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Identify Project Objectives 

    Objective    Basis 

 
System Capacity    Level of Service 

SSO Elimination   Regulatory  

Non-surcharging condition  Good Operations 

Properly size facilities   Design Requirement 

 

 

Without a defined plan of action to address SSOs, it is unlikely that 
the Ohio EPA will allow additional users to connect to the system.  



 

 

 

History of I/I Investigations      
 

 

 



History of Inflow and Infiltration Studies 

• Interpretations of definition of “I/I” date back to the 
USEPA Construction Grants Program. 

 

• Originally, I/I investigations were narrow in scope and 
limited to broad brush categorizations for sub-basins that 
did not seek to pin point sources of I/I.  

 

• Flows quantified on GPD/inch-mile of sewer including 
laterals.  

 

• And was based almost exclusively on flow monitoring 
and data review, and follow-up investigations were 
necessary 

 

 

 



• SSES followed I/I investigations and included manhole 

inspection, smoke testing, dye flooding/testing, and 

CCTV investigations, and additional flow monitoring.  

 

• The definition of I/I evolved over time and is used now 

almost interchangeably with SSES.   

 

• Studies previous to the middle 1990s were hampered by 

limitations in CCTV and flow monitoring.   

 

• There was also a fundamental misunderstanding of what 

is meant by the terms “inflow and infiltration.”  

 

 

History of Inflow and Infiltration Studies 



• Oakland MUD coined the term “rainfall derived I/I” in a 
JWCPF article in 1987. 

 

• RDII was a term that was between “inflow” and 
“infiltration.  It is also called “delayed inflow” or “rapid 
infiltration.” It was evolutionary in the understanding of I/I.  

 

• Over time, there became a greater understanding of the 
importance of private property I/I where about 50% of 
total system I/I exists.  

 

• There also grew a greater understanding of how I/I and 
storm water drainage  issues are inter-related.   

 

 

History of Inflow and Infiltration Studies 



I/I Source Theory 

• Most I/I sources are neither 

large, nor  intentional.  

 

• Sources start as  small defects 

that develop  “water 

channels.”    

 

• Water channels wash away 

bedding material under pipes 

causing failure. 

 

• Common problem areas are 

storm sewers overlying sanitary 

sewers.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
  

 

 

 

 

  



Traditional I/I Investigation 

 

 

Traditional Flow Monitoring 

 

Manhole Inspection 

 

Wet Weather Response 

 

CCTV 

 

Smoke and Dye Testing 



What are I/I Vulnerable Areas? 

• Areas where sanitary sewer pipe is 

shown to be defective (NASSCO PACP, 

Class 4 and 5 defects) 

 

• Poor surface drainage and 

conveyance 

 

• Sanitary and storm infrastructure in 

close proximity 

 

• Photo to right is the Columbus Early 

Ditch Project, Great Western Shopping 

Center. Sanitary sewer and ditch are a 

few feet apart.  



Approach for I/I Vulnerable Areas 

          Consider options for peak flow  reductions for I/I Vulnerable Areas 

 

    Investigate I/I 

 

 

    Storm Water System Improvements 

 

 

 

 

 

Micro-Monitoring 

 

 



 

 

 

Micro Monitoring      
 

 

 



Flow Measurement: Techniques 

Not all data measuring devices are the same! 

  

Devices used may include 

 

• Flow Monitoring – Conventional (Gold Standard) 

• Flow Monitoring – Micro-monitor 

• Data Logger – Level and Temperature 

 

 

 

 



Flow Measurement:  

Conventional Flow Meter  
 

• Sanitary Sewers 10-inches 
in diameter and larger 

  

• Proven reliable 
technology: used by 
Columbus, MSD 
Cincinnati, and other 
large metropolitan sewer 
agencies 

 

• Stantec is nationally 
known flow monitoring 
expert 

  

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

Conventional Flow Meter 



Flow Measurement: Micrometer  

 

• Sanitary Sewers  8” and 
less  

  

• Very effective in low flow 
situations 

 

• Confined space entry not 
required: a cost savings! 

 

• Can be a “stand alone” 
tool for I/I source finding  

 

• Developed by Dr. John 
Barton of Stantec 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
 
 
 

 

  

Installation of a Micro-Meter  



Low Profile Probe Flow Low Flow 

Applications  

Flow Shark Flow Meter 

Micrometer - Adaptive Means to 

Accommodate Low Flow Situations 



I/I Removal Approach - Methods 

 CIPP Lining Mainline 

Structural Defects  

 

 CIPP Lining Laterals 

 

 Manhole Rehabilitation 

 

 Addressing Storm 

Deficiencies –       

Green Technologies 

 



Micro Monitoring Investigation 

 • Reduce the System into smaller sewer sheds where traditional 

flow monitoring has not been successful 

 

• Applicable in small diameter pipes (6” and 8”) 

 

• Significant conclusions may be drawn after a single storm 

event 

 

• Allows a utility to focus CCTV, smoke and dye testing to small 

areas to reduce cost of investigation 



Which House has the I/I? 



Milford Center  - Meter Locations 
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Milford Center 

Schematic 
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Milford Center - I/I Response  



Milford Center Results 

07 

01 

02 

08 

10 

09 

12 

13 

11 

03 

04 

05 

06 

Water 

Plant 

Pump 

Station 

Phase 1 Monitor* 

Phase 2 Monitor 

9% (0.73) 

0% (0) 

0% (0) 

13% (0.42) 

1.2% (0.08) 

0.9% (0.13) 

0.9% (0.13) 

0.8% (0.75) 0.1% (0.09) 

73% (10.5) 

0.4% (0.20) 

1.1% (0.64) 

5% (1.46) 

5% (1.46) 

Percentage of total 

I-I from sub-basin 
Ratio of I-I to Pipe 

Length, >1 (red) means 

more than average I-I 

(This sub-basin does have 

infiltration after the storms.) 



Milford Center – Pinpointing I/I Sources 

01 

02 

10 

09 

12 

13 

11 

* 

73% (10.5) 

5% (1.46) 

Reduced  investigation of 30,000 lf of sewer to 1,900 lf…  saving the client time and 

financial resources  



 

 

 

Early Ditch Green Solutions      
 

 

 



Existing Conditions Early Ditch I/I - R Factor: Where is I/I the Worst? 



Westmoor  

Project Area 

Race Street  

Project Area 

Great Western  

Project Area 

I/I Removal Approach – Target Locations 20% 

Burgess Avenue 

Project Area Olive Street 

Project Area 



Early Ditch Options Evaluated 

 Increased Conveyance  

 

 

 Storage 

 

 

 Inflow and Infiltration Remediation 

 

 

 Green Infrastructure 

 

 

 Satellite Treatment 

 

 

 

 

X 

 



I/I Reduction – Literature Review 

Reviewed 1,500+ published 

papers 
 

Found 23 with quantitative I/I 

removal results 
 

Public 

• 36% is attainable removal rate 

in ROW 
 

Private 

• 33% is attainable removal on 

private property 
 



Race Street Area 

 Residential 

Neighborhood 

 

 Close Proximity/ 

Co-Located Utilities 

 

 Class 4 Defects 

 

 Positive I/I Testing 

= 54 GPM 

 

 

 

 



Race Street - Existing Storm System 

Capacity 

Race Street 

Project Area 



Race Street Green Technologies? 



Race Street Green Technologies, Cont. 

 

 

 

 Provides storage to reduce 

peak storm flows 

 

 Relieves surcharged storm 

sewers 

 

 Could be converted into… 



Race Street Project – Detention Basin & Park  



Great Western Project - BPMs  



Westgate Park Storm Project – Detention Basin 



 

 

 

Take Away Message      
 

 

 



Take Away Message 

 
 

• Sanitary and storm system deficiencies are related. If an 

area is poorly drained, it most certainly experiences I/I 

 

• Typically 50% of all system I/I is on private property 

 

• Flow metering technology has evolved to the point where 

it can be a significant tool to locate I/I 

 

• Green technology can be used in combination with gray 

to help address storm water drainage  

 

 



Questions? 

Dale Kocarek P.E., BCEE 

Dale.Kocarek@Stantec.com 

614-485-5038 


