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Sanitary Sewer Evaluation Surveys
Thursday October 1 (1pm – 2pm EST)

Presenter Notes
Presentation Notes
Today’s webinar  is hosted by the Syracuse Environmental Finance Center Network in Syracuse, NY and Center for Technology & Training at Michigan Technological University in Houghton, MI




Today’s Agenda
Sanitary Sewer 

Evaluation Surveys  (SSES)
Infiltration & Inflow

o Identify Common Sources
o Understand Impact on Collection Systems

Inspection & Condition Assessment 
Methods

o Introduce Standard Inspection Methods  

Understand Data Collection & How 
To Use It 

o Benchmarking System Condition
o Use Data to Prioritize Repairs & 

Improvements 2

Presenter Notes
Presentation Notes
SSES are an important activity for WW utilities.  A big part of asset management is to understand infrastructure condition in a way that can be communicated governing bodies, rate payers and regulators.  

No one wants rate increases but currently, the need for collection system improvements are not being meeting.  In 2025, the ASCE reported that the rate of sewer backups in the US increased by 65% from the year before.

This is a topic I lived in my experience as Director of Public Works & Utilities in Ashland, and I’ll be referencing that experience as we go.  To start, here is a outline of what we are going to talk about today…Note: walk thru the bullet 
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Infiltration & Inflow



Key Concepts
Infiltration & 
Inflow (I&I)
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Inflow- Storm water or groundwater that flows                              
 into the sanitary sewer system through                               
direct connections, primarily from various 
types of stormwater drainage features

Infiltration- Storm 
water or groundwater 
that flows into the sewer 
system through defects 
in sewer collection 
mains & structures

Presenter Notes
Presentation Notes
Common jargon in the WW industry is “I&I” which is an abbreviation for infiltration and inflow.  Let's define each of them.   

Correcting inflow typically involves inspection followed by working with customers to modify drain plumbing. 

Correcting infiltration typically requires inspection followed by rehabilitation, repair, and replacement of collection system assets. 



Sources of Inflow
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Storm Sewer
Sump Pumps

Roof Drains

Drain Tile

Presenter Notes
Presentation Notes
Here are the big four, sump pumps, roof drains, storm sewer (municipal or private) and drain tile.   On their own two legs and when properly diverted from sanitary sewer, these aren’t necessarily sources of inflow.  The issue is connection to sanitary sewer.   The drain tile is a good example.  You can see here the drain tile is connected to the sanitary sewer lateral.   If it were properly plumbed to storm sewer or elsewhere, it would not be an issue. 



Sources of Infiltration
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Cracked Pipe

Presenter Notes
Presentation Notes
Ok moving into infiltration, one point that I want to make is that infiltration is correlated with aged infrastructure.  The image in the left has a hole in the pipe, which obviously didn’t appear overnight.   The image on the right has a crack and you can actually see where groundwater infiltration water has stained the pipe over time.



Sources of Infiltration
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Offset Joint Poor Joint Seal

Presenter Notes
Presentation Notes
With the cracks, something to know is if roots can find their way into the pipe, so can groundwater.   Construction defects can also be an issue, offset joints can form due to differential settlement along the pipe.   Joints are another issue that can be related back to aged infrastructure.   VCP is an older type of pipe material and back when it was widely used, the pipe came in 3 ft sticks.   PVC now comes in 20 ft sticks.  So right there the presence of any historical VCP is going to present a much higher “density” of infiltration potential.  




Sources of Infiltration
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Manhole Lid Poor Joint Seal

Rubber boot 
sealing pipe 
penetration

Presenter Notes
Presentation Notes
MHs can also be a significant source of infiltration.  First, you see uncovered MHs in active collection systems more often than you would think. Defects in the MH structure and poorly sealed pipe penetrations can be significant sources.   You can see in this image a rubber boot is being used to seal the pipe penetration into the MH.  That is a fairly new advancement, most older MHs have pipe penetrations sealed with mortar that degrades over time. 




9

Presenter Notes
Presentation Notes
This image shows another way to think about the difference btwn infiltration and inflow.  Inflow has a direct path to the system while infiltration eventually finds its way into the system. 



Poll #1

Which of the following are examples of 
inflow when connected to the sanitary 
sewer system?  
Choose all that apply. 

a. Sump pump
b. Cracked sanitary sewer lateral
c. Drain tile
d. Catch basin
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(Infiltration)

Town of Gilbert, AZ



Inspection & Condition 
Assessment Methods
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Suzane Greeman, Greeman AM Solutions



Flow Monitoring

Set up at key manholes with water level and velocity 
sensors 
Comparison of wet and dry weather flows 
Conducted for a significant amount of time to assess flows 
after a variety of weather events
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Presenter Notes
Presentation Notes
Flow monitoring is a tool that serves dual purposes.   (1) it allows you to quantify the degree to which I&I is impacting your system  and (2) helps define, at a high level, where the I&I is coming from.  Monitoring devices that drop into a manhole are readily available and measure flow volume in real time.   

Note: When walking thru the steps, note that Step 2 (wet/dry weather flows) is what allows for quantification.  



Sewer-sheds
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Sewershed-portion of a collection system with a common piping system

Presenter Notes
Presentation Notes
Defining sewer sheds is a helpful step in determining where I&I is coming from.  Sewer sheds are defined by essentially mapping out where sewer flows in a system.   Operators with institutional knowledge of your system are invaluable here.  Flow meters can be placed such that they monitor the flow leaving each sewer shed.  Comparison of wet weather to dry weather flows for each sewer shed starts to paint the picture of where your I&I is coming from.  
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Presenter Notes
Presentation Notes
Flow data is plotted over time and analysis of the pattern offers information about the system and how I&I is impacting it.  The green area, a short term spike following a rain event, is likely inflow.   The yellow area, which shows increased flows  over a longer period of time, is likely infiltration. 



Evaluate depth of flow and flow velocity in sewer pipes. 
• Increased depth of flow indicates a possible restriction, negative 

slope, or a surcharged condition.  
• Velocity changes can indicate restrictions or need for jetting
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Flow Monitoring

Presenter Notes
Presentation Notes
Other types of flow monitors can inform conditions within specific sewer mains through measurement of flow depth and velocity.



Smoke testing
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Smoke testing
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• Quick & inexpensive way to detect sources of inflow 
and, in some cases, infiltration  

• Not a routine method of inspection.   Used when 
evidence of I&I has previously been detected

• Frequently the only method to investigate unauthorized 
connections to sanitary sewer (yard drains, foundation 
drains, downspouts) 

• Requires coordination with building inspection entity  

• Be sure to notify the Public & Emergency Services prior 
to conducting on any scale

Presenter Notes
Presentation Notes
Note: emphasis public notification.  Start doing so weeks in advance.  Smoke testing can pretty easily make someone think their house in on fire and there is not way to overcommunicate on that issue!!!



1

2

3

1. Use sewer plugs to isolate 
test volume

2. Place smoker on manhole 
with liquid smoke 
chemical

3. View and record results
18

Presenter Notes
Presentation Notes
Here are some images illustrating how smoke testing is conducted. 



 Smoke from rain gutters is a source of inflow.
 Smoke from lawn areas can indicate an uncapped cleanout or broken lateral.

 Smoke from roof vents and through manhole covers is normal

 Smoke along the sewer between manholes can indicate collection main damage.
Smoke from storm sewer indicates a potential cross connection for sanitary sewers 19

Presenter Notes
Presentation Notes
Here is an illustration of smoke testing results.   

Note:  After animations….An issue that commonly comes up is smoke inside the home.  This a sign of inadequate venting of plumbing, if smoke is entering the home than sewer gases aren’t being ventilated out.  



20

Presenter Notes
Presentation Notes
If you see smoke, don’t ignore it!  The premise of smoke testing is that is smoke can escape the collection system, water can enter it.  Reference Ashland case of rat hole. 





Dye Testing
• Diagnose inflow from specific sources (roof drains & 

sump pumps)

• Dyes available are non-toxic & fluorescent to allow 
detection during day/night

  
• No impact to downstream treatment process

• Select color based on system conditions
o Yellow/green for clay tile pipes 
o Red if viewing lagoon or pond 
o Blue when public view is a consideration 

• Be sure to notify the Public, EMS & Public Safey prior 
to conducting on large scale
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Presenter Notes
Presentation Notes
Another commonly used tool is dye testing.   Note: after walking thru bullet pts….Use caution when applying dye to storm sewer due to eventual discharge to surface water.   The public observing dye in surface waters can be caused for concern.  



CCTV Inspection
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Presenter Notes
Presentation Notes
Now we are going to get into what I think is the most important tool for SS evaluations…Closed Circuit Television Inspection.  



Control panel and 
CCTV screen

Self-propelled 
“mud-monster” 
camera carrier

Louisville/Jefferson County MSD
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Truck launches 
camera into sewer

CCTV Inspection

Presenter Notes
Presentation Notes
CCTV inspection relies on a self propelled camera that looks like a remote controlled car entering the sewer mains and gathering video as it travels down the main.  The cameras are deployed into and collected out of manholes.   An important note is that the sewers need to be cleaned before televising.

Most WW utilities use or have used CCTV inspection but there is a lot of variance in how they do it.   Smaller utilities <5,000 generally contract for this, lager utilities, medium sized >5,000 may consider doing it in house.  In Ashland, we had this equipment and would do it in house. Larger utilities are going to tend to do more CCTV work in house although the Madison Metro Sewer Utility (service pop 440,00) contracts for CCTV inspection.  



Root intrusion
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Presenter Notes
Presentation Notes
Here are some example CCTV images so you can see what kind of insights into the sewer main condition that it offers.  Here you can see roots intruding and this would inform where you want to chemically treat the roots or auger them to prevent future sewer backups.  



Grease buildup
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Structural Pipe Failure

Presenter Notes
Presentation Notes
In the image on the left, you can see grease buildup on the bottom of the pipe.  This would inform the need for heavy cleaning of the main with higher pressure and the ability to remove the grease from the system.  Or better yet, conduct some outreach on the need for grease traps.   The image on the right shows a partially collapsed pipe showing the need for a repair before the pipe fails.  
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I&I Source Identification

Presenter Notes
Presentation Notes
Sometimes during CCTV inspection, you can actually identify I&I sources.  This is especially true if the CCTV work is occurring after a rain event or during spring snow melt.  




CCTV inspection 
results example

The distance into the main is 
recorded (Pos = position)

RJ = Roots at joint

OJL = Open joint large
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Presenter Notes
Presentation Notes
During a CCTV inspection, you will want the operator to generate an inspection report to reference later.   Here is an example and key pieces of information are location in the main, defect code, and images of main.  We’ll talk a little bit more about generating these reports later.




Poll #2

Staff at your Wastewater Utility suspects a large industrial facility of 
contributing significant inflow to your system based on observations during 
wet weather events.   The facility is willing to cooperate in assessing but 
denies any direct connections of stormwater facilities to the sewer system. 

What method would you select to investigate?

a. Dye testing
b. CCTV
c. Smoke Testing
d. Flow Monitoring
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SANITARY SEWER 
DATA COLLECTION

Presenter Notes
Presentation Notes
We are going to shift gears into discussing how the data from sanitary sewer inspections can be used to analyze some specifics of your system. 



• Base Wastewater Flow is wastewater from households, based on metered water flow to 
indoor plumbing.  Estimated.  Typ. 100 gpd per person.  Excludes I&I. 

• Average Daily Dry Weather Flow: Average flow of wastewater during dry weather.  Flow 
measured at the treatment plant.  Includes groundwater infiltration.

• Average Daily Wet Weather Flow: Average flow of wastewater flow following wet 
weather. Flow measured at the treatment plant.  Includes infiltration and inflow (I&I).

 Groundwater infiltration  = Average Daily Dry Weather Flow – Base Wastewater Flow

 
       Inflow = Average Wet Weather Flow – Average Daily Dry Weather Flow
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Flow Monitoring

Presenter Notes
Presentation Notes
The data from flow monitoring is pretty powerful for benchmarking based on system flows.  This requires some data processing and calculation but its pretty straight forward. 

Note: walk thru base flow, ADDWF, ADWWF   



Smoke & Dye Testing
• Difficult to replicate tests, important to document as they are performed 

• Document via photos of smoke/dye observations 
  
• Use report to document other info such as location, date of testing 
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Presenter Notes
Presentation Notes
In terms of data for smoke & dye testing, the biggest thing is to documentation through reports.  You want to document smoke & dye testing while it is happening b/c it is difficult to them and there is always a sense of disbelief/denial when cross connections are found.  So you want to take a lot of notes and pictures while doing smoke & dye testing and fed into reports.  
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Presenter Notes
Presentation Notes
Here is an example report form a smoke test inspection in Ashland that I got permission to show. 



Pipe Condition Ratings
• Industry standard created by National Assoc. of Sewer Service 

Companies  

• Pipeline Assessment Certification Program (PACP) 

• Critical to use for “apples to apples” condition assessment 

• Structural, Operational & Maintenance, Overall Ratings  
Component 
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Presenter Notes
Presentation Notes
For CCTV inspection, to me the most important data collected is the pipe’s condition rating.  Gathering a pipe condition rating requires some operator training.  The National Association of Sewer Service Companies (NASSCO) offers certification for CCTV inspection that ensures an “apples to apples” comparison of sewer mains.   The ratings are provided from a structural, operational, and maintenance perspective, then combined into an overall rating.  



Pipe Condition Ratings
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Presenter Notes
Presentation Notes
Here is a look at how you would use the structural and operational grades.  Structural ratings are what you want to use for CIP planning and long-term projections.  A system with a lot of very poor pipes or very poor pipes in critical locations should consider short term CIP priorities.  A system with a lot of poor or fair pipes should project rehab/replace needs in the medium to long term future and communicate that to decision makers.  

O&M grades should be used to inform jetting and other maintenance activities, such as grease reduction or root control.   If a system is limited in staff time to perform jetting, the O&M ratings offer an objective way to prioritize resources.  This can get even more detailed to inform the need for routine vs heavy cleaning. 



35

Very Poor 

Poor

Fair

Good 

Very Good

Presenter Notes
Presentation Notes
A nice feature of the NASSCO ratings is they can be overlaid over system maps via GIS.  GIS software can also link inspection reports to individual pipe segments to recall as needed such as during an investigation into the cause of a backup or to locate a lateral.

  Another benefit of graphical display of pipe condition ratings is the ability to overlay with other types of infrastructure.  For example, this pipe is somewhere in btwn poor and fair condition but its located under a US highway, making it a high priority for rehab.   Here is a long run of pipes in poor to very poor condition, which presents a high risk for sewer backups, meaning its another priority for replacement. 



Benchmarking Sanitary Sewer Collection Systems
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Presenter Notes
Presentation Notes
At a more high level, we can use the data from sanitary sewer evaluations to benchmark aspects of the system.  For example, in Ashland we used some benchmarking to support a decision that needed to be made in terms of continuing to prioritize capital dollars for collection system improvements or some work needed on our wastewater treatment plant. 



I&I Rate
• I&I is measured in terms of gallons per day per inch diameter mile of pipe.  

• GPD/IDM = Gallons per day
                      Inch-diam pipe x miles of pipe 

• Gallons per day is the Average Daily Wet Weather Flow over a 24-hour period at 
a point in the system. 

• Inch-diameter mile represents the size of the sewer system upstream of the 
study point. It is calculated by multiplying the diameter of a sewer pipe by the 
number of miles of that pipe size. 

• This allows I&I rates to be assessed per collection system size.

• Over 1,500 GPD/IDM is considered excessive I&I requiring some type of 
corrective action. This is a general benchmark. 
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Presenter Notes
Presentation Notes
This is a funny unit but gallons per day per inch diameter of pipe is a benchmark that can be adjusted to the specific size and characteristics of your system.  

Note: begin walking thru animation bullet points.  



I&I Rate
• A simple approach to benchmarking I&I rate involves comparison 

of  Base Wastewater Flow to Average Daily Wet Weather Flow.

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝑊𝑊𝑊𝑊 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

= 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

• Because some level of I&I is expected, the Peak Flow Factor 
should not exceed 4.0.  

• A Peak Flow Factor greater than 4.0 indicates excessive I&I 
requiring some type of corrective action. This is a general 
benchmark. 

• A Peak Flow Factor of 4.0 is generally used in design of lift 
stations and wastewater treatment plants.  
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Presenter Notes
Presentation Notes
This is an approach that I like b/c it requires less math and is more easily communicated to rate payers and decision makers.  We just calculate the magnitude by which flows increase in response to wet weather to gauge the impact of I&I.  



Collection System Performance

SSOs: Both number & volume of overflow events are fundamental metrics.  Both measure 
impact of I&I on the system.  

Lift Station Failures: total number per year.  Indicator of system reliability

Sewage Back Ups: total number per 100 miles of sewer.  Allows for comparing 
performance across different systems, considering variations in size.  Indicator of level of 
maintenance being performed & level of service provided to customers.
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Presenter Notes
Presentation Notes
Some other useful benchmarks that are out there are SSOs, both # of occurrences and volume of wastewater overflow.   Backups per 100 miles of sewer main, this is a critical BM b/c it reflects how system performance is impacting customers.   Lift station failures are an indication of how resilient your system is, how effectively you can maintain service during adverse weather conditions.  



Poll #3

    a) Infiltration is excessive
    b) Inflow is excessive
    c) It shows a normal, expected condition
    d) The base wastewater flow is too low.

40

You divide the average daily wet-weather flow by the base 
wastewater flow, yielding 3.0. What does this mean?

Presenter Notes
Presentation Notes
Our final poll question



Sanitary Sewer Evaluation Surveys (SSES) 
Main Takeaways

02

Infiltration & Inflow (I&I)

01
03

System Condition

Inflow is generally due to 
unauthorized connections 
to the system.  Infiltration 
is generally due to defects 
in the system.

Flow monitoring, smoke 
testing, dye testing and 
CCTV inspection are the 
main tools to evaluate 
sanitary sewer systems.

System Benchmarking
Data collected from a 
SSES can support 
benchmarking, which is an 
important tool for 
communication and 
advocacy. 

Presenter Notes
Presentation Notes
And to wrap up here, I want to leave you all with three key points.  






Thank you for attending!

Great Lakes Environmental Infrastructure Center
https://gleic.org/

John Butler, P.E. | jcbutler@mtu.edu

National EFC Network 
www.efcnetwork.org

https://gleic.org/
http://www.efcnetwork.org/
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