
CSWEA 85th Annual Meeting
St. Charles, Illinois

• Steve arant and Jim Fitzpatrick

Wet-Weather Flows Certainly 
Have Some Different Characters
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Thank You, Thank You, Thank You!!
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• How Wet-Weather Flows Are Different
• Unique Regulatory Considerations
• Treatment Solutions Tailored to The 

Problem

On Our Menu Today…
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How Wet-Weather 
Flows Are Different

• Completely different set of influent characteristics and 
ecological concerns when streams are highW
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Stormwater
Runoff in Creek

Wet-Weather
Effluent  from POTW
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LAWRENCE, KANSAS
WWTP WET-WEATHER INFLUENT FLOWS

• Huge difference than peaking factors envisioned by 
conventional WWTP design standards (Ten States, 
WEF MOP 8, etc.).

HIGHLY VARIABLE FLOW RATES…
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TOLEDO, OHIO
BAY VIEW WWTP WET-WEATHER INFLUENT FLOWS

• QPKHR ≈ 5 to 10 x QAA
• Similar for both CSS and SSS
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• QXS ~ 5% of the time
• Similar for both CSS and SSS

SPRINGFIELD, OHIO WWTP
BYPASS DURATIONS (2008- 2009)

…INTERMITTENT WITH SHORT DURATION

SPRINGFIELD, OHIO WWTP
INFLUENT FLOW PROBABILITY CURVE
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• Wet-weather flows considered “outlyer “ data 
in some WWTP studies
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• First-flush and dilution dynamics are much 

different than normal conditions addressed 
by conventional WWTP design standards

Don’t forget about pollutants carried with 
the flow

Lawrence, KS Wet Weather Influent TSS
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• C << CAA after first flush
• Similar for both CSS and SSS

LAWRENCE, KANSAS
 WET WEATHER EXCESS FLOW INFLUENT TSS
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CINCINNATI, OHIO
 CSO CHARACTERIZATION STUDY

W
et

 W
ea

th
er

 F
lo

w
s C

er
ta

in
ly

 H
av

e 
So

m
e 

Di
ffe

re
nt

 C
ha

ra
ct

er
s

May 16, 
2012

CSWEA 85th Annual Meeting



• D.O. sags generally much less of a concern when 
flows are high

• Main wet-weather pollutants of concern:
• Silt, sediments and solids. Burying eggs and 

larvae.
• Biological pathogens (bacteria, etc.). Human 

health concern vs. aquatic toxicity concern.
• Floatables. Trash, plastics, etc. Ingestion and 

entanglement by wildlife.  Aesthetics.
• Predominantly non-point sources

Wet-Weather vs. Dry-Weather Pollutants 
of Concern
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Unique Regulatory 
Considerations

• Existing regulations mostly aimed 
at dry-weather flows. Sustainable 
wet-weather policies require 
holistic interpretations.
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Usepa Wet-Weather 
Treatment Policies are a 
Work-In-Progress
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2003
Draft
“Blending 
Policy”

2005
Draft “Peak 
Flows 
Policy”

2009
Draft UA 
Guidance

2010/2011
SSO/Peak 
Flows 
Listening 
Sessions and 
Workshops

2012
Integrated 
Planning 
Framework

1994
CSO 
Control 
Policy
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A wet-weather bypass is not well defined 
by current CWA regulations

Source: USEPA, Sanitary Sewer Overflows and Peak Flows Listening Session, June 30, 2010

What if it does meet permit limits?
• 40 CFR 122.41(m)(2)
• Essential maintenance of biomass
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“Blending” is not the same as “Bypass”

Source: USEPA, Sanitary Sewer Overflows and Peak Flows Listening Session, June 30, 2010

NPDES Permit Limits
• Secondary treatment limits based on weekly 

and monthly averages.
• Have water quality based limits been adjusted 

for wet-weather flows?
• Mixing zone?
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• Assumes 
steady influent…
TSS/BOD = 
200/200 mg/L

“Secondary treatment” standards are based 
on much different raw material than wet-
weather flows

Parameter Units

40 CFR 133.102 40 CFR 133.105
Secondary Treatment Equivalent to Secondary Treatment

Max Min Weekly 
Average

Monthly 
Average Max Min Weekly 

Average
Monthly 
Average

pH SU 9.0 6.0 - - 9.0 6.0 - -

TSS
mg/L - - ≤45 ≤30 - - ≤65 ≤45

% Removal - - - ≥85% A - - - ≥65% A

BOD5
mg/L - - ≤45 ≤30 - - ≤65 ≤45

% Removal - - - ≥85% A - - - ≥65% A

• Long-term performance 
across entire POTW…not 
short-term performance 
criteria for biological 
trains…not wet-weather 
influent conditions

• Narrative allowances 
in 40 CFR 133 and 
122(m) for wet 
weather

A. Based on monthly average influent and effluent concentrations only. Special considerations for lower 
requirements with combined sewers and less concentrated influent for separate sewers.
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Source: USEPA, Sanitary Sewer Overflows and Peak Flows Listening Session, June 30, 2010

Source: USEPA, Sanitary Sewer Overflows and Peak Flows Listening Session, June 30, 2010

The meaning of “secondary treatment” in recent 
draft policies may have been misinterpreted…

“Secondary” ≠ “Biological”. 
Unintended consequence from 
focusing only on dry weather.

“Secondary Treatment”
per 40 CFR 133

…but underlying regulations appear 
to support a more holistic approach.



• …the relevance and meaning of “primary 
treatment” and “secondary treatment” will 
continue to evolve.

• When the secondary treatment regulation was 
promulgated, the regulatory significance of 
“primary treatment” changed.

• More emphasis now being placed on water 
quality-based effluent limits.

• As technologies advance into new applications, 
new technology-based effluent limits may need to 
be developed.

As the clean water industry matures…
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Effluent quality from enhanced HRT 
technologies is clearly better than what 
was envisioned for “bypass” and 
“blending”

May 16, 
2012

CSWEA 85th Annual Meeting
W

et
 W

ea
th

er
 F

lo
w

s C
er

ta
in

ly
 H

av
e 

So
m

e 
Di

ffe
re

nt
 C

ha
ra

ct
er

s

16

Sedimentation
(a.k.a. Clarification)

Filtration

Conventional

Chemically Enhanced

Lamella Settlers

Sludge Recirculation

Ballasted Floc

Shallow Sand

Deep Sand

Cloth Media

Compressible Media

HRC
HRF



Wet-weather HRT is not “bypass” or “blending”
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Source: USEPA, Sanitary Sewer Overflows and Peak Flows Listening Session, June 30, 2010

“Secondary Treatment”
per 40 CFR 133“Auxiliary treatment” - Various technology 

and design alternatives depending upon 
effluent quality goals.

Auxiliary



USEPA CSO Policy is supportive of Auxiliary 
Treatment Strategy
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• …but SSO and Peak Flow Policy has not been 
finalized by USEPA

Recent Regulatory Proposals may have 
initially discouraged auxiliary treatment for 
SSO control...
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a. Existing Treatment Plant Capacity and Improvements Study

b. Historical Wet Weather Diversion Characterization and Alternatives 
Evaluation

c. Future Wet Weather Diversion Characterization and Alternatives 
Evaluation

d. Existing Storage and Alternatives Evaluation

e. Assess Other Ways to Reduce Peak Wet Weather Flow Volumes

f. Evaluate Auxiliary Treatment Alternatives

g. Evaluate I/I Reduction Measures

h. Evaluate Impact from Implementation of C-MOM Programs

i. Assess Community’s Ability to Fund Peak Wet Weather Flow 
Improvements

j. Propose Monitoring Protocol for Recombined Effluent

k. Projected Effluent Quality and Performance from Proposed Upgrades

Abbreviated Utility Analysis (“no feasible 
alternative analysis”) in recent IEPA 
permits
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• Communities evaluate 
how best to meet all 
their CWA requirements

• Coordinate sequence of  
wastewater and 
stormwater projects. 
Prioritize based on 
environmental benefit.

• Emphasize innovative 
solutions, such as green 
infrastructure.

• Use flexibility of existing 
CWA regulations.

• Potentially renegotiate 
existing consent decrees.

Recent USEPA focus on Integrated 
wastewater and stormwater management 
planning

21
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• Section 208 Water Quality Planning

Integrated CWA 
approaches 
previously 
supported by 
USEPA

22
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Treatment Solutions 
Tailored to the 
Problem

• Many of today’s auxiliary treatment 
alternatives were not established when 
previous policies and practices were 
developed.
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• Wet-Weather Influent Characterization
• See “How Wet Weather Flows are Different”
• Develop influent hydrograph and pollutographs to 

establish design event magnitude, duration and 
frequency.

• Maximize Use of Existing Facilities
• Evaluate peak capacity with wet-weather operational 

changes
• Recognize limitations of biological treatment processes

• If Needed, Increase Wet-Weather Flow Treatment 
Capacity

• Evaluate auxiliary treatment alternatives
• Consider potential for dual-use during dry-

weather

General Approach to evaluate wet-weather 
treatment alternatives
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• …are keys to avoid overly conservative wet-
weather treatment design criteria

Realistic Influent Hydrographs and 
Pollutographs…
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• Inexact capacity - Different storm-to-storm, antecedent 
conditions, etc.

• Cold influent (snowmelt) challenges
• More treatment infrastructure won’t necessarily 

increase amount of biological treatment…biomass has 
finite capacity…slow kinetics…dilute influent

• Protect your biomass
• Absolutely critical treatment 

“equipment”
• Full recovery can take weeks or months

• Biological nutrient removal (BNR) processes are 
particularly sensitive to wet-weather upsets

Biological treatment processes can be 
optimized to handle some wet-weather 
flows, but have inherent limitations
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Don’t Upset Your Bugs!



• Many of today’s HRT technologies weren’t 
envisioned when “bypass” and “blending” were 
defined

Various process and technology 
alternatives for wet-weather HRT

Sedimentation
(a.k.a. Clarification)

Filtration

Conventional

Chemically Enhanced

Sludge Recirculation

Ballasted Floc

Shallow Sand

Deep Sand

Cloth Media

Compressible Media

HRC HRF

High-Rate Treatment

(HRT)

Lamella
Settlers

Vortex
Assisted

27
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• Frame of reference for HRT or EHRT 
technologies

• Also known as:
• Primary Clarification
• Settling
• Gravity Settling
• Primary Treatment

Conventional Sedimentation
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• 1500 BC – Alum coagulation by Egyptians
• 1740 AD – Chemical sewage treatment in Paris
• Today – Resurgence of interest in CEPT (Chemically 

Enhanced Primary Treatment), CES (Chemically Enhanced 
Sedimentation or Settling), CEC (Chemically Enhanced 
Clarification), CAS (Chemically Assisted Settling)…

Chemically enhanced sedimentation continues 
to prove its effectiveness
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30

Sludge recirculation and ballasted 
flocculation further enhance CES 
performance

 
 

CoMagTM

 
 

CoMagTM
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3125 MGD Activated Sludge

Excess Flow Treatment Facilities

40 MGD
Actiflo

Lawrence, Kansas WWTP

Example Auxiliary HRC facilities include…

• Satellite PEFTF
• SSO Control

232 MGD 
DensaDeg

17 MG 
EQ

8 MG 
EQ

Toledo, Ohio
Bay View WWTP

Salem, Oregon
River Road Park Wet Weather Facility

50  MGD Actiflo

• In-plant Facilities
• CSO Control

• In-plant Facilities
• SSO Control
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32• … with potential operational advantages, no 
chemicals

High-Rate Filtration offers similar effluent 
Quality as Chemically Enhanced HRC…

• 2000 BC – Granular 
filtration in ancient Sanskrit 
writings

• Today
• Deep-bed granular media
• Compressible media
• Cloth media

CMF Media

Schreiber
WWETCO
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33• New 100-mgd CMF is part of Springfield, 
Ohio’s CSO Long Term Control Plan 

100% design stage of world’s largest 
Auxiliary HRF Facility

Excess Flow 
Interceptor 
and Screen

Compressible 
Media Filter

Disinfection
&

Effluent Pumps
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Consistent Disinfection of EHRT Effluent

1

10
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1,000

10,000

100,000

1,000,000

0 1 3 5 10 15 30

E. Coli 
Concentration (MPN/100 mL)

Contact Time After Dosing Hypochlorite (min)

St. Joseph, Missouri
Wet-Weather HRT Test (April 10, 2009)

CMF CEPT- Ferric CEPT- Alum HRC- Ferric HRC- Alum

206 MPN/100 mL

Notes:
1. Hypochlorite dose of 6 mg/L (as Cl2)

• EHRT effluent very 
amenable to 10-
minute chlorine 
contact time for fecal 
coliform and E. coli

1

10

100

1,000

10,000

0 5 10 15 20 25 30 35

E. coli 
(#cfu/100 ml)

Contact Time After Hypochlorite Dose (minutes)

Springfield, Ohio CMF Pilot
Effluent Disinfection Tests

4-Apr, Dose = 2 mg/L

11-Apr, Dose = 2 mg/L

12-Apr, Dose = 2 mg/L

USEPA Proposed Recreation 
Water Quality Criteria
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HRT Technologies continue to Evolve and 
emerge

• Will biocontact 
provide meaningful 
benefit for added 
complexity and 
expense?

• Feasibility for remote 
CSO, SSO or 
stormwater facilities?

Biologically Active Compressible Media Filter
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36• Helping fill data-gaps about treatment during 
actual wet-weather conditions

Other areas of R&D into EHRT
Milwaukee side-by-side trials

• Full-scale CES
• Pilot-scale Biocontact 
• Pilot-scale CMF

Toledo pathogen study
• True pathogens and indicator organisms
• Full-scale parallel AS and DensaDeg HRC
• Pre- and post- chlor/dechlor
• Actual wet-weather discharge conditions
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Some Closing Thoughts
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Source: Schaefer, K.; Comeback of the 
Cuyahoga River, WKSU Public Radio, 
http://www.wksu.org/news/story/23583 
(accessed Sept 22, 2010).

• Today’s wet-weather problem is entirely different than most 
problems envisioned by current NPDES policies.

• Holistic interpretations of CWA, “secondary treatment”, “bypass”, and “blending” 
should be able to accommodate HRT alternatives for auxiliary treatment of wet-
weather flows.

• Wet-weather treatment regulatory policies should continue to 
refocus:
• Watershed-based planning for meaningful water quality benefits
• Promote sound science, proven technologies and sustainable 

alternatives
• Balance costs, benefits and risks

http://www.wksu.org/news/story/23583
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