both of these parameters are pollutants that may be washed off of 

impermeable surfaces into the storm water flow.  C
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addition, K-S GOF data analysis was run on all parameters collected for each watershed.  Other 

substantial differences exist but were elim nsideration by the selection of the 

sixteen recommended parameters.  The data on all K-S GOF comparisons is contained in 

Appendix F. 

The Ho for this comparison was stated as:  “Base Flow pollutant concentrations and storm 

water pollutant concentrations will not differ within each stream.”  This hypothesis must be 

rejected because there are multiple significant differences between the Base Flows and Storm 

Flows for each of the watersheds. 

 

4.12   Effectiveness Of The Analysis Effort 

 

Addressing the set of hypotheses for the analysis of the Base and Storm Water Flows was 

accomplished using both graphical analysis of collected data and statistical analyses using 

analytical tools available to the small municipal environmental staff.  The use of the S-PLUS 

Statistical Software Package©, while not in common place usage in the municipal arena is an 

added analysis capability that would allow the staff personnel to address more of the pollutant 

parameters and gain a knowledge of the watersheds.  However, the use of the charting 

capabilities available from readily available spreadsheet software allows the staff to view the 

data in a manner that depicts the pollutant and the quantitative value of that pollutant at each 

sampling station.  Chart D-74 is a good example of the information available to the 

environmental staff.  Total Suspended Solids were relatively low for most of the collection 

period.  Storms #4 and #5 produced large TSS surges at collection site PC 4 with the TSS value 

returning to more normal levels for storm flows at site PC 5.  The staff would need to look at that 

inated from co
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portion of the drainage system being presented between PC 3 and PC 4.  This trend is also 

reinforced in Chart D-78 where co e trend in Turbidity 

shown in the TSS chart.  In this case the disturbance in the watershed causing this spike may be 

present

ental 

llection sites PC 3 and PC 4 reflect th

 between PC 2 and PC 3 with additional land disturbances impacting the storm flows 

within that range.   

The combination of charts and statistical evaluations can assist the municipal environm

staff in understanding their watersheds and receiving waters. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

This chapter provides conclusions of the research completed for this dissertation.  Some 

recommendations for further storm water runoff research are given.   

Urban storm water runoff will continue to present major challenges to many communities 

within the United States.  The better municipal management understands the impact storm water 

has on water quality the greater the potential for informed decision-making by that management. 

Assessment of urban storm water quality is a very complex task.  Concentrations of 

different chemical combinations in urban runoff will change as runoff travels through the 

collection system on the way to receiving waters.  Dilution and dispersion will most probably 

occur during this travel and will continue to impact concentrations of contaminants as they travel 

further from the source.  Identifying the contaminant sources and eliminating them is the most 

effectiv

s that may harm both the aquatic life in the receiving water and the 

users o

5.1 Introduction 

 

e treatment for storm water pollutants.  As stewards of the environment entrusted to 

them, municipalities and other governmental jurisdictions must develop a monitoring system to 

identify those contaminant

f that water source within the watershed. 
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5.2 Conclusions Regarding The Storm Water System Monitoring  

Manual For The Small Municipality 

 

The manual produced for Chapter 3 of this dissertation is intended as a Users Guide for 

small municipalities to aid in establishment of their storm water programs under EPA NPDES 

Phase II requirements.  This manual should provide a systematic approach to the required 

minimum control measure of “Developing an Illicit Connection Detection Program” for their 

Storm W he small 

al procedures when directed by state or federal 

agencie

 

ater Management Program.  In addition, the manual is intended as a guide for t

municipality in establishing its own receiving waters monitoring program.   

The use of inexpensive analysis tools and monitoring devices is in no way intended to 

replace the requirements for intense analytic

s.  However, these devices do allow the municipal staff to obtain useful quantitative data 

about their outflows and receiving waters in a manner that is less expensive.   

The Users Manual has been reviewed and employed by several small municipalities and

their comments have been incorporated where appropriate.   

 

5.3 Conclusions Regarding The Analysis Of Three Watersheds 

Within Denton County, Texas 

 

The analysis of the three watersheds within Denton County, Texas was undertaken to 

prove the basic theme of this dissertation.  During the data gathering phase of this research, a 

single individual collected the samples and recorded field data.  Laboratory analyses were 
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conducted using those devices identified in Chapter 4.  Data collected were used to address 

several basic questions about the three watersheds.  

Was there a difference between the pollutants in the base flows and storm water flo

within each watershed?  The analysis, both graphic and statistical, indicated that there were 

significant differences between these flows for each watershed.  The parameters contributing to 

the differences varied slightly for each of the watersheds.  However, significant differences 

between B

ws 

ase Flows and Storm Flows did exist for more than 35 percent of the parameters 

analyze

s 

The research question that remains constant throughout all of these considerations is 

“How can we effectively prevent and reduce toxic pollutants from entering our receiving waters 

in the urban watershed?   

There is a need to develop and evaluate methods for characterization of toxic pollutants 

in the urban watershed during storm events.  These methods must be accurate and precise and as 

close to real time as possible.  In addition, there is a need to develop and demonstrate 

methodologies for the most cost-effective pollution prevention and source control strategies.   

d in each watershed. 

The techniques used in the data collection and analysis portion of this dissertation were 

designed to allow the small municipal staff to gain valuable information about the watershed

within their jurisdiction.  Within that context analysis of three watersheds within Denton County, 

Texas was a successful effort in establishing a base of information about the watersheds and 

some of the pollutants within the receiving waters. 

 

5.4 Recommendations For Further Work 
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There is also a need to develop, evaluate and demonstrate new, low-cost, high rate 

identification and treatment technologies for removing toxic pollutants from urban runoff.  

NPDES Phase II requirements will direct smaller municipalities in the investigation of their 

storm water system discharges and the impact these discharges have upon the receiving waters.  

These municipalities will be required to implement best management practices that have 

measurable end points.  Development of identification and treatment technologies will have to 

address

its at 

Of high priority is the lack 

of knowledge about the interaction with and impact of metals on the environment.  The presence 

of metals in storm water and their corresponding toxicity are just beginning to be addressed by 

the regulatory agencies within the State of Texas (TNRCC 2001).  In addition, research into the 

multitude of combinations of different organic and inorganic chemicals in storm water and their 

combined toxicities is an open field of study.  There are very limited sources of data on many of 

the organic chemicals found in storm water, and as anthropogenic chemicals continue to be 

developed the potential combinations of chemicals increases exponentially (Herbert 2002).   

rm 

 

torm 

 the problem of implementation within the constraints of limited budgets and staff. 

A more intensive effort is necessary from all managers for the incorporation of 

management efforts into a watershed framework.  EPA has called for a watershed effort for 

decades and it is now time that municipal managers begin to look beyond the municipal lim

the watershed properties surrounding them. 

There exists within storm water research several weak points.  

While there is very limited data on many of the organic chemicals identified in storm 

water, there appears to be even less data available on the microbiological contaminants in sto

water.  Indicator organisms that can properly assess the quality of storm water must be identified

and accepted.  While several studies have identified fungi and parasites as being present in s
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water these types of organisms were not identified as being invasive, pathogenic or saprophytic 

(Dutka and Rybokowski 1987, Dutka and Tobin 1987, Field et al. 1998, Field et al. 1975, 

Makepeace et al. 1995, Moore 2002).  This research only brushed the edges of the area of 

microbiological contaminants in storm water.  Wastewater treatment plants regularly determine

the microbiological composition of their process flow.  It is not unreasonable to try to determine

the microbiological as well as pathogenic composition of the storm water input to receiving 

waters.   

Studies of urban impact on receiving waters should be conducted using a stake-holder

developed approach in

 

 

 

 which all participants work together to develop an appropriate assessment 

of the b

tion 

ve 

d 

small 

her issues important to stakeholders in the Phase II process include bed sediment 

problem

ent of 

 

eneficial use impairment of the receiving waters caused by storm water runoff (Lee 

2002).  In this vein, recent studies indicate that the involvement of stakeholders in data collec

and analysis, as well as the establishment of measurable objectives are critical to a collaborati

planning process within the watershed.  The establishment of trust among stakeholders is critical 

and requires frequent interface of the participants (Bentrup 2001).  Community involvement an

public outreach are both minimum control measures of the NPDES Phase II program for 

municipalities. 

Ot

s and a determination of the composition and impact of the re-suspension of that bed 

during large episodic events.  A study conducted by EPA indicated that as much as 9 perc

sediments in waters of the U.S. are toxic.  In addition, the study identified approximately 3,000

fish advisories, many of which list contaminants within the sediment as the contributory cause 

(USEPA 1998).   
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Multiple studies within the past 15 years have shown that contaminated sediments can 

have lethal and long term serious impacts to both aquatic and terrestrial organisms.  The 

initiation of a limited sampling effort to collect baseline data in areas of deposition and an 

evaluation of the potential point and nonpoint sources of pollutants into the ecosystem should

considered on a watershed basis.  Consideration must be given to historic, as we

 be 

ll as current, use 

of the water source arriving over the sediments (Fox 2002). 

Additionally, consideration should be given to the presence of atmospheric deposition of 

pollutants.  Understand this source of pollutant should help to bring control over all pollution in 

the watershed and may help to drive the cooperative efforts of regional municipalities in the 

control and remediation of pollutants from atmospheric deposition.  For example, a power 

generation facility that produces electricity for many communities may be the source of 

depositional pollutants that must be controlled as a regional problem. 

 

e 

 

osed on 

 have already identified 21,000 impaired water bodies encompassing more 

than 300,000 river and shore miles and 5 million lake acres (Reckhow et al. 2001).   

There appears to be no formalized process to capitalize on lessons learned, to transfer 

technology, and to share knowledge.  Aside from the reported lack of data for modeling and 

evaluation necessary to comply with TMDL regulations, when data are available, they are often 

ot the type needed for source identification and TMDL analysis.  For over 30 years water 

A concerted effort to tie data obtained during BMP evaluation into databases for the 

development of Total Maximum Daily Load (TMDL) determinations is needed (Maidment

2002).  This need will be accentuated as more small municipalities start to develop measurabl

BMPs under the NPDES Phase II program.  EPA currently estimates that approximately 4,000

TMDLs will need to be completed each year to meet the 13 year deadlines currently imp

that process.  States

n
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quality management has been driven by t nt sources of pollution and the use of 

effluent-based wa nt-based water 

quality standards, whose goal is to return to the defining of acceptable standards of water quality 

in the natural environment for designated water uses and limiting point and nonpoint source to 

the TMDL so that these standards can be met (Maidment 2002).  Distinguishing between water 

quality criteria that indicate a water body is not supporting its appropriate uses and criteria for 

evaluating whether a proposed discharge will impair those uses needs investigation so that 

appropriate management decisions may be made using realistic and scientifically defensible 

water quality criteria. 

Data must be interpreted through the filter of analytical techniques, and the results of 

such data analysis is information that can support decision-making.  Knowing what data are 

needed and turning those data into information constitutes the science behind a water quality 

management program.  The techniques for transforming data into information include statistical 

inference methods, simulation modeling of complex systems and simply the application of the 

best professional judgment of the analyst (Reckhow et al. 2001).  In addition, use of this 

information at the community level is one of the primary concerns of the NPDES Phase II 

program. 

As municipalities react to the NPDES Phase II program and their involvement becomes 

established through the development of their Storm Water Management Programs, more 

structural BMPs will be established in both housing developments and storm sewer retrofits.  

There are manufacturers currently developing and producing storm water filtering and straining 

devices that are reported to provide removal of many of the pollutants characteristically found in 

urban runoff.  These structural BMPs give rise to several areas of concern for future research.  

he control of poi

ter quality standards.  The focus has begun to change to ambie
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First, there is currently no established rating organization that can evaluate these devices in order 

 Better or 

that may 

be providing less than adequate removal of suspended solids or may cause the community to 

commit to large maintenance expenses to keep the device at peak performance. 

 may actually require 

certain levels of water to be held within them in order to function properly.  This standing water 

may become a breeding ground for mosquitoes or other insects.  Disease vector control is a 

p ent of the municipali on of 

the Storm Water Department (Messer 2002).  An outbreak of a m squito-related disease, such as 

m alitis or West Nile virus could be costly in both dollars and human 

h

n, public perception of st m water treatm

bad position if it became evident that the very devices that were responsible for removing 

pollutants from  water were responsible for health problems.  Using insecticides within 

structural BMPs to control disease vectors introduces a pollutant to the storm water and thus 

begins a spiral of measure and countermeasure that is unacceptable in any municipality 

(K

In conclusion, honest attempts must be made to understand the composition and nature of 

t  o  storm water pollutants.  Understanding our impact 

o  for th necessary and a propriate management decisions in 

the recovery of our nations waters. 

 

to establish the manufacturers claims.  Without at least a categorical rating of “Good,

Best” the small municipality is left to its own evaluation of the capabilities of a device 

Additionally, many of these devices maintain residual waters and

roblem for the Public Health Departm ty and not often a considerati

o

alaria, St. Louis enceph

ealth.  

 In additio or ent efforts would be placed in a very 

 storm

asperson 2002). 

he streams and rivers being impacted by ur

n the environment is the foundation e p
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APPENDIX A 

ATER COLLECTION AND ANALYSIS FORM STORM W
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Water Sample Report Sheet 
 

Date Collected                   Location                        Site # _______Date Tested                     

Weather: Air Temp._________°C    Rain: Y    N   Cloudy                     Sunny                         

Barometric Pressure ______________Estimated/Measured Flow Rate:______       ______ 

Color:  None    Clear     Brown     Green     Gray     Sediment       Other _____        _____ 

Grab Sample_________      Composite Sample __________       First Flush______________

Obvious Floaters:   None     Debris     Petroleum     Sewage    

 

               Test                                                     Measurement                  Notes 

Ammonia Nitrogen - Low Range  RB =                DF =  
   

 
Free Ammonia (as NH3) in water 

 
          

 
          %  From Appendix  (pH and Temp) 

  
         Unionized Ammonia (NH3) ppm  

 
(NH3-N) x 1.2 = Ammonia (NH3) 

 
          Ionized Ammonium (NH ) ppm 

 
 

 
(NH -N) x 1.3 = Ammonium 4 3
(NH4) 

   
Alkalinity   
   
Bromine (No Chlorine)   
   
Bromine (In Presence of Chlorine)   
   
Chlorine (Free)   
   
          Total Chlorine   
   
          Combined Chlorine   
 
Carbon Dioxide 

 
 

 
 

 
Chlorine Dioxide 

 
 

 
 

 
Chloride 

 
 

 
 

 
Chromium Hexavalent ppm 

 
 

 
 

 
          Chromate (CrO4) ppm 

 
 

 
Chromium x 2.23 

 
          Sodium Chromate (Na2CrO4) ppm 

 
 

 
Chromium x 3.12 

 
Chemical Oxygen Demand (0-900 ppm) 

 
 

 
 

 
Copper    (0 - 5 ppm) (High Range) 

 
 

 
 

   
Detergent   
Dissolved Oxygen Percentage  DataSonde 
Fluoride  

 
 
RB=   
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Hardness   
 
        As Calcium Hardness 

  
  

 
        As Magnesium Hardness   

  

 
Iodine (pp

  
m)   

 
Iron (0.0 - 5.0 ppm)   

  

 
Nitrate - Nitrogen ((0.0 - 3.0 ppm)  (NO

  
3-N) x 4.4 

 
          Nitrate (NO3) ppm 

 
 

 
 

 
Nitrite - Nitrogen (NO -N) (0 - 0.7)ppm 

 
 

 
 (NO -N) x 3.3 2 2 

 
          Nitrite ppm   

  

 
pH 

  
  

 
Phenols   

  

 
Phosp

  
hate — High Range (0 - 80.0 ppm)  RB =  

 
Potassium (1.0 - 10.0 ppm)  RB =                DF =  

  

 
Silica - Low (0.0 - 4.0 ppm)   

  

 
Specific Conductivity  DF =  

  

 
Sulfate (0 - 100 ppm)   

  

 
Sulfide (0.0 - 3.0 ppm)   

  

 
Temperature   (Sample) °C 

 
   

 
 

 
Total Dissolved Solids 

 
 

 
SC = 

 
Turbidity 

 
  

* RB = Reactant Blank** DF = Dilution Factor   *** SC = Smart Colorimeter 
Coliform Tests:  Pos______  Neg__      TC_______   FC_                     _  all counts per 100 ml 
TSS                     TVSS                                     
Weight of Pannet and Filter (Washed and Dried)                                                                               
Weight of Pannet and Filter after 100/200 ml of sample filtered                                                       
Weight of Pannet and Filter after 500°C for 30 min                                                                         
BOD5 Value (mg/L):                              Initial DO:                       Final DO:                                  
BOD5 dilution factor                                Seed Used: Yes    No 
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Site Observations 

___________________________________________________________________________________

____________________________________________________________________________________

_______________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

__________________________________________ 

Laboratory Notes 

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________ 

_

____________________________________________________________________________________

_____________________________
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Cooper Creek Collection Sites 

 
Cooper Creek Sampling Site #1 

 
 

inda Lane, in the housing 
area off of State Highway 2164. 
 

B-1  CC Sampling Site #1 looking north at the barricade at end of L
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-2  CC Sampling Site #1 looking northwest from within the grassy swale at head of Cooper B
Creek.   
 

 
 
B-3  CC Sampling Site #1 looking southeast at State Highway 2164 crossing. 
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Cooper Creek Sampling Site #2 

 
 
B-4  CC Sampling Site #2 at culvert bridge on Windsor Drive. 
 

 
 
B-5  CC Sampling Site #2 looking north of bridge on Windsor Drive. 
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B-6  CC Sampling Site #2 looking south of bridge on Windsor Drive. 

 

 
Cooper Creek Sampling Site #3 

 
 

B-7  CC Sampling Site #3 looking at bridge over Cooper Creek on Mingo Road. 
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go Road. B-8  CC Sampling Site #3 looking east from the bridge on Min
 

 
 

B-9  CC Sampling Site #3 looking west from bridge on Mingo Road at Cooper Creek. 
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Cooper Creek Sampling Site #4 
 

 
 
B-10  CC Sampling Site #4 looking north at bridge on Mayfield Road. 
 
 

 
 

B-11  CC Sampling Site #4 looking west of Mayfield Road. 
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B-12  CC Sampling Site #4 looking east from Mayfield Road. 
 

Cooper Creek Sampling Site #5 
 

 
 
B-13  CC Sampling Site #5 looking north at bridge across Trinity Road. 
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B-14  CC Sampling Site #5 looking northwest of bridge on Trinity Road.    
 
 

 
 
B-15  CC Sampling Site #5 looking southeast of bridge on Trinity Road. 
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PECAN CREEK 

Pecan Creek Sampling Site #1 
 

 
 
B-16  PC Sampling Site #1 at culvert bridge on Payne Drive. 
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B-17  PC Sampling Site #1 looking northwest at drainage from agricultural field. 
 
 

 
 
B-18  PC Sampling Site #1 looking south of culvert bridge on Payne Drive. 
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Pecan Creek Sampling Site #2 

 
 
B-19  PC Sampling Site #2 at Gay Drive culvert bridge. 
 
 

 
 
B-20  PC Sampling Site #2 looking southeast along Pecan Creek grassy ditch. 
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B-21  PC Sampling Site #2 from Gay Drive looking northwest. 
 

Pecan Creek Sampling Site #3 
 
 

 
 

B-22  PC Sampling Site #3 is a cement lined channel beside Denton Road at Fulton Junior High 
School and adjacent to the school athletic field. 
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B-23  PC Sampling Site #3 looking north at the cement channel. 
 
 

 
 

B-24  PC Sampling Site #3 looking south at the cement channel. 
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Pecan Creek Sampling Site #4 
 

 
 

B-25  PC Sampling Site #4 at bridge on Woodrow Lane. 
 

 

 
 

B-26  PC Sampling Site #4 looking north from Woodrow Lane. 
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B-27  PC Sampling Site #4 looking southeast from the bridge. 
 

Pecan Creek Sampling Site #5 
 

 
 
B-28  PC Sampling Site #5 behind Waste Water Treatment Plant office building looking at 
broken concrete over an unused sanitary sewer pipe. 
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B-29  PC Sampling Site #5 looking northwest.  
 
 

 
 
B-30  PC Sampling Site #5 looking southeast.  (Note debris in the trees) 
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Hickory Creek Collection Sites 
 

Hickory Creek Sampling Site #1 
 

 
 

 

B-31  HC Sampling Site #1 at road crossing looking south on C Wolf Road. 
 

 
 
B-32  HC Sampling Site #1 looking west from low water crossing. 
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B-33  HC Sampling Site #1 looking east from C Wolfe Road. 
 

Hickory Creek Sampling Site #2 
 

 
 
B-34  HC Sampling Site #2 at bridge on Tom Cole Road looking east. 

 268



 

 
 
B-35  HC Sampling Site #2 view from bridge on Tom Cole Road looking south. 
 
 

 
 
B-36  HC Sampling Site #2 view from bridge on Tom Cole Road looking north. 
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Hickory Creek Sampling Site #3 

 

 
 

B-37  HC Sampling Site #3 looking west at bridge on Jim Christal Road. 
 

 
 

B-38  HC Sampling Site #3 looking north from the bridge on Jim Christal Road. 
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B-39  HC Sampling Site #3 looking south from the bridge on Jim Christal Road. 
 

Hickory Creek Sampling Site #4 
 

 
 

B-40  HC Sampling Site #4 at road crossing looking north from Underwood Road. 
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B-41  HC Sampling Site #4 looking west from low-water crossing on Underwood Road. 
 
 

 
 

B-42  HC Sampling Site #4 looking east from the crossing on Underwood Road. 
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Hickory  Site #5 
 

 Creek Sampling

 
 

B-43  HC Sampling Site #5 from the north bank looking west at bridge on Old Alton Road. 
 
 

 
 

B-44  HC Sampling Site #5 from north bank looking southeast. 
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Industrial Sampling Collection Site 

 

 
 
B-45  Industrial Sampling Site looking at outfall from Truck Assembly Area. 
 

 
 

B-46  Industrial Sampling Site looking south at culvert system leaving plant.  At this point the 
flow is to the southeast where it joins a tributary of Hickory Creek. 
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E-2  Summary Statistics for Base Flow and Storm Flow Comparisons 
 
     ree ... ... ..............................370 
        Pecan Creek ...........................................................................................375 
        Cooper Creek ... ... ..............................380 

   Hickory C k.................. ..................... .............

................... ..................... .............
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***Su ary Statistics for Data in:  Hickory Creek ** 
 

S 4.5 
umm

Min:        0.000 

3rd Qu.:    0.031 
Max:        0.040 
Total N:   25.00 
NA's :      0.000 
Std Dev.:   0.114 
 

BF.Ammonia      Alkalinity     BF.Alkalinity   Aluminum  
Min:       0.010      76.00       89.00           0.00 
1st Qu.:   0.010     128.00      139.50           0.01 
Mean:      0.027     180.48      172.40           0.02 
Median:    0.014     190.00      190.00           0.02 
3rd Qu.:   0.021     200.00      200.00           0.02 
Max:       0.085     296.00      235.00           0.03 
Total N:  25.00      25.00       25.00          25.00 
NA's :    15.00        0.00        15.00           0.00 
Std Dev.:  0.028      57.20       45.74           0.01 
 

BF.Aluminum           BOD5     BF.BOD5         Bromine  
Min:       0.01        2.80        8.67           0.05 
1st Qu.:   0.01        6.35        10.37           0.08 
Mean:      0.01        11.12       14.26           0.13 
Median:    0.01        8.55        13.10           0.10 
3rd Qu.:   0.01        14.40       15.42           0.19 
Max:       0.02        26.00       28.80           0.26 
Total N:  25.00       25.00       25.00          25.00 
NA's :    15.00        0.00        15.00           0.00 
Std Dev.:  0.00        6.60        5.93           0.07 
 

BF.Bromine           Cl.Total    BF.Cl.Total   Chloride 
Min:       0.00        0.00        0.01          16.00 
1st Qu.:   0.00        0.02        0.02          20.00 
Mean:      0.02        0.05        0.04          26.40 
Median:    0.02        0.04        0.04          24.00 
3rd Qu.:   0.03        0.07        0.04          32.00 
Max:       0.03        0.16        0.10          40.00 
Total N:  25.00       25.00       25.00          25.00 
NA's :    15.00        0.00        15.00           0.00 
Std Dev.:  0.01        0.04        0.03           7.14 

mm

Report Download from SPLU
"Numeric S aries": 
 
Ammonia  

1 st Qu:   0.012 
Mean:       0.019 
Median:     0.020 
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BF.Chloride        Chromium  hromium    COD  
Min:       26.00       0.00         0.00           36.00 

st Qu.:   32.00       0.01         0.00           56.00 
Mean:      40.20       0.01         0.00           86.98 
Median:    38.00       86.00 
3rd Qu.:   45.50       110.00 
Max:       
Total N:   
NA's :     .00         15.00            0.00 
Std Dev.:  11.91       0.01         0.01           34.22 
 

BF.COD               Copper       BF.Copper       DO  
Min:       
1st Qu.:   90.75       0.08         0.02            5.10 
Mean:     108.00       0.20         0.06            6.00 
Median:   106.50       0.13         0.04            6.18 
3rd Qu.:  117.25       0.26         0.08            7.68 
Max:      163.00       0.67         0.18            8.13 
Total N:   25.00      25.00        25.00           25.00 
NA's :     15.00       0.00         15.00            0.00 
Std Dev.:  28.06       0.17         0.05            1.69 
 

BF.DO             Hard Total     BF.Hard. Total  
Min:       2.67        48.00        79.00  
1st Qu.:  4.46       148.00       173.75        
Mean:      5.13       155.64       185.10        
Median:    5.16       160.00       188.00        
3rd Qu.:   6.23       175.00       199.00        
Max:       7.00       248.00       286.00        
Total N:  25.00       25.00        25.00        
NA's :    15.00        0.00         15.00        
Std Dev.:  1.44        46.11        62.95       
 

Ca..Hard           BF.Ca..Hard     Mg. Hard  
Min:       40.00      63.00           6.00  
1st Qu.:  124.00     137.00          11.00  
Mean:     136.72     143.70          18.92  
Median:   136.00     142.50          20.00  
3rd Qu.:  152.00     154.00          25.00  
Max:      238.00     230.00          32.00  
Total N:   25.00      25.00          25.00  
NA's :      0.00       15.00           0.00  
Std Dev.:  45.99      50.68           7.99  

    BF.C

1

0.01         0.00           
0.02         0.00          

68.00       0.03         0.04          152.50 
25.00      25.00        25.00           25.00 
15.00       0

68.00       0.02         0.00            3.10 
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BF.Mg..Hard        Iodine       BF.Iodine      Iron  
Min:       16.00      0.07         
1st Qu.:   36.00      0.14         

0.02           0.01 
0.06           0.05 

ean:      41.40      0.24         0.08           0.25 
          0.18 

rd Qu.           0.34 

0.00        15.00           0.00 
0.13         0.05           0.23 

  
in:       0.03      0.00         0.01            0.08  

st Qu.:   0.04       0.014         0.011            0.55  
            0.69  

edian:  0.68  

25.00        25.00           25.00  
 0.00  
 0.32  

BF.Molybdnum       Nickel       BF.Nickel  
in:       0.03        0.14         0.15  

 
ean:   

Median:    0.36        0.22         0.24  
0.28         0.34  
0.40         0.43  

Nitrate.NO3.     BF.Nitrate.NO3.    Nitrite.NO2  
     

1st Qu.:   0.03        0.20          0.03      

0.39          0.07      
0.64          0.30      

td Dev.:  1.17        0.18          0.07      

M
Median:    40.50      0.22         0.08 

:   53.50      0.34         0.11 3
Max:       58.00      0.53         0.20           0.78 
Total N:   25.00     25.00        25.00          25.00 
NA's :     15.00      
Std Dev.:  13.68      
 

BF.Iron           Manganese    BF.Manganese     Molybdnum
M
1
Mean:      0.08       0.033         0.036

    0.06       0.029         0.017           M
3rd Qu.:   0.10       0.031         0.021            0.89  

0.095         0.017            1.50  Max:       0.20       
Total N:  25.00      
NA's :    15.00      0.00        15.00           
Std Dev.:  0.05       0.028         0.051           
 

M
1st Qu.:   0.19        0.18         0.17 

   0.42        0.24         0.26  M

3rd Qu.:  0.49       
Max:       1.35        
Total N:  25.00      25.00        25.00  
NA's :    15.00       0.00        15.00  
Std Dev.:  0.37        0.08         0.11  
 

Min:       0.00        0.13          0.00 

Mean:      0.82        0.32          0.07      
0.26          0.04      Median:    0.13        

3rd Qu.:   1.58        
Max:       3.39        
Total N:  25.00      25.00         25.00      
NA's :     0.00       15.00          0.00      
S
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BF.Nitrite..NO2    pH         BF.pH  
in:       0.04        7.63          8.02 

7.95          8.22 

A's :    15.00       0.00         15.00 
td Dev.:  0.09        0.21          0.39 

Phosphate.PO4      BF.Phosphate.PO4    Potassium  
Min:       0.00        0.03               4.60  

0.92               5.50  
2.72               8.79  

25.00      25.00              25.00  
A's :     

 

0.14         0.31          10.00 
 0.38         0.47          32.00 

40.68 

18.30        0.86         0.86          82.00 
25.00 

A's :             0.00 
td Dev.:  2.23        0.18         0.19          16.73 

Sulfide      BF.Sulfide      TDS  
 0.00         0.01           0.09 

1st Qu.:   24.92        0.00         0.03           0.24 

rd Qu.:   50.55        0.02         0.06           0.44 
          0.63 
          25.00 

NA's :     15.00        0.00        15.00           0.00 

M
1st Qu.:  0.09        7.82          8.10 

     7.96          8.39 Mean:      0.16   
Median:    0.13        
3rd Qu.:   0.20        8.15          8.79 
Max:       0.33        8.30          8.96 
Total N:  25.00      25.00         25.00 
N
S
 

1st Qu.:   0.20        
Mean:      0.79        
Median:    0.71        2.56               6.00  
3rd Qu.:   1.03        3.04               8.74  
Max:       3.00        7.00              40.00  
Total N:  
N 0.00       15.00               0.00  
Std Dev.:  0.74        2.52               7.47 
 

BF.Potassium        SpCond        BF.SpCond     Sulfate  
Min:       11.00        
1st Qu.:  12.98       
Mean:     13.94        0.49         0.61          
Median:   13.55        0.48         0.61          39.00 

rd Qu.:  15.18        0.59         0.79          51.00 3
Max:      
Total N:  25.00       25.00        25.00          
N   15.00        0.00        15.00
S
 

BF.Sulfate            
Min:       18.00       

Mean:      41.41        0.01         0.05           0.33 
edian:    38.00        0.00         0.04           0.31 M

3
Max:       81.00        0.12         0.09 
Total N:   25.00       25.00        25.00

Std Dev.:  20.15        0.03         0.03           0.13 
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BF.TDS             Turb.Hydrolab.     BF.Turb.Hydrolab.  
          

st Qu.:   0.31       8.50               9.12           

38.00              14.00           
201.00              19.50           

td Dev.:  0.14      38.80               4.33           

       BF.TSS         TVSS  
Min:       0.13       0.00        5.00       20.00          0.00 
1st Qu.:   0.18       0.07       20.00      26.25         10.00 
Mean:      0.20       0.08      109.72      36.00         47.36 

0.08       45.00      30.00         20.00 
   37.50         25.00 

      360.50 
       25.00 

A's :     0.00      15.00       0.00       15.00          0.00 
td Dev.:  0.04       0.03      154.42      17.92         96.01 

BF.TVSS              Rain.mm     BF.Rain.mm  

15.00       0.00   
26.96       0.00   

Median:    15.00       31.00       0.00   

otal N:   25.00       25.00      25.00   
A's :     

  
 

Min:       0.26        0.00             7.50 
1
Mean:      0.44      30.00              12.25           

22.00              11.00           Median:    0.42      
3rd Qu.:   0.58      
Max:       0.63     
Total N:  25.00      25.00              25.00           
NA's :    15.00      0.00              15.00           
S
 

Zinc       BF.Zinc       TSS 

Median:    0.20       
3rd Qu.:   0.22       0.10       70.00   
Max:      0.28       0.12      509.50      75.00  
Total N:  25.00      25.00      25.00      25.00  
N
S
 

Min:       10.00       13.00      0.00   
1st Qu.:   10.00       
Mean:      18.50       

3rd Qu.:   18.75       38.00       0.00   
ax:      50.00       40.00       0.00   M

T
N 15.00        0.00       15.00   
Std Dev.:  12.70       11.16       0.00 
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***  Summary Statistics for Data in:  Pecan.Creek *** 

ean:      2.35        0.12       
edian:    2.70        0.02       

ax:       4.51        0.60       

15.00       
0.21       

 

st Qu.: 64.00   

3rd Qu.:   0.030        0.015          188.00   
 0.028          240.00   

td Dev.:  0.017        0.007           64.15   
 

BF.Aluminum  
in:     0.02    

0.03          0.02    
   0.04          0.03    

A's :      15.00        0.00         15.00    
td Dev.:   30.72        0.02          0.01    

5  5 Bromine  BF.Bromine  
  
  

13.24         0.18        0.01   
11.50         0.14        0.00   

3rd Qu.:  19.20      15.45         0.20        0.02   
06   

otal N:  25.00      25.00        25.00      25.00   
NA's :     0.00      15.00         0.00       15.00   
Std Dev.: 10.54      4.42         0.10        0.02   

Report Download from SPLUS 4.5 
"Numeric Summaries": 
 

Flow..FS.        Base.Flow..FS.  
Min:       0.50        0.00       
1st Qu.:   0.90        0.00       
M
M
3rd Qu.:   3.90        0.10       
M
Total N:  25.00      25.00       
NA's :     0.00       
Std Dev.:  1.46        

Ammonia   BF.Ammonia   Alkalinity  
52.00   Min:       0.000        0.005           

   0.006        0.01           1
Mean:      0.021        0.013          130.60   
Median:    0.021        0.01          123.00   

Max:       0.059       
Total N:  25.00       25.00           25.00   
NA's :     0.00        16.00            0.00   
S

BF.Alkalinity        Aluminum      
  131.00        0.00          M

1st Qu.:   173.00        0.03          0.02    
Mean:      189.10        0.03          0.02    
Median:    194.00        
3rd Qu.:   210.50     
Max:       228.00        0.06          0.03    
Total N:    25.00       25.00         25.00    
N
S
 

BOD     BF.BOD    
Min:       5.50       8.70         0.03        0.00 

10.39         0.12        0.00 1st Qu.:   6.50      
Mean:     14.23      
Median:    8.90      

Max:      43.60      22.20         0.45        0.
T
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Cl.Total              BF.Cl.Total        Chloride  

0.04               38.56 
0.02               44.00 

3rd Qu.:   0.09        0.04               60.00 
Max:       0.23        0.13               76.00 
Total N:  25.00       25.00               25.00 

A's :     0.00        15.00                0.00 
22.18 

 

Min:       58.00         0.00             0.00    
   0.01             0.01    

ax:       86.00         0.03             0.04    
25.00    

A's :  15.00    
td Dev.:   8.35         0.01             0.01    

BF.COD     Copper     BF.Copper  
 74.50       0.00        0.02  

    0.04  

rd Qu.:  110.00       106.50       0.31        0.06  
ax:      242.50       171.50       0.86        0.10  

Total N:   25.00        25.00      25.00      5.00  
NA's :      0.00        15.00       0.00       15.00  

BF.DO           Hard.Total  
Min:        3.76        5.00            24.00     

edian:     8.52        6.00            88.00     
0     
0     

otal N:   25.00      25.00            25.00     

0.84            70.66     

Min:       0.00        0.01               10.00 
0.01               16.00 1st Qu.:   0.02        

Mean:      0.07        
Median:    0.06        

N
Std Dev.:  0.05        0.05               

BF.Chloride         Chromium           BF.Chromium  

1st Qu.:   69.00      
Mean:      73.30         0.01             0.02    
Median:    73.50         0.01             0.03    

rd Qu.:   79.50         0.02             0.03    3
M
Total N:   25.00        25.00            
N    15.00         0.00            
S
 

COD                   
Min:       36.00       
1st Qu.:   53.00        80.50       0.04    
Mean:      93.86        99.40       0.21        0.05  

edian:    80.00        87.50       0.15        0.06  M
3
M

Std Dev.:  52.09        30.44       0.24        0.02  
 

DO                    

1st Qu.:    8.05        5.66            56.00     
ean:       8.16        6.10           110.68     M

M
3rd Qu.:    9.00        6.30           180.0
Max:        9.36        7.86           240.0
T
NA's :      0.00       15.00             0.00     
Std Dev.:   1.30        
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BF.Hard...          Total Ca.Hard       BF.Ca...Hard  
in:        122.00       22.00             96.00     

Mean:       206.80       
  68.00            163.50     

A's :       15.00        0.00             15.00     
Std Dev.:    53.32       60.44             49.99     

Mg.Hard                BF.Mg.Hard       Iodine  

32.00             0.18 
38.70             0.34 

Total N:     25.00         25.00            25.00 

 Iron        BF.Iron        Manganese  
0.01  

edian:       0.09        0.37        0.26           0.028 
          0.039 

ax:              0.086 

Std Dev.:     0.07        0.51        0.14           0.019 

bdnum  
Min:         0.016         0.70               0.66     

st Qu.:      0.018         0.85               0.74     
Mean:         0.021         1.62              27.13     

    
rd Qu.     

              15.00     
Std Dev.:     0.004          0.87              82.88     

M
1st Qu.:    188.50       40.00            148.75     

92.64            168.10     
Median:     203.00     
3rd Qu.:    227.00      150.00            183.50     
Max:        300.00      212.00            253.00     
Total N:     25.00       25.00             25.00     
N

 

Min:          2.00         26.00             0.05 
1st Qu.:      6.00         

  Mean:        18.04       
Median:      14.00         40.50             0.30 
3rd Qu.:     26.00         44.25             0.45 
Max:         66.00         50.00             0.86 

NA's :        0.00         15.00             0.00 
Std Dev.:    14.79          8.21             0.21 
 

BF.Iodine             
Min:          0.02        0.04        0.06           
1st Qu.:      0.04        0.20        0.12           0.016  

ean:         0.11        0.51        0.24           0.031 M
M
3rd Qu.:      0.18        0.66        0.30 
M       0.20        1.97        0.50 
Total N:     25.00      25.00      25.00          25.00  
NA's :       15.00       0.00       15.00           0.00  

 
BF.Manganese      Molybdnum           BF.Moly

1

Median:       0.020         1.21               0.79 
:      0.023         2.25               0.96 3

Max:          0.029         3.30             263.00     
Total N:     25.00        25.00              25.00     
NA's :       15.00        0.00
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Nickel                     BF.Nickel            Nitrate.NO3.  
in:        0.16           0.16               0.00      

Mean:       0.29           0.29              
  0.28               2.25      

A's :      0.00           15.00              0.00      
td Dev.:   0.06           0.07               1.83      

BF Nitrate.NO3.            Nitrite...NO2  

0.06      
0.11      

otal N:
A's :  
td Dev.:   1.90            0.08      

pH         BF.pH  
   7.50       7.00 

1st Qu.:    0.10            7.97       8.26 

rd Qu.:    0.20            8.31       8.59 
ax:        0.30            8.90       8.92 

Total N:   25.00           25.00      25.00 
NA's :     15.00            0.00      15.00 
Std Dev.:   0.10            0.36       0.53 
 

Phosphate.PO4         BF.Phosphate.PO4    Potassium  
Min:         0.00           0.03                 2.90  
1st Qu.:     0.00           0.08                 3.65  
Mean:        0.78           0.09                 5.13  
Median:     0.17           0.10                4.40  
3rd Qu.:     0.89           0.12                 6.10  
Max:         3.90           0.15                11.20  
Total N:    25.00          25.00                25.00  
NA's :       0.00          15.00                 0.00  
Std Dev.:    1.22           0.04                 2.16 

M
1st Qu.:    0.25           0.26               1.14      

 2.47      
Median:     0.30         
3rd Qu.:    0.35           0.34               3.74      
Max:       0.38           0.38               7.63      
Total N:   25.00         25.00              25.00      
N
S
 

Min:        0.48            0.00      
1st Qu.:    1.77            

   Mean:       2.97         
Median:     2.58            0.10      
3rd Qu.:    4.14            0.13      

ax:        6.29            0.30      M
T    25.00           25.00      
N    15.00            0.00      
S
 

BF.Nitrite...NO2          
Min:        0.00         

Mean:       0.15            8.16       8.31 
edian:     0.10            8.08       8.37 M

3
M
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BF.Potassium            SpCond        BF.SpCond        Sulfate  

1st Qu.:     6.08          0.29          
Mean:       10.58          0.48          

Min:         3.09          0.01          0.53              7.00 
0.61             18.00 
0.75             55.32 

Median:      6.93          0.50          0.72             57.00 
           88.00 

           168.00 

26         0.17              43.96 

BF.Sulfate             Sulfide        BF.Sulfide         TDS  

st Qu.:    93.75          0.00         0.01               0.17 
ean:       97.50          0.01         0.02               0.32 

              0.29 
rd Qu.               0.45 

120.00          0.18         0.03               0.62 
25.00        25.00              25.00 
0.00        15.00               0.00 

   0.04         0.01               0.18 

in:         0.35          6.00         8.00      
1st Qu.:     0.39         18.50         8.88      

      
edian:

25.00        25.00      

TSS                  BF.TSS         TVSS         BF.TVSS  
Min:       10.00      20.00           0.00        10.00 
1st Qu.:   35.00      40.00           8.00        11.25 
Mean:     203.44    118.00          63.70        67.50 

300.00         974.00       225.00 
25.00 

    15.00 

3rd Qu.:     9.01          0.69          0.92
Max:        31.20          0.90          0.96 

  

Total N:    25.00         25.00         25.00             25.00 
NA's :      15.00          0.00         15.00              0.00 
Std Dev.:    9.06          0.
 

Min:       63.00          0.00         0.00               0.01 
1
M
Median:    100.00          0.00         0.02 

:   109.50          0.01         0.03 3
Max:       
Total N:    25.00         
NA's :      15.00          
Std Dev.:   18.27       
 

BF.TDS                 Turb.Hyd.      BF.Turb.Hyd.  
M

Mean:        0.51         78.66        11.10
      0.49         41.00        11.00      M

3rd Qu.:     0.63         84.00        12.00      
337.40        18.00      Max:         0.68        

Total N:    25.00         
NA's :      15.00          0.00        15.00      
Std Dev.:    0.13         89.66         2.99      
 

Median:    60.00     90.00          10.00        40.00 
150.00          21.50        75.00 3rd Qu.:  140.00    

  Max:      1940.00  
Total N:   25.00      25.00          25.00        
NA's :     0.00      15.00           0.00    
Std Dev.: 423.04    106.02         194.42        76.75 
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Zinc                BF.Zinc      Rain.mm       BF.Rain.mm  
in:        0.06      0.08          14.00         0.00   

10          33.00         0.00   
0   

A's :      0.00     15.00           0.00        15.00   
td Dev.:   0.05      0.03          14.40        0.00   

M
1st Qu.:    0.13      0.10          15.00         0.00   

.11          30.72         0.00   Mean:       0.16      0
Median:     0.17      0.
3rd Qu.:    0.20      0.14          41.00         0.0
Max:        0.26      0.17          55.00         0.00   
Total N:   25.00     25.00          25.00        25.00   
N
S
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***  Summary Statistics for Data in:  Cooper .Creek *** 
 

monia  
   

ean:      1.2400       0.1900              0.0053            0.0102   
edian:    1.0000      0.1500              0.0020            0.0090   

rd Qu. 127   
ax:       2.5000       0.5000              0.0500            0.0300   

       0.0000           15.0000   
        0.0096             0.0096   

st Qu.:    68.0000     191.7500                  0.0100 
ean:   

rd Qu.:  200.0000     220.0000                 0.0300 

               25.0000 
0000                 0.0000 

in:          0.0200          6.8000             8.7500               0.0300 
st Qu.: 

0              0.1480 
edian:     0.0300       13.2000          13.9500              0.1200 

25.2000         18.9000               0.4100 
25.0000         25.0000             25.0000 

       0.0000 

 
BF.Bromine             Cl.Total          BF.Cl.Total  

0.0200      
0.0250      

ean:         0.0480        0.0460                0.0370      

0.0700                0.0475      
   0.1100                0.0500      

0000      

Report Download from SPLUS 4.5 
"Numeric Summaries": 
 

Flow.fs.      BF Flow.fs         Ammonia       BF.Am
Min:        0.3000       0.0000              0.0006             0.0010
1st Qu.:   0.7000       0.0000              0.0018             0.0023   
M
M
3 :   1.8000       0.3000              0.0050            0.0
M
Total N:  25.0000    25.0000           25.0000           25.0000   
NA's :     0.0000      15.0000      

2     Std Dev.:  0.6960      0.213
 

   Alkalinity   BF.Alkalinity          Aluminum  
in:         42.0000     136.0000                  0.0000 M

1
M  143.2800      200.9000                 0.0212 
Median:  128.0000     206.0000                 0.0200 
3
Max:       252.0000     230.0000                 0.0600 
Total N:    25.0000       25.0000
NA's :        0.0000        15.
Std Dev.  71.2668        27.7787                 0.0130 
 

    BF.Aluminum            BOD5            BF.BOD5           Bromine  
M
1     0.0200        11.0000          11.7500              0.0900 
Mean:        0.0300       14.4132          13.920
M
3rd Qu.:     0.0300       19.6000          15.9875              0.2000 
Max:          0.0500       
Total N:   25.0000       
NA's :      15.0000         0.0000           15.0000        
Std Dev.:   0.0115         5.5034            3.1812                0.0843 

Min:          0.0100        0.0100   
1st Qu.:      0.0200        0.0200   
M
Median:      0.0500        0.0300                0.0400      
3rd Qu.:      0.0675        
Max:           0.1100     
Total N:    25.0000       25.0000             25.
NA's :       15.0000         0.0000             15.0000      

td Dev.:    0.0333         0.0312               0.0125      S
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Chloride                 BF.Chloride          Chromium  
in:         12.0000        36.0000              0.0000 

56.0000           0.0100 
0.0100 

A's :       0.0000       15.0000           0.0000 
td Dev.:   25.0551      10.7992           0.0104 

BF.Chromium              COD               BF.COD        Copper  
   0.0000 

76.0000          95.2500        0.0500 
100.7000         102.1000        0.2340 

96.0000        0.1100 
  0.2000 
  1.1100 

otal N:   25.0000         25.0000          25.0000       25.0000 
A's :     15.0000        0.0000 

18.7228        0.3099 

1.1000      0.0600      44.0000     
  5.8000             2.8625      66.0000     

151.2400     

ax:        0.0500      10.6300       6.5200     260.0000     
otal N: 25.0000     
A's :  00       0.0000     
td Dev.:   0.0158       2.2705             1.9006      71.5718     

Total Ca.Hard         BF.Ca.Hard  
     30.0000             96.0000     

00     

rd Qu.:  195.5000     186.0000            144.5000     
195.0000     
25.0000     

A's :   15.0000       0.0000             15.0000     

M
1st Qu.:    22.0000        46.0000               0.0000 

52.8000               0.0108 Mean:      41.4400        
    Median:     32.0000   

3rd Qu.:    60.0000       60.0000           
Max: 1      00.0000       64.0000           0.0400 
Total N:    25.0000       25.0000          25.0000 
N
S
 

Min:        0.0000         29.0000          68.0000     
1st Qu.:    0.0000         

   Mean:      0.0070     
Median:     0.0100         96.0000          
3rd Qu.:    0.0100        130.0000         111.7500      

ax:        0.0200        161.5000         136.0000      M
T
N 15.0000          0.0000          
Std Dev.:   0.0067         36.3112          
 

BF.Copper               DO                BF.DO      Hard.Total 
Min:        0.0000       
1st Qu.:    0.0200     
Mean:       0.0240       7.0008             3.5160     
Median:     0.0200       7.9300             3.3450     186.0000     

rd Qu.:    0.0275       8.5200             4.2825     200.0000     3
M
T    25.0000      25.0000       25.0000      
N    15.0000       0.0000            15.00
S
 

BF.Hard...          
Min:       122.0000 
1st Qu.:  154.2500      48.0000            121.00
Mean:     176.7000     135.0400            136.7000     

edian:   174.5000     164.0000            139.0000     M
3
Max:      226.0000     248.0000            
Total N:  25.0000      25.0000             
N
Std Dev.:  32.8601      71.8572             26.7085     
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Mg...Hard              BF.Mg.Hard        Iodine  
Min:        3.0000       8.0000            0.0100 

 37.0000            0.1600 
 

A's :      0.0000      15.0000            0.0000 
td Dev.:  8.7607       17.3205            0.1639 

BF.Iodine             Iron        BF.Iron        Manganese  

0.1400      0.0650         0.0100  
 0.2716      0.1400         0.0277  

0.0129  

otal N:   25.0000       25.0000     25.0000        25.0000  
A's :     0.0000  

2         0.02941  

um  
0.5000                0.2400      

    1.8400                0.4875      
1.4270      

ax:        0.0900         4.3500                2.8600      
otal N: 25.0000      
A's :  15.0000      

Std Dev.:   0.0363         0.9952                1.0052   

BF.Nickel            Nitrate.NO3.  
     0.2200                0.0000      

   

rd Qu.:    0.3100         0.3800                1.4080      
2.6300      
25.0000      

A's :      0.0000        15.0000               0.0000      

1st Qu.:   10.0000      32.5000            0.0300 
40.0000            0.1896 Mean:      16.2000      

   Median:    12.0000  
3rd Qu.:   20.0000      48.7500            0.3100
Max:       34.0000      74.0000            0.5400 
Total N:   25.0000     25.0000           25.0000 
N
S
 

Min:        0.0100        0.0300      0.0400         0.0090  
1st Qu.:    0.0250        

   Mean:       0.0640    
Median:     0.0550        0.2400      0.0900         

 3rd Qu.:    0.0800       0.3500      0.0975         0.0175  
ax:        0.2000        0.7700      0.5000         0.0950  M

T
N 15.0000        0.0000     15.0000         
Std Dev.:   0.0560        0.1972      0.146
 

BF.Manganese             Molybdenum          BF.Molybden
Min:        0.0070         
1st Qu.:    0.0100     
Mean:       0.0314         2.1592                
Median:     0.0100         2.0000                1.3650      

rd Qu.:    0.0550         2.3500                2.1250      3
M
T    25.0000        25.0000               
N    15.0000         0.0000               

    
Nickel                   

Min:        0.1100    
1st Qu.:    0.2000         0.2650                0.0400   
Mean:       0.3200         0.3440                0.7321      

edian:     0.2500         0.3500                0.3960      M
3
Max:        0.8700         0.5600                
Total N:   25.0000        25.0000               
N
Std Dev.:   0.1996         0.0996                0.8002      
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BF.Nitrate.NO3.             Nitrite.NO2  
Min:       0.0400            0.0000      

 0.0660      

A's :       15.0000            0.0000      
td Dev.:     0.3882            0.0365      

BF.Nitrite.NO2          pH              BF.pH  

7.9000          7.9775 
7.9976          8.1070 

otal N:     25.0000     25.0000         25.0000 
A's :       

4 

0.1500          2.4000  
  0.2700          3.8000  

ax:         0.7000       1.0700          9.6000  
otal N:
A's :  0  
td Dev.:    0.1953       0.3461          1.4051  

 SpCond          BF.SpCond       Sulfate  
  0.1590          0.8360          6.0000 

         18.0000 
00 

rd Qu.:    13.2250       0.6800          0.9555        110.0000 
0        160.0000 
00         25.0000 

A's :      15.0000       0.0000         15.0000          0.0000 

1st Qu.:      0.3080            0.0300      
0.0527      Mean:         0.5678            

      Median:       0.6350     
3rd Qu.:      0.7790            0.0700      
Max:          1.3200            0.1320      
Total N:     25.0000           25.0000      
N
S
 

Min:          0.0300      7.5900          7.3800 
1st Qu.:      0.0300      

 Mean:         0.0340     
Median:       0.0300      8.0600          8.1800 
3rd Qu.:      0.0300      8.1300          8.3450 

ax:          0.0700      8.6000          8.4300 M
T
N 15.0000      0.0000         15.0000 
Std Dev.:     0.0126      0.2556          0.318
 

Phosphate               BF.Phosphate    Potassium  
Min:         0.0000       
1st Qu.:     0.1000     
Mean:        0.2680       0.6230          4.6240  
Median:      0.2500       0.7400          4.5000  

rd Qu.:     0.3900       0.8825          4.9000  3
M
T     25.0000      25.0000         25.0000  
N      0.0000      15.0000          0.000
S
 

BF.Potassium           
Min:         6.8000     
1st Qu.:     9.0000       0.2870          0.8695
Mean:       11.5900       0.4606          0.9202         66.48

edian:     11.0500       0.4240          0.9310         47.0000 M
3
Max:        19.0000       0.8680          0.996
Total N:    25.0000      25.0000         25.00
N
Std Dev.:    3.9304       0.2273          0.0558         50.0109 
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BF.Sulfate            Sulfide        BF.Sulfide       TDS  
in:       38.0000      0.0000         0.0000          0.1000 

560 

0.0000         0.0450          0.2720 
          0.4420 

00 
A's :     15.0000      0.0000        15.0000          0.0000 
td Dev.:  21.2731      0.0611         0.0339          0.1542 

BF.TDS              Turb.Hydrolab.  

15.0000        
31.3640        

A's :     15.0000      0.0000        
td Dev.:   0.0434     24.3339        

BF.Turb.Hydrolab.       TSS        BF.TSS  

15.0000      26.2500 
41.5600      37.0000 

0 

otal N:   25.0000     25.0000      25.0000 
A's :    15.0000        0.0000      15.0000 

Std Dev.:    3.8787    44.1166      13.9841 
 

TVSS                  BF.TVSS        Zinc        BF.Zinc  
Min:        0.0000      5.0000         0.1500      0.4500 
1st Qu.:    5.0000     10.0000         0.3400      0.6175 
Mean:      11.3400     15.5000         0.5180      0.7210 
Median:    13.5000     15.0000         0.5400      0.7150 
3rd Qu.:   15.0000     15.0000         0.6800      0.8325 
Max:       25.0000     35.0000         0.9000      0.9600 
Total N:   25.0000     25.0000        25.0000     25.0000 
NA's :     0.0000     15.0000         0.0000     15.0000 
Std Dev.:   7.7671      8.6442         0.2146      0.1518 

M
1st Qu.:   66.5000      0.0000         0.0200          0.1

0.0212         0.0480          0.2988 Mean:      75.1000      
   Median:    78.5000   

3rd Qu.:   87.5000      0.0100         0.0775
Max:      102.0000      0.3000         0.1000          0.5940 
Total N:   25.0000     25.0000        25.0000         25.00
N
S
 

Min:        0.5350      0.0000        
1st Qu.:    0.5947     
Mean:       0.6112     
Median:     0.6180     19.1000        
3rd Qu.:    0.6352     46.5000        
Max:        0.6820     76.0000        
Total N:   25.0000     25.0000        
N
S
 

Min:        0.0000      5.0000      20.0000 
1st Qu.:    6.1250     
Mean:       8.1000     
Median:    7.7500      22.5000      32.500
3rd Qu.:   11.2500     35.0000      45.0000 

ax:    13.5000        145.0000      65.0000 M
T
N
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Rain.mm
Min:       13.0000        

Median:    33.0000          
3rd Qu.:   38.0000          

A's :      0.0000         

                    

1st Qu.:   15.0000        
Mean:      27.8400         

Max:       55.0000          
Total N:   25.0000         
N
Std Dev.:  12.3750          
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Comparisons Between Storm Flows and Base Flows (BF) for Hickory Creek Using 

mogorov-Smirnov Test 

y.Creek  
s = 0.22, p-value = 0.824  
lternative hypothesis:  
cdf of qual the 
df of y: BF.Alkalinity in Hickory.Creek for at least one sample point.  

mogorov-Smirnov Test 

kory.Creek  
s = 0.6, p-value = 0.0069  
lternative hypothesis:  

ual the 
df of y: BF.Ammonia in Hickory.Creek for at least one sample point.  

mogorov-Smirnov Test 

Creek  
s = 0.32, p-value = 0.3972  
lternative hypothesis:  

qual the 
df of y: BF.Aluminum in Hickory.Creek for at least one sample point.  

mogorov-Smirnov Test 

s = 0.52, p-value = 0.0296  
lternative hypothesis:  

 the 
df of y: BF.BOD5 in Hickory.Creek for at least one sample point.  

Kolmogorov-Smirnov Goodness of Fit Test 

 
 Two-Sample Kol
 
data:  x: Alkalinity in Hickory.Creek , and y: BF.Alkalinity in Hickor
k
a
   x: Alkalinity in Hickory.Creek does not e
 c
 
 
 Two-Sample Kol
 
data:  x: Ammonia in Hickory.Creek , and y: BF.Ammonia in Hic
k
a
  cdf of x: Ammonia in Hickory.Creek does not eq
 c
 
 
 Two-Sample Kol
 
data:  x: Aluminum in Hickory.Creek , and y: BF.Aluminum in Hickory.
k
a
  cdf of x: Aluminum in Hickory.Creek does not e
 c
 
 
 Two-Sample Kol
 
data:  x: BOD5 in Hickory.Creek , and y: BF.BOD5 in Hickory.Creek  
k
a
  cdf of x: BOD5 in Hickory.Creek does not equal
 c
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Bromine in Hickory.Creek , and y: BF.Bromine in Hickory.Creek  

e 
t.  

ory.Creek  
 

l the 
oint.  

ks = 0.62, p-value = 0.0045  

ks = 1, p-value = 0  
alternative hypothesis:  
  cdf of x: Bromine in Hickory.Creek does not equal th
 cdf of y: BF.Bromine in Hickory.Creek for at least one sample poin
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Cl...Total in Hickory.Creek , and y: BF.Cl...Total in Hick
ks = 0.38, p-value = 0.2082 
alternative hypothesis:  
  cdf of x: Cl...Total in Hickory.Creek does not equa
 cdf of y: BF.Cl...Total in Hickory.Creek for at least one sample p
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Chloride in Hickory.Creek , and y: BF.Chloride in Hickory.Creek  

alternative hypothesis:  
  cdf of x: Chloride in Hickory.Creek does not equal the 
 cdf of y: BF.Chloride in Hickory.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Chromium in Hickory.Creek , and y: BF.Chromium in Hickory.Creek  
ks = 0.72, p-value = 0.0005  
alternative hypothesis:  
  cdf of x: Chromium in Hickory.Creek does not equal the 
 cdf of y: BF.Chromium in Hickory.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: COD in Hickory.Creek , and y: BF.COD in Hickory.Creek  
ks = 0.36, p-value = 0.2648  
alternative hypothesis:  
  cdf of x: COD in Hickory.Creek does not equal the 
 cdf of y: BF.COD in Hickory.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 

Creek , and y: BF.Copper in Hickory.Creek  
03  

df of y: BF.Copper in Hickory.Creek for at least one sample point.  

 Two-Sample Kolmogorov-Smirnov Test 

ek , and y: BF.DO in Hickory.Creek  
648  

df of y: BF.DO in Hickory.Creek for at least one sample point.  

Two-Sample Kolmogorov-Smirnov Test 

ry.Creek , and y: BF.Hard.Total in Hickory.Creek  
3  

 cdf of y: BF.Hard.Total in Hickory.Creek for at least one sample point.  

Two-Sample Kolmogorov-Smirnov Test 

reek , and y: BF.Ca.Hard in Hickory.Creek  
25  

df of y: BF.Ca.Hard in Hickory.Creek for at least one sample point.  

Two-Sample Kolmogorov-Smirnov Test 

kory.Creek , and y: BF.Mg.Hard in Hickory.Creek  

df of y: BF.Mg.Hard in Hickory.Creek for at least one sample point.  
 
 Two-Sample Kolmogorov-Smirnov Test 

 
data:  x: Copper in Hickory.
ks = 0.5, p-value = 0.04
alternative hypothesis:  
  cdf of x: Copper in Hickory.Creek does not equal the 
 c
 
 

 
data:  x: DO in Hickory.Cre
ks = 0.36, p-value = 0.2
alternative hypothesis:  
  cdf of x: DO in Hickory.Creek does not equal the 
 c
 
 
 
 
data:  x: Hard. Total in Hicko
ks = 0.5, p-value = 0.040
alternative hypothesis:  
  cdf of x: Hard.Total in Hickory.Creek does not equal the 

 
 
 
 
data:  x: Ca.Hard in Hickory.C
ks = 0.24, p-value = 0.74
alternative hypothesis:  
  cdf of x: Ca.Hard in Hickory.Creek does not equal the 
 c
 
 
 
 
data:  x: Mg.Hard in Hic
ks = 0.8, p-value = 0  
alternative hypothesis:  
  cdf of x: Mg.Hard in Hickory.Creek does not equal the 
 c
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data:  x: Iodine in Hickory.Creek , and y: BF.Iodine in Hickory.Creek  

ory.Creek does not equal the 
mple point.  

Two-Sample Kolmogorov-Smirnov Test 

ata:  x: Iron in Hickory.Creek , and y: BF.Iron in Hickory.Creek  

  cdf of x: Iron in Hickory.Creek does not equal the 
ple point.  

ata:  x: Manganese in Hickory.Creek , and y: BF.Manganese in Hickory.Creek  

lternative hypothesis:  

 cdf of y: BF.Manganese in Hickory.Creek for at least one sample point.  

ata:  x: Molybdnum in Hickory.Creek , and y: BF.Molybdnum in Hickory.Creek  

lternative hypothesis:  

m in Hickory.Creek for at least one sample point.  

ata:  x: Nickel in Hickory.Creek , and y: BF.Nickel in Hickory.Creek  

alternative hypothesis:  

ry.Creek for at least one sample point.  

ks = 0.66, p-value = 0.0019  
alternative hypothesis:  
  cdf of x: Iodine in Hick
 cdf of y: BF.Iodine in Hickory.Creek for at least one sa
 
 
 
 
d
ks = 0.58, p-value = 0.0101  
alternative hypothesis:  

 cdf of y: BF.Iron in Hickory.Creek for at least one sam
 Two-Sample Kolmogorov-Smirnov Test 
 
d
ks = 0.32, p-value = 0.3972  
a
  cdf of x: Manganese in Hickory.Creek does not equal the 

 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
d
ks = 0.62, p-value = 0.0045  
a
  cdf of x: Molybdnum in Hickory.Creek does not equal the 
 cdf of y: BF.Molybdnu
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
d
ks = 0.3, p-value = 0.4737  

  cdf of x: Nickel in Hickory.Creek does not equal the 
 cdf of y: BF.Nickel in Hicko
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Nitrate.NO3. in Hickory.Creek , and y: BF.Nitrate.NO3. in Hickory.Creek  

qual the 

ckory.Creek  

al the 
point.  

0.003  

Two-Sample Kolmogorov-Smirnov Test 

ickory.Creek , and y: BF.Phosphate.PO4 in Hickory.Creek  
07  

alternative hypothesis:  

df of y: BF.Phosphate.PO4 in Hickory.Creek for at least one sample point.  

Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Potassium in Hickory.Creek , and y: BF.Potassium in Hickory.Creek  
ks = 0.88, p-value = 0  
alternative hypothesis:  
  cdf of x: Potassium in Hickory.Creek does not equal the 
 cdf of y: BF.Potassium in Hickory.Creek for at least one sample point.  
 

ks = 0.48, p-value = 0.0557  
alternative hypothesis:  
  cdf of x: Nitrate..NO3. in Hickory.Creek does not e
 cdf of y: BF.Nitrate..NO3. in Hickory.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Nitrite.NO2 in Hickory.Creek , and y: BF.Nitrite...NO2 in Hi
ks = 0.58, p-value = 0.0101  
alternative hypothesis:  
  cdf of x: Nitrite...NO2 in Hickory.Creek does not equ
 cdf of y: BF.Nitrite...NO2 in Hickory.Creek for at least one sample 
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: pH in Hickory.Creek , and y: BF.pH in Hickory.Creek  
ks = 0.64, p-value = 
alternative hypothesis:  
  cdf of x: pH in Hickory.Creek does not equal the 
 cdf of y: BF.pH in Hickory.Creek for at least one sample point.  
 
 
 
 
data:  x: Phosphate.PO4 in H
ks = 0.54, p-value = 0.02

  cdf of x: Phosphate.PO4 in Hickory.Creek does not equal the 
 c
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 Two-Sample Kolmogorov-Smirn
 

ata:  x: SpCond in Hickory.Creek , and y: BF.SpCond in Hickory.Creek  
s = 0.38, p-value = 0.2082  

alternative hypothesis:  
  cdf of x: SpCond in Hickory.Creek does not equal the 
 cdf of y: BF.SpCond in Hickory.Creek for at least one sam
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Sulfate in Hickory.Creek , and y: BF.Sulfate in Hickory.Creek  
ks = 0.18, p-value = 0.9503  
alternative hypothesis:  
  cdf of x: Sulfate in Hickory.Creek does not equal the 
 cdf of y: BF.Sulfate in Hickory.Creek for at least one sample point.  
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Sulfide in Hickory.Creek , and y: BF.Sulfide in Hickory.Creek  
ks = 0.64, p-value = 0.003  
alternative hypothesis:  
  cdf of x: Sulfide in Hickory.Creek does not equal the 
 cdf of y: BF.Sulfide in Hickory.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TDS in Hickory.Creek , and y: BF.TDS in Hickory.Creek  
ks = 0.38, p-value = 0.2082  
alternative hypothesis:  
  cdf of x: TDS in Hickory.Creek does not equal the 
 cdf of y: BF.TDS in Hickory.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Turb..Hydrolab. in Hickory.Creek , and y: BF.Turb..Hydrolab. in Hickory.Creek  
ks = 0.6, p-value = 0.0069  
alternative hypothesis:  
  cdf of x: Turb..Hydrolab. in Hickory.Creek does not equal the 
 cdf of y: BF.Turb..Hydrolab. in Hickory.Creek for at least one sample point.  
 

ov Test 

d
k

ple point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Zinc in Hickory.Creek , and y: BF.Zinc in Hickory.Creek  
ks = 1, p-value = 0  
alternative hypothesis:  
  cdf of x: Zinc in Hickory.Creek does not equal the 
 cdf of y: BF.Zinc in Hickory.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TSS in Hickory.Creek , and y: BF.TSS in Hickory.Creek  
ks = 0.32, p-value = 0.3972  
alternative hypothesis:  
  cdf of x: TSS in Hickory.Creek does not equal the 
 cdf of y: BF.TSS in Hickory.Creek for at least one sample point.  
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TVSS in Hickory.Creek , and y: BF.TVSS in Hickory.Creek  
ks = 0.22, p-value = 0.824  
alternative hypothesis:  
  cdf of x: TVSS in Hickory.Creek does not equal the 
 cdf of y: BF.TVSS in Hickory.Creek for at least one sample point.  
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Comparisons Between Storm Flows and Base Flows (BF) for Pecan Creek Using 

Kolmogorov-Smirnov Goodness of Fit Test 

 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Ammonia in Pecan.Creek , and y: BF.Ammonia in Pecan.Creek  
ks = 0.5778, p-value = 0.0137  
alternative hypothesis:  
  cdf of x: Ammonia in Pecan.Creek does not equal the 
 cdf of y: BF.Ammonia in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Alkalinity in Pecan.Creek , and y: BF.Alkalinity in Pecan.Creek  
ks = 0.52, p-value = 0.0296  
alternative hypothesis:  
  cdf of x: Alkalinity in Pecan.Creek does not equal the 
 cdf of y: BF.Alkalinity in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Aluminum in Pecan.Creek , and y: BF.Aluminum in Pecan.Creek  
ks = 0.4, p-value = 0.1658  
alternative hypothesis:  
  cdf of x: Aluminum in Pecan.Creek does not equal the 
 cdf of y: BF.Aluminum in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: BOD5 in Pecan.Creek , and y: BF.BOD5 in Pecan.Creek  
ks = 0.44, p-value = 0.0983  
alternative hypothesis:  
  cdf of x: BOD5 in Pecan.Creek does not equal the 
 cdf of y: BF.BOD5 in Pecan.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Bromine in Pecan.Creek , and y: BF.Bromine in Pecan.Creek  
ks = 0.92, p-value = 0  
alternative hypothesis:  
  cdf of x: Bromine in Pecan.Creek does not equal the 
 cdf of y: BF.Bromine in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Cl.Total in Pecan.Creek , and y: BF.Cl.Total in Pecan.Creek  
ks = 0.4, p-value = 0.1658  
alternative hypothesis:  
  cdf of x: Cl.Total in Pecan.Creek does not equal the 
 cdf of y: BF.Cl.Total in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Chloride in Pecan.Creek , and y: BF.Chloride in Pecan.Creek  
ks = 0.74, p-value = 0.0003  
alternative hypothesis:  
  cdf of x: Chloride in Pecan.Creek does not equal the 
 cdf of y: BF.Chloride in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Chromium in Pecan.Creek , and y: BF.Chromium in Pecan.Creek  
ks = 0.4, p-value = 0.1658  
alternative hypothesis:  
  cdf of x: Chromium in Pecan.Creek does not equal the 
 cdf of y: BF.Chromium in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: COD in Pecan.Creek , and y: BF.COD in Pecan.Creek  
ks = 0.4, p-value = 0.1658  
alternative hypothesis:  
  cdf of x: COD in Pecan.Creek does not equal the 
 cdf of y: BF.COD in Pecan.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Copper in Pecan.Creek , and y: BF.Copper in Pecan.Creek  
ks = 0.6, p-value = 0.0069  
alternative hypothesis:  
  cdf of x: Copper in Pecan.Creek does not equal the 
 cdf of y: BF.Copper in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: DO in Pecan.Creek , and y: BF.DO in Pecan.Creek  
ks = 0.76, p-value = 0.0002  
alternative hypothesis:  
  cdf of x: DO in Pecan.Creek does not equal the 
 cdf of y: BF.DO in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Hard.Total in Pecan.Creek , and y: BF.Hard.Total in Pecan.Creek  
ks = 0.64, p-value = 0.003  
alternative hypothesis:  
  cdf of x: Hard.Total in Pecan.Creek does not equal the 
 cdf of y: BF.Hard.Total in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Ca.Hard in Pecan.Creek , and y: BF.Ca.Hard in Pecan.Creek  
ks = 0.6, p-value = 0.0069  
alternative hypothesis:  
  cdf of x: Ca.Hard in Pecan.Creek does not equal the 
 cdf of y: BF.Ca.Hard in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Mg.Hard in Pecan.Creek , and y: BF.Mg.Hard in Pecan.Creek  
ks = 0.68, p-value = 0.0012  
alternative hypothesis:  
  cdf of x: Mg.Hard in Pecan.Creek does not equal the 
 cdf of y: BF.Mg.Hard in Pecan.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Iodine in Pecan.Creek , and y: BF.Iodine in Pecan.Creek  
ks = 0.64, p-value = 0.003  
alternative hypothesis:  
  cdf of x: Iodine in Pecan.Creek does not equal the 
 cdf of y: BF.Iodine in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Iron in Pecan.Creek , and y: BF.Iron in Pecan.Creek  
ks = 0.42, p-value = 0.1275  
alternative hypothesis:  
  cdf of x: Iron in Pecan.Creek does not equal the 
 cdf of y: BF.Iron in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Manganese in Pecan.Creek , and y: BF.Manganese in Pecan.Creek  
ks = 0.44, p-value = 0.0983  
alternative hypothesis:  
  cdf of x: Manganese in Pecan.Creek does not equal the 
 cdf of y: BF.Manganese in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Molybdnum in Pecan.Creek , and y: BF.Molybdnum in Pecan.Creek  
ks = 0.52, p-value = 0.0296  
alternative hypothesis:  
  cdf of x: Molybdnum in Pecan.Creek does not equal the 
 cdf of y: BF.Molybdnum in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Nickel in Pecan.Creek , and y: BF.Nickel in Pecan.Creek  
ks = 0.16, p-value = 0.9845  
alternative hypothesis:  
  cdf of x: Nickel in Pecan.Creek does not equal the 
 cdf of y: BF.Nickel in Pecan.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Nitrate..NO3. in Pecan.Creek , and y: BFNitrate..NO3. in Pecan.Creek  
ks = 0.2, p-value = 0.9034  
alternative hypothesis:  
  cdf of x: Nitrate..NO3. in Pecan.Creek does not equal the 
 cdf of y: BFNitrate..NO3. in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Nitrite...NO2 in Pecan.Creek , and y: BF.Nitrite...NO2 in Pecan.Creek  
ks = 0.38, p-value = 0.2082  
alternative hypothesis:  
  cdf of x: Nitrite...NO2 in Pecan.Creek does not equal the 
 cdf of y: BF.Nitrite...NO2 in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: pH in Pecan.Creek , and y: BF.pH in Pecan.Creek  
ks = 0.44, p-value = 0.0983  
alternative hypothesis:  
  cdf of x: pH in Pecan.Creek does not equal the 
 cdf of y: BF.pH in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Phosphate.PO4 in Pecan.Creek , and y: BF.Phosphate.PO4 in Pecan.Creek  
ks = 0.52, p-value = 0.0296  
alternative hypothesis:  
  cdf of x: Phosphate.PO4 in Pecan.Creek does not equal the 
 cdf of y: BF.Phosphate.PO4 in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Potassium in Pecan.Creek , and y: BF.Potassium in Pecan.Creek  
ks = 0.52, p-value = 0.0296  
alternative hypothesis:  
  cdf of x: Potassium in Pecan.Creek does not equal the 
 cdf of y: BF.Potassium in Pecan.Creek for at least one sample point.  
 

 399



 

 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: SpCond in Pecan.Creek , and y: BF.SpCond in Pecan.Creek  
ks = 0.6, p-value = 0.0069  
alternative hypothesis:  
  cdf of x: SpCond in Pecan.Creek does not equal the 
 cdf of y: BF.SpCond in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Sulfate in Pecan.Creek , and y: BF.Sulfate in Pecan.Creek  
ks = 0.6, p-value = 0.0069  
alternative hypothesis:  
  cdf of x: Sulfate in Pecan.Creek does not equal the 
 cdf of y: BF.Sulfate in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Sulfide in Pecan.Creek , and y: BF.Sulfide in Pecan.Creek  
ks = 0.62, p-value = 0.0045  
alternative hypothesis:  
  cdf of x: Sulfide in Pecan.Creek does not equal the 
 cdf of y: BF.Sulfide in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TDS in Pecan.Creek , and y: BF.TDS in Pecan.Creek  
ks = 0.56, p-value = 0.0148  
alternative hypothesis:  
  cdf of x: TDS in Pecan.Creek does not equal the 
 cdf of y: BF.TDS in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Turb..Hyd. in Pecan.Creek , and y: BF.Turb..Hyd. in Pecan.Creek  
ks = 0.78, p-value = 0.0001  
alternative hypothesis:  
  cdf of x: Turb..Hyd. in Pecan.Creek does not equal the 
 cdf of y: BF.Turb..Hyd. in Pecan.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TSS in Pecan.Creek , and y: BF.TSS in Pecan.Creek  
ks = 0.24, p-value = 0.7425  
alternative hypothesis:  
  cdf of x: TSS in Pecan.Creek does not equal the 
 cdf of y: BF.TSS in Pecan.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TVSS in Pecan.Creek , and y: BF.TVSS in Pecan.Creek  
ks = 0.44, p-value = 0.0983  
alternative hypothesis:  
  cdf of x: TVSS in Pecan.Creek does not equal the 
 cdf of y: BF.TVSS in Pecan.Creek for at least one sample point.  
 Two-Sample Kolmogorov-Smirnov Test 
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Zinc in Pecan.Creek , and y: BF.Zinc in Pecan.Creek  
ks = 0.58, p-value = 0.0101  
alternative hypothesis:  
  cdf of x: Zinc in Pecan.Creek does not equal the 
 cdf of y: BF.Zinc in Pecan.Creek for at least one sample point.  
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Comparisons Between Storm Flows and Base Flows (BF) for Cooper Creek Using 

Kolmogorov-Smirnov Goodness of Fit Test 

 
 

 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Ammonia in Cooper.Creek , and y: BF.Ammonia in Cooper.Creek  
ks = 0.38, p-value = 0.2082  
alternative hypothesis:  
  cdf of x: Ammonia in Cooper.Creek does not equal the 
 cdf of y: BF.Ammonia in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Alkalinity in Cooper.Creek , and y: BF.Alkalinity in Cooper.Creek  
ks = 0.52, p-value = 0.0296  
alternative hypothesis:  
  cdf of x: Alkalinity in Cooper.Creek does not equal the 
 cdf of y: BF.Alkalinity in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Aluminum in Cooper.Creek , and y: BF.Aluminum in Cooper.Creek  
ks = 0.36, p-value = 0.2648  
alternative hypothesis:  
  cdf of x: Aluminum in Cooper.Creek does not equal the 
 cdf of y: BF.Aluminum in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: BOD5 in Cooper.Creek , and y: BF.BOD5 in Cooper.Creek  
ks = 0.28, p-value = 0.5637  
alternative hypothesis:  
  cdf of x: BOD5 in Cooper.Creek does not equal the 
 cdf of y: BF.BOD5 in Cooper.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Bromine in Cooper.Creek , and y: BF.Bromine in Cooper.Creek  
ks = 0.7, p-value = 0.0007  
alternative hypothesis:  
  cdf of x: Bromine in Cooper.Creek does not equal the 
 cdf of y: BF.Bromine in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Cl.Total in Cooper.Creek , and y: BF.Cl.Total in Cooper.Creek  
ks = 0.4, p-value = 0.1658  
alternative hypothesis:  
  cdf of x: Cl...Total in Cooper.Creek does not equal the 
 cdf of y: BF.Cl...Total in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Chloride in Cooper.Creek , and y: BF.Chloride in Cooper.Creek  
ks = 0.56, p-value = 0.0148  
alternative hypothesis:  
  cdf of x: Chloride in Cooper.Creek does not equal the 
 cdf of y: BF.Chloride in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Chromium in Cooper.Creek , and y: BF.Chromium in Cooper.Creek  
ks = 0.12, p-value = 0.9997  
alternative hypothesis:  
  cdf of x: Chromium in Cooper.Creek does not equal the 
 cdf of y: BF.Chromium in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: COD in Cooper.Creek , and y: BF.COD in Cooper.Creek  
ks = 0.28, p-value = 0.5637  
alternative hypothesis:  
  cdf of x: COD in Cooper.Creek does not equal the 
 cdf of y: BF.COD in Cooper.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Copper in Cooper.Creek , and y: BF.Copper in Cooper.Creek  
ks = 0.68, p-value = 0.0012  
alternative hypothesis:  
  cdf of x: Copper in Cooper.Creek does not equal the 
 cdf of y: BF.Copper in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: DO in Cooper.Creek , and y: BF.DO in Cooper.Creek  
ks = 0.68, p-value = 0.0012  
alternative hypothesis:  
  cdf of x: DO in Cooper.Creek does not equal the 
 cdf of y: BF.DO in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Hard.Total in Cooper.Creek , and y: BF.Hard.Total in Cooper.Creek  
ks = 0.32, p-value = 0.3972  
alternative hypothesis:  
  cdf of x: Hard.Total in Cooper.Creek does not equal the 
 cdf of y: BF.Hard.Total in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Ca.Hard in Cooper.Creek , and y: BF.Ca.Hard in Cooper.Creek  
ks = 0.46, p-value = 0.074  
alternative hypothesis:  
  cdf of x: Ca.Hard in Cooper.Creek does not equal the 
 cdf of y: BF.Ca.Hard in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Mg.Hard in Cooper.Creek , and y: BF.Mg.Hard in Cooper.Creek  
ks = 0.82, p-value = 0  
alternative hypothesis:  
  cdf of x: Mg.Hard in Cooper.Creek does not equal the 
 cdf of y: BF.Mg.Hard in Cooper.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Iodine in Cooper.Creek , and y: BF.Iodine in Cooper.Creek  
ks = 0.48, p-value = 0.0557  
alternative hypothesis:  
  cdf of x: Iodine in Cooper.Creek does not equal the 
 cdf of y: BF.Iodine in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Iron in Cooper.Creek , and y: BF.Iron in Cooper.Creek  
ks = 0.6, p-value = 0.0069  
alternative hypothesis:  
  cdf of x: Iron in Cooper.Creek does not equal the 
 cdf of y: BF.Iron in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Manganese in Cooper.Creek , and y: BF.Manganese in Cooper.Creek  
ks = 0.36, p-value = 0.2648  
alternative hypothesis:  
  cdf of x: Manganese in Cooper.Creek does not equal the 
 cdf of y: BF.Manganese in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Molybdenum in Cooper.Creek , and y: BF.Molybdenum in Cooper.Creek  
ks = 0.38, p-value = 0.2082  
alternative hypothesis:  
  cdf of x: Molybdenum in Cooper.Creek does not equal the 
 cdf of y: BF.Molybdenum in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Nickel in Cooper.Creek , and y: BF.Nickel in Cooper.Creek  
ks = 0.38, p-value = 0.2082  
alternative hypothesis:  
  cdf of x: Nickel in Cooper.Creek does not equal the 
 cdf of y: BF.Nickel in Cooper.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Nitrate..NO3. in Cooper.Creek , and y: BF.Nitrate..NO3. in Cooper.Creek  
ks = 0.3, p-value = 0.4737  
alternative hypothesis:  
  cdf of x: Nitrate..NO3. in Cooper.Creek does not equal the 
 cdf of y: BF.Nitrate..NO3. in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Nitrite...NO2 in Cooper.Creek , and y: BF.Nitrite...NO2 in Cooper.Creek  
ks = 0.5, p-value = 0.0403  
alternative hypothesis:  
  cdf of x: Nitrite...NO2 in Cooper.Creek does not equal the 
 cdf of y: BF.Nitrite...NO2 in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: pH in Cooper.Creek , and y: BF.pH in Cooper.Creek  
ks = 0.42, p-value = 0.1275  
alternative hypothesis:  
  cdf of x: pH in Cooper.Creek does not equal the 
 cdf of y: BF.pH in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Phosphate in Cooper.Creek , and y: BF.Phosphate in Cooper.Creek  
ks = 0.56, p-value = 0.0148  
alternative hypothesis:  
  cdf of x: Phosphate in Cooper.Creek does not equal the 
 cdf of y: BF.Phosphate in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Potassium in Cooper.Creek , and y: BF.Potassium in Cooper.Creek  
ks = 0.96, p-value = 0  
alternative hypothesis:  
  cdf of x: Potassium in Cooper.Creek does not equal the 
 cdf of y: BF.Potassium in Cooper.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: SpCond in Cooper.Creek , and y: BF.SpCond in Cooper.Creek  
ks = 0.96, p-value = 0  
alternative hypothesis:  
  cdf of x: SpCond in Cooper.Creek does not equal the 
 cdf of y: BF.SpCond in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Sulfate in Cooper.Creek , and y: BF.Sulfate in Cooper.Creek  
ks = 0.4, p-value = 0.1658  
alternative hypothesis:  
  cdf of x: Sulfate in Cooper.Creek does not equal the 
 cdf of y: BF.Sulfate in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Sulfide in Cooper.Creek , and y: BF.Sulfide in Cooper.Creek  
ks = 0.7, p-value = 0.0007  
alternative hypothesis:  
  cdf of x: Sulfide in Cooper.Creek does not equal the 
 cdf of y: BF.Sulfide in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TDS in Cooper.Creek , and y: BF.TDS in Cooper.Creek  
ks = 0.96, p-value = 0  
alternative hypothesis:  
  cdf of x: TDS in Cooper.Creek does not equal the 
 cdf of y: BF.TDS in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Turb..Hydrolab. in Cooper.Creek , and y: BF.Turb..Hydrolab. in Cooper.Creek  
ks = 0.76, p-value = 0.0002  
alternative hypothesis:  
  cdf of x: Turb..Hydrolab. in Cooper.Creek does not equal the 
 cdf of y: BF.Turb..Hydrolab. in Cooper.Creek for at least one sample point.  
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 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TSS in Cooper.Creek , and y: BF.TSS in Cooper.Creek  
ks = 0.42, p-value = 0.1275  
alternative hypothesis:  
  cdf of x: TSS in Cooper.Creek does not equal the 
 cdf of y: BF.TSS in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: TVSS in Cooper.Creek , and y: BF.TVSS in Cooper.Creek  
ks = 0.34, p-value = 0.3209  
alternative hypothesis:  
  cdf of x: TVSS in Cooper.Creek does not equal the 
 cdf of y: BF.TVSS in Cooper.Creek for at least one sample point.  
 
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Zinc in Cooper.Creek , and y: BF.TVSS in Cooper.Creek  
ks = 1, p-value = 0  
alternative hypothesis:  
  cdf of x: Zinc in Cooper.Creek does not equal the 
 cdf of y: BF.TVSS in Cooper.Creek for at least one sample point.  
 
 Two-Sample Kolmogorov-Smirnov Test 
 
data:  x: Zinc in Cooper.Creek , and y: BF.Zinc in Cooper.Creek  
ks = 0.46, p-value = 0.074  
alternative hypothesis:  
  cdf of x: Zinc in Cooper.Creek does not equal the 
 cdf of y: BF.Zinc in Cooper.Creek for at least one sample point.  
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