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Sanitary Sewer Overflow 
Management Using Geomembranes 

– One City’s Successes and 
Challenges

Felon R. Wilson, P.E.
Seaman Corporation

What is an SSO?

Sanitary Sewer Overflow

Occasional unintentional discharges of raw sewage
from municipal sanitary sewers due to blockages,
line breaks, sewer defects that allow stormwater
and groundwater to overload the system, lapses in
sewer system operation and maintenance, power
failures, inadequate sewer design, and vandalism.

2017 ASCE Infrastructure report card
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Why worry about SSO’s?
whySSO?

• 23,000 – 75,000 SSO’s /year in the US
• SSO’s are point source discharges.
• Point Source Discharges must have an NPDES

Permit
• Each non permitted discharge is a violation of

Federal Law
• SSO’s may be indicative of improper operation

and maintenance of the sewer systems
• City of Baltimore SSO corrections:

• 2002‐2016 $900M
• 2016‐2021 $300M
• Total by 2030 $2.1B

US EPA, NPDES Requirements, SSO’s

What is an SSO?

.
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Are SSO’s really a problem?

.

What is an SSO?

Surcharged Pipes:  Overflow at available Discharge 
points
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What is an SSO?

Place text here

FEB or SSO or CSO?

FEB‐ Flow Equalization Basin
Within or at end of Collection System
Often found at WRRF
Broad Term

SS0‐Sanitary Sewer Overflow
Within Collection System
Unintentional discharge

CSO‐Combined Sewer Overflow
Part of both Sanitary and Storm Systems
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What is an CSO?

Where are the Combined Systems?

Place text here

• Most Combined Systems (approx. 700) are in the 
Upper Midwest and Northeast

• >20,000 Separate Sanitary Systems 
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SSO Management Options

SSO Remediation Options
Eliminate Wet Weather Flow
Extensive Collection System Remediation (800,000 

miles sewer systems, 500,000 laterals)

Increase System Capacity
Replacement of Underground infrastructure
Increase capacity of head works/treatment works      

at WRRF’s

Inline Equalization Storage
Hard shell tanks
Open storage

SSO Management Options

SSO Remediation Options
Eliminate Wet Weather Flow
Extensive Collection System Remediation (800,000 

miles sewer systems, 500,000 laterals)

Increase System Capacity
Replacement of Underground infrastructure
Increase capacity of head works/treatment works      

at WRRF’s

Inline Equalization Storage
Hard shell tanks
Open storage
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SSO Remediation

Open Cut $100’s/LF ($310/LM) +Intangibles       
… EPA

SSO Remediation

Trenchless Rehab ‐ $100/LF ++ ($310/LM++)
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SSO Management Options

SSO Remediation Options
Eliminate Wet Weather Flow
Extensive Collection System Remediation (800,000 

miles sewer systems, 500,000 laterals)

Increase System Capacity
Replacement of Underground infrastructure
Increase capacity of head works/treatment works      

at WRRF’s

Inline Equalization Storage
Hard shell tanks
Open storage

SSO Remediation

Treatment Plant/Head Works Capacity Expansion
$3/GPD Capital, $1/GPD Annual O&M‐Design for 
Peak Hydraulic Flow 

Cost Water 2020
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SSO Management Options

SSO Remediation Options
Eliminate Wet Weather Flow
Extensive Collection System Remediation (800,000 

miles sewer systems, 500,000 laterals)

Increase System Capacity
Replacement of Underground infrastructure
Increase capacity of head works/treatment works      

at WRRF’s

Inline Equalization Storage
Hard shell tanks
Open storage

Hard Shell SSO Storage Tanks

Knoxville Tennessee
Knoxville Utility Board

Walker Springs Road Storage
Kuwahee WRRF Headworks Storage

Kuwahee WWTP Headworks

17

18



3/26/2020

10

Open Storage – SSO Impoundments

Lined Impoundments vs. Hard Shell Tanks 
SheComparison
Feature Geomembrane Lined 

Impoundments
Hard Shell Tanks

Location Flexibility Limited Higher

Capacity High Limited

Operational Difficulty Lower Higher

Operational Flexibility Higher Lower

Odor Management 
concerns

Higher Moderate

Cost Low High
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Tulsa North Drainage System FEB’s

Place text here

Impoundment Lining Alternatives

Insitu Soil
Sandy Clay

Permeability
Maintenance

Hard Shell 
Concrete

North Plant Experience
Maintenance
Stability

Geomembrane
Exposed option
Low Maintenance
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Impoundment Lining Alternatives

Insitu Soil
Sandy Clay

Permeability
Maintenance

Hard Shell 
Concrete

North Plant Experience
Maintenance
Stability

Geomembrane
Exposed option
Low Maintenance

Impoundment Lining Alternatives

Insitu Soil
Sandy Clay

Permeability
Maintenance

Hard Shell 
Concrete

North Plant Experience
Maintenance
Stability

Geomembrane
Exposed option
Low Maintenance
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Tulsa North Basin Concrete lined FEB

Place text here

Impoundment Lining Alternatives

Insitu Soil
Sandy Clay

Permeability
Maintenance

Hard Shell 
Concrete

North Plant Experience
Maintenance
Stability

Geomembrane
Exposed option
Low Maintenance
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Geomembrane Requirements
Sunlight Exposed

No Diurnal Waves

Self Cleaning
Operational cleaning
Stability
No cover‐cost, maintenance, odor

High Strength

Puncture

Seam Strength
Rapid filling cycles

Chemical Resistant/UV Stable
Cost Effective/Longevity

Capital

Maintenance

Haikey Creek FEB #1 ‐ 2012

• Mechanical 
Treatment Plant 
constructed in 1983  

• FEB #1 constructed 
and lined after 1995

• Relined in 2012
• Excessive 

maintenance from 
exposed high CTE 
liner
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Haikey Creek FEB #2 ‐ 2016
Advantages of Exposed Geomembrane Lined 
Impoundment

• Flexibility of operations with Parallel storage
• Easier cleaning with exposed geomembrane
• Lower cost than hard shell tanks or hard shell linings
• Available Land

Haikey Creek FEB #2 ‐ 2016

• Doubled SSO/ FEB storage from 15 MG to 30 MG (56 dam3 to 
113 dam3)

• Both FEB’s lined with Reinforced Ethylene Copolymer 
Geomembrane, 8130 XR‐5® (Seaman Corporation)
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SSO Storage Cost Comparison

Location 
and Date

FEB Storage
Facility

No. of 
units

Storage 
Volume, 
MG 
(dam3)

Total 
Cost, 
$M

Cost, 
$/gallon 
($/m3)

Tulsa OK
2017

Geomembrane 
Lined 
Impoundment 
(FEB #2)

1 15 
(56)

4.03 0.27
(71.07)

Lexington KY
2017‐2026

Multiple Hard 
Shell Tanks

10 109.8 
(415)

328 2.99
(789.96)

Haikey Creek WRRF SSO Storage

Place text here

Pre 
Sedimentation

FW1
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Haikey Creek WRRF SSO Storage

Place text here

FEB # 1

FEB #2
Pre Sed Basin

Weir outlet from Pre Sedimentation Basin

.
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FEB #2 – Basin Water Cannon Piping

FEB #2 – Basin Water Cannon Piping

Place text here
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Basin Cleaning Operations

• Water Cannons/Hose Connections –Full Perimeter
• Basins primarily self cleaning
• Sloped to drain, smooth surfaces
• Wet weather operations keep basins manageable
• Manual operations required 2‐4X/year; 3‐man weeks
• Odor problems minimal

Basin Water Cannon Piping 

Place text here

37

38



3/26/2020

20

FEB #1 – Basin Water Cannon Piping

Place text here

Haikey Creek WRRF SSO Storage

Wrinkle Free Exposed Geomembrane – FEB #2
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Haikey Creek WRRF SSO Storage

Wrinkle Free Exposed Geomembrane – FEB #2

Haikey Creek WRRF SSO Storage

Wrinkle Free Exposed Geomembrane – FEB #1
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Haikey Creek WRRF SSO Storage

Place text here

Haikey Creek WRRF SSO Storage

Place text here
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Haikey Creek WRRF – FEB #2

.

Hakey Creek WRRF 

.

Questions?
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