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WET WEATHER IMPROVEMENT 
PROGRAM

•

•



EVEN DURING DRY WEATHER, E. COLI HAS 
EXCEEDED THE WATER QUALITY 
STANDARD



MANY SOURCES CONTRIBUTE TO 
WATER POLLUTION IN THE 
WATERSHED

CSO

SSO Private 
systems

Stormwater

Urban runoffAgriculture
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HOLISTIC WATERSHED 
MANAGEMENT

• Demonstrative approach
• Watershed scale 

• Presumptive 
approach

• Reactive 
• Point source 

solution



THE VALUE OF A WATER 
QUALITY PROGRAM

Focus on the outcome
Prioritizes improvement 

projects
Helps demonstrate 

project effectiveness 
Improves communication 

and regulatory buy-in
Reduce compliance cost 

and risk

Chemical 
Integrity

Biological
Integrity

Physical 
Integrity

“Clean Water Act-
restore and maintain 
the chemical, physical, 
and biological 
integrity”



WATER QUALITY PROGRAM 
COMPONENT

Water Quality 
Monitoring 

Water Quality 
Modeling

Watershed 
planning



WATER QUALITY PROGRAM 
COMPONENT

• Traditional 
sampling

• Remote sensing 
• DNA testing
• Online sensors 

Water Quality 
Monitoring 

Water Quality 
Modeling

Watershed 
planning



REMOTE SENSING: COST-EFFECTIVELY 
IDENTIFYING WATERSHED POLLUTION

 Remote detection of non-microbial contaminants

 Identifies sources and hotspots on watershed scale

 Documents water quality trends



OHIO RIVER TPW 2013

REMOTE SENSING CASE STUDY: 
NUTRIENT AND WQ POLLUTANTS 
MAPPED TO GUIDE WATERSHED-
BASED DECISION MAKING

7/2/2012 NATURAL COLOR

OHIO RIVER TPW 2012



REMOTE SENSING OUTCOME 

Gain understanding of what’s really 
happening across the entire watershed

• Low flow (normal conditions) shows low total 
phosphorus

• High level clusters of total phosphorus are visible 

• High total phosphorus after a major rain event

Reduced sampling and monitoring costs
Targeting mitigation investment



DNA TESTING: A UNIQUE AND 
INNOVATIVE APPROACH
RECOGNIZED BY THE INDUSTRY
• 1st integrated fecal source tracking strategy
• 1st optimized study applied to large urban 

watershed



Total 
coliform

Fecal 
coliform

E. coli

Bacteroides

Human 

Bovine

Canine

Avian

Pathogens

E. coli O157: H7 

Norovirus

Streptococcus

Culture-based
methods

Molecular-based 
methods

MICROBIAL SOURCE 
TRACKING



LINKING THE SOURCES WITH 
THE CAUSES

Pollution origin Pollution detection and causes/reasons

Human Yes, CSO, SSO, and septic tanks
Bovine No, no cattle in the watershed
Canine Yes, pet facility nearby or parks
Avian Yes, wild waterfowl

GIS Mapping

Source Identification

Source Quantification



WATER QUALITY PROGRAM 
COMPONENT

• Traditional 
sampling

• Remote sensing 
• DNA testing
• Online sensors 

Water Quality 
Monitoring 

• Collection model
• Watershed 

model
• Receiving stream 

model

Water Quality 
Modeling

Watershed 
planning



WATER QUALITY MODEL 
GOALS

• Characterize 
Contaminant Sources 
and Load Allocations 

• Refine Water Quality 
Model With Better 
Resolution and 
Nutrient Fate and 
Transport 

• Provide Guidance for 
Phase II Wet Weather 
Improvement Program 
and Watershed 
Operations Division

Ohio 
River 

Water 
Quality

Upstream

Tributaries
•Ohio
•Kentucky

CSOs
•MSD
•SD1 Ohio River 

Direct 
Drainage 

in Ohio

Downstream



Surface Water 
Model

EFDC or WASP

Hydraulic model  
(SWMM)

Watershed 
model (EFDC)

River 
Hydrographs

River 
Pollutographs

INTEGRATED MODEL FOR 
EACH STREAM
Sewered area Non-sewered area

CSOs

SSOs

Stormwater Other 

Dry 
weather 

Component Analysis



WATER QUALITY PROGRAM 
COMPONENT

• Traditional 
sampling

• Remote sensing 
• DNA testing
• Online sensors 

Water Quality 
Monitoring 

• Collection model
• Watershed 

model
• Receiving stream 

model

Water Quality 
Modeling • Pollutant 

sources/Causes 
Determination

• Integrated 
Watershed 
planning 

Watershed 
planning



Sedimentation/
low flow

Nutrients

ChloridesHabitat 
alterations

PAH 
compounds

Dissolved 
Oxygen

Organic 
Enrichment

Metals
Siltation Others

WATER QUALITY STRESSORS 
AND POTENTIAL SOURCES

Biological and Water 
Quality Studies 2011-2014 



Sedimentation
chloride

Sedimentation

Habitat alteration 
Sedimentation, 
nutrient, chloride

Sedimentation
Nutrient, DO

BIOASSESSMENTS HAVE VERIFIED
CSOs ARE NOT THE ONLY SOURCE 
OF IMPAIRMENT

WQ non 
attainment 



STRESSOR PRIORITIZATION: 
MULTIVARIATE ANALYSIS 

Missing Species

Unknown

Channelized
River Reach

In-stream
Cover

Consumer 
Products?

% Effluent

Small Impact

X

X
X

Figures courtesy  of 
Scott_Dyer_PG



IPS DASHBOARD – SHOWS 
RANKINGS FOR STREAMS AND SITES

Excel 
spreadsheet 
allows user to 
select specific 
streams, sites, 
& year of data



HOLISTIC WATER QUALITY 
MANAGEMENT 

Water 
Quality

Habitat
Restoration

Meeting 
Compliance 



WATER QUALITY PROGRAM 
ANSWERS

• What are impacts of CSOs and SSOs on 
the water quality?

• What are the other pollution 
contributions? 

• What is impact of water quantity vs. 
water quality? 

• How to prioritize engineering projects? 
• How to measure engineering project 

effectiveness? 
• How should we optimize the watershed 

operation? 
• How do we assess human health risk 

when exposed to the impairment of 
water body?



COLLABORATED PROGRAM 

Conduct wet weather sampling

Update water quality models

Scenario evaluations with 
Integrated Priority System Tool

Perform additional innovative 
technologies 
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