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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

OFFICE OF
WATER

MEMORANDUM

SUBJECT: Combined Sewer Overflows: Guidance for Monitoring and Modeling

TO: Interested Parties

I am pleased to provide you with the Environmental Protection Agency’s (EPA) guidance
document on the monitoring and modeling of combined sewer overflows (CSO) and their
impacts on receiving waters. This is the seventh in a series of guidance manuals that EPA
prepared to support implementation of the 1994 Combined Sewer Overflow Control Policy.

This manual presents a set of guidelines that provide flexibility for a municipality to
develop a site-specific strategy for characterizing its combined sewer system operations and
impacts and for developing and implementing a long-term CSO control plan. It is not a “how-
to” manual defining how many samples to collect or which flow metering technologies to use.

EPA used a peer-review process and solicited comments from CSO stakeholders and the
general public. The EPA identified the Water Environment Research Foundation (WERF) and
two technical experts to provide technical and scientific peer review. WERF convened a panel of
its technical experts to review the document. The peer reviewers and the other reviewers
submitted detailed comments and recommendations. EPA will make available to interested
parties a “response-to-comments” document detailing how it addressed comments received
during the peer review and the public comment period. I am very grateful to the peer reviewers
and the other individuals and organizations who participated in preparation and review. I believe
that this manual will assist municipalities as they develop and implement long-term CSO control
plans to meet the requirements of the Clean Water Act and the objectives of the EPA’s CSO
Control Policy.

If you have any questions on the manual or its distribution, please contact Tim Dwyer in
the Office of Wastewater Management at (202) 260-6064. Mr. Dwyer’s e-mail address is
dwyer.tim@epa.gov.

Recycled/Recyclable l Printed with Vegetable Oil Based Inks on 100% Recycled Paper (40% Postconsumer)
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NOTICE

The statements in this document are intended
solely as guidance. This document is not
intended, nor can it be relied on, to create any
rights enforceable by any party in litigation with
the United States. EPA and State officials may
decide to follow the guidance provided in this
document, or to act at variance with the guidance,
based on an analysis of specific site circumstances.
This guidance may be revised without public
notice to reflect changes in EPA’s strategy for
implementation of the Clean Water Act and its
implementing regulations, or to clarify and
update the text.

Mention of trade names or commercial products
in this document does not constitute an
endorsement or recommendation for use.



BASINS
BAT
BCT
BMP
BOD
BPJ
CAD
COD
CSO
CSS
CWA
DO
EMAP
EMC
EPA
GIS
IDF
I/I
LA
LTCP
MPN
NCDC
NMC
NOAA
NPDES

PDF
O&M
POTW
RBP
QA
Q C
SCS
SSES
STORET
SWMM
TDS
TMDL
TSS
UAA
USGS
VOC
WLA
WQS

LIST OF ACRONYMS

Better Assessment Science Integrating Point and Nonpoint Sources
Best Available Technology Economically Achievable
Best Conventional Pollutant Control Technology
Best Management Practice
Biochemical Oxygen Demand
Best Professional Judgment
Computer Aided Design
Chemical Oxygen Demand
Combined Sewer Overflow
Combined Sewer System
Clean Water Act
Dissolved Oxygen
Environmental Monitoring and Assessment Program
Event Mean Concentration
U.S. Environmental Protection Agency
Geographic Information System
Intensity Duration Frequency
Infiltration/Inflow
Load Allocation
Long-Term Control Plan
Most Probable Number
National Climatic Data Center
Nine Minimum Controls
National Oceanic and Atmospheric Administration
National Pollutant Discharge Elimination System
Nationwide Urban Runoff Program
Probability Density Function
Operation and Maintenance
Publicly Owned Treatment Works
Rapid Bioassessment Protocol
Quality Assurance
Quality Control
Soil Conservation Service
Sewer System Evaluation Survey
Storage and Retrieval of U.S. Waterways Parametric Data
Storm Water Management Model
Total Dissolved Solids
Total Maximum Daily Load
Total Suspended Solids
Use Attainability Analysis
U.S. Geological Survey
Volatile Organic Compound
Wasteload Allocation
Water Quality Standard(s)

i January 1999



TABLE OF CONTENTS

Page

1. INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1

1.1 BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 HISTORY OF ‘THE CSO CONTROL POLICY . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.3 KEY ELEMENTS OF THE CSO CONTROL POLICY . . . . . . . . . . . . . . . . . . . . 1-3
1.4 GUIDANCE TO SUPPORT IMPLEMENTATION OF THE CSO CONTROL

POLICY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-6
1.5 PURPOSE OF GUIDANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-7
1.6 MANUAL ORGANIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-8

2. INTRODUCTION TO MONITORING AND MODELING . . . . . . . . . . . . . . . . . . . . . . 2-1

2.1 MONITORING AND MODELING FOR NINE MINIMUM CONTROLS
AND LONG-TERM CONTROL PLAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.1.1 Nine Minimum Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-2
2.1.2 Long-Term Control Plan Development . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
2.1.3 Monitoring and Modeling During Phase I . . . . . . . . . . . . . . . . . . . . . . . . 2-9
2.1.4 Monitoring and Modeling During Phase II . . . . . . . . . . . . . . . . . . . . . . 2-10

2.2 MONITORING AND MODELING AND THE WATERSHED APPROACH . 2-11
2.3 MEASURES OF SUCCESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14
2.4 COORDINATION WITH OTHER WET WEATHER MONITORING AND

MODELING PROGRAMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-15
2.5 REVIEW AND REVISION OF WATER QUALITY STANDARDS . . . . . . . . 2-16
2.6 OTHER ENTITIES INVOLVED IN DEVELOPING AND IMPLEMENTING

THE MONITORING AND MODELING PROGRAM . . . . . . . . . . . . . . . . . . . . 2-18

3. INITIAL SYSTEM CHARACTERIZATION - EXISTING DATA ANALYSIS AND

FIELD INVESTIGATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1

3.1 PHYSICAL CHARACTERIZATION OF CSS . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3.1.1 Review Historical Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3.1.2 Study Area Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5
3.1.3 System Field Investigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7
3.1.4 Preliminary CSS Hydraulic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9

3.2 CHARACTERIZATION OF COMBINED SEWAGE AND CSOS . . . . . . . . . . 3-11
3.2.1 Historical Data Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-11
3.2.2 Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-13

3.3 CHARACTERIZATION OF RECEIVING WATERS . . . . . . . . . . . . . . . . . . . . 3-13
3.3.1 Historical Data Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-13
3.3.2 Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-17

3.4 IDENTIFY DATA GAPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-18

ii January 1999



TABLE OF CONTENTS (Continued)

Page

4. MONITORING AND MODELING PLAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1

4.1

4.2

4.3

4.4
4.5

4.6
4.7
4.8

4.9

DEVELOPMENT OF A MONITORING AND MODELING PLAN . . . . . . . . . . 4-2
4.1.1 Goals and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3
4.1.2 Modeling Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5
4.1.3 Monitoring Data Needs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-8
ELEMENTS OF A MONITORING AND MODELING PLAN . . . . . . . . . . . . . 4-9
4.2.1 Duration of Monitoring Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-10
4.2.2 Sampling Protocols and Analytical Methods . . . . . . . . . . . . . . . . . . . . . 4-12
CSS AND CSO MONITORING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-13
4.3.1 CSS and CSO Monitoring Locations . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-13
4.3.2 Monitoring Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-17
4.3.3 Combined Sewage and CSO Pollutant Parameters . . . . . . . . . . . . . . . . 4-21
SEPARATE STORM SEWERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-23
RECEIVING WATER MONITORING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-24
4.5.1 Monitoring Locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-26
4.5.2 Monitoring Frequency, Duration, and Timing . . . . . . . . . . . . . . . . . . . . 4-27
4.5.3 Pollutant Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-30
CRITERIA FOR INITIATING MONITORING OF WET WEATHER EVENTS 4-31
CASE STUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-34
DATA MANAGEMENT AND ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-34
4.8.1 Quality Assurance Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-34
4.8.2 Data Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-39
IMPLEMENTATION OF MONITORING AND MODELING PLAN . . . . . . . 4-41
4.9.1 Recordkeeping and Reporting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-42
4.9.2 Personnel Responsible for Implementation . . . . . . . . . . . . . . . . . . . . . . 4-42
4.9.3 Scheduling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-42
4.9.4 Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-43

5. CSS MONITORING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1

5.1 THE CSO CONTROL POLICY AND CSS MONITORING . . . . . . . . . . . . . . . . 5-1
5.2 RAINFALL DATA FOR CSS CHARACTERIZATION . . . . . . . . . . . . . . . . . . . 5-2

5.2.1 Rainfall Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-2
5.2.2 Rainfall Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-4

5.3 FLOW MONITORING IN THE CSS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-12
5.3.1 Flow Monitoring Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-12
5.3.2 Conducting the Flow Monitoring Program . . . . . . . . . . . . . . . . . . . . . . 5-19
5.3.3 Analysis of CSS Flow Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-20

5.4 WASTEWATER MONITORING IN THE CSS . . . . . . . . . . . . . . . . . . . . . . . . . 5-24
5.4.1 Water Quality Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-24
5.4.2 Analysis of Wastewater Monitoring Data . . . . . . . . . . . . . . . . . . . . . . . 5-31

5.5 SAMPLING AND DATA USE CASE STUDY . . . . . . . . . . . . . . . . . . . . . . . . . 5-36

iii January 1999



TABLE OF CONTENTS (Continued)

Page

6. RECEIVING WATER MONITORING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1

6.1 THE CSO CONTROL POLICY AND RECEIVING WATER MONITORING . 6-1
6.2 RECEIVING WATER HYDRAULIC MONITORING . . . . . . . . . . . . . . . . . . . . 6-2

6.2.1 Hydraulic Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-3
6.2.2 Analysis of Hydraulic Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6

6.3 RECEIVING WATER QUALITY MONITORING . . . . . . . . . . . . . . . . . . . . . . . 6-7
6.3.1 Water Quality Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7
6.3.2 Analysis of Water Quality Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-9

6.4 RECEIVING WATER SEDIMENT AND BIOLOGICAL MONITORING . . . . 6-10
6.4.1 Sediment Sampling Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-10
6.4.2 Analysis of Sediment Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-12
6.4.3 Biological Sampling Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-12
6.4.4 Analysis of Biological Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-16

7. CSS MODELING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1

7.1 THE CSO CONTROL POLICY AND CSS MODELING . . . . . . . . . . . . . . . . . . 7-1
7.2 MODEL SELECTION STRATEGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-4

7.2.1 Selecting Hydraulic Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7
7.2.2 Selecting CSS Water Quality Models . . . . . . . . . . . . . . . . . . . . . . . . . . 7-11

7.3 AVAILABLE MODELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-13
7.4 USING A CSS MODEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-17

7.4.1 Developing the Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-17
7.4.2 Calibrating and Validating the Model . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18
7.4.3 Performing the Modeling Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-22
7.4.4 Modeling Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-23

7.5 EXAMPLE SWMM MODEL APPLICATION . . . . . . . . . . . . . . . . . . . . . . . . . . 7-27
7.5.1 Data Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-27
7.5.2 SWMM Blocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-31
7.5.3 Model Calibration and Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-34
7.5.4 SWMM Pollutant Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-35

7.6 CASESTUDY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-38

iv January 1999



TABLE OF CONTENTS (Continued)

Page

8. RECEIVING WATER MODELNG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1

8.1 THE CSO CONTROL POLICY AND RECEIVING WATER MODELING . . . . 8-1
8.2 MODEL SELECTION STRATEGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-2

8.2.1 Hydrodynamic Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-3
8.2.2 Receiving Water Quality Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-4

8.3 AVAILABLE MODELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-5
8.3.1 Model Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-8
8.3.2 Computer Models Supported by EPA or Other Government Agencies . 8-17

8.4 USING A RECEIVING WATER MODEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22
8.4.1 Developing the Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22
8.4.2 Calibrating and Validating the Model . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22
8.4.3 Performing the Modeling Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-23
8.4.4 Modeling Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-23

9. ASSESSING RECEIVING WATER IMPACTS AND ATTAINMENT OF WATER

QUALITY STANDARDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1

9.1 IDENTIFYING RELEVANT WATER QUALITY STANDARDS . . . . . . . . . . . 9-2
9.2 OPTIONS FOR DEMONSTRATING COMPLIANCE . . . . . . . . . . . . . . . . . . . . 9-5
9.3 EXAMPLES OF RECEIVING WATER ANALYSIS . . . . . . . . . . . . . . . . . . . . . . 9-6

9.3.1 Example 1: Bacterial Loads to a River . . . . . . . . . . . . . . . . . . . . . . . . . . 9-6
9.3.2 Example 2: Bacterial Loads to an Estuary . . . . . . . . . . . . . . . . . . . . . . 9-23
9.3.3 Example 3: BOD Loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-29

9.4 SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-35

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R-1

APPENDIX A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1
APPENDIX B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B- 1

V January 1999



Exhibit l-l Roles and Responsibilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-5

Exhibit 3-1. Basic Flow Balance Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-10

Exhibit 4-1. Data for Example 4-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-19
Exhibit 4-2. Receiving Water Monitoring Location Example . . . . . . . . . . . . . . . . . . 4-28
Exhibit 4-3. Decision Flowchart for Initiating a Wet Weather Monitoring Event . . . 4-33

Exhibit 5-1.

Exhibit 5-2.
Exhibit 5-3.
Exhibit 5-4.
Exhibit 5-5.
Exhibit 5-6.
Exhibit 5-7.
Exhibit 5-8.
Exhibit 5-9.
Exhibit 5-10.
Exhibit 5-11.
Exhibit 5-12.
Exhibit 5-13.

Exhibit 6-1. Overview of Field Biological Sampling Methods . . . . . . . . . . . . . . . . . 6-14

Exhibit 7-1.

Exhibit 7-2.

Exhibit 7-3.
Exhibit 7-4.
Exhibit 7-5.
Exhibit 7-6.
Exhibit 7-7.
Exhibit 7-8.
Exhibit 7-9.
Exhibit 7-10.
Exhibit 7-11.
Exhibit 7-12.
Exhibit 7-13.

TABLE OF CONTENTS (Continued)

Page

LIST OF EXHIBITS

Page

Ranking of Yearly Runoff Characteristics as Simulated by the Storm
Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6
Rainfall and Runoff Parameters for Typical and Extreme Years . . . . . . . 5-7
1993 Rainfall Data for a 5,305 Acre Drainage Area . . . . . . . . . . . . . . . . 5-9
Rain Gage Map for Data Presented in Exhibit 5-3 . . . . . . . . . . . . . . . . . 5-11
CSO Flow Monitoring Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-13
Illustration of a Bottle Board Installation . . . . . . . . . . . . . . . . . . . . . . . . 5-16
Example Outfall Bottle Rack Readings . . . . . . . . . . . . . . . . . . . . . . . . . 5-16
Total Overflow Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-21
Example CSS Plots of Flow and Head versus Time . . . . . . . . . . . . . . . 5-23
Composite Sampling Data (mg/l) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-32
Pollutant Concentration Summary Statistics (mg/l) . . . . . . . . . . . . . . . . 5-32
Pollutant Loading Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-33
Fecal Coliform Data for Outfall l-Example Storm . . . . . . . . . . . . . . . . 5-35

Relevant CSS Hydraulic and Water Quality Modeling
for EPA’s CSO Control Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-9
Characteristics of RUNOFF, TRANSPORT, and EXTRAN Blocks of
the EPA Storm Water Management Model (SWMM)1 . . . . . . . . . . . . . . 7-8
CSS Runoff and Hydraulic Models (Public Domain) . . . . . . . . . . . . . . 7-14
CSS Water Quality Models (Public Domain) . . . . . . . . . . . . . . . . . . . . 7-15
Selected Commercial CSS Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-16
Levels of Discretization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-19
Drainage Area Map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-28
Sewer Network and Subareas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-29
SWMM Runoff Block Input Parameters (SWMM H1 Card) . . . . . . . . 7-32
SWMM Transport Block Input Parameters (SWMM H1 Card) . . . . . . 7-33
Flow Hydrograph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-35
Pollutographs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-37
Predicted and Observed Pollutant Concentrations . . . . . . . . . . . . . . . . . 7-37

vi January 1999



Exhibit 8-1.
Exhibit 8-2.

Exhibit 9-1.
Exhibit 9-2.
Exhibit 9-3.
Exhibit 9-4.
Exhibit 9-5.
Exhibit 9-6.
Exhibit 9-7.
Exhibit 9-8.
Exhibit 9-9.
Exhibit 9-10.
Exhibit 9-11.

Example 4-1.

Example 4-2.

Example 5-1.
Example 5-2.

Example 7-1.

LIST OF EXHIBITS (Continued)

Page

Dissolved Oxygen Superposition Analysis . . . . . . . . . . . . . . . . . . . . . . 8-12
EPA CEAM-Supported Receiving Water Models . . . . . . . . . . . . . . . . . 8-18

Map For Example 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-7
CSO Events for Example 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-9
Design Flow Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-13
Flow Duration Curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-17
Expected Exceedances of Water Quality Criterion . . . . . . . . . . . . . . . . 9-18
Excursions of Water Quality Criterion by Month . . . . . . . . . . . . . . . . . 9-21
Receiving Water Flow During CSOs . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-22
Map for Example 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-24
Steady-State Predictions of Fecal Coliform Count (MPN/100 ml) . . . . 9-27
Design Condition Prediction of DO Sag . . . . . . . . . . . . . . . . . . . . . . . . 9-32
Relationship Between DO Concentration and Upstream Flow . . . . . . . 9-33

LIST OF EXAMPLES

One Approach to Selecting Discharge Monitoring Sites for a
Hypothetical CSS with 10 Outfalls . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-18
Monitoring Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-35

Flow Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-15
Sampling and Data Use Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-36

Modeling Case Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-39

vii January 1999


