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• Large, system-wide sewer system rehabilitation 
programs can take years to move from planning 
projects (inspection and condition assessment) to 
actual design contracts.  

• Because of lengthy process and dynamic nature of 
infrastructure asset deterioration, the design engineer 
is often faced with decisions as to what previous 
inspection data can be used for the design, and what 
additional inspection is needed to complete the design.  

• By recognizing these challenges early on, there are 
approaches to design that make the most efficient use 
of time and budget on these large-scale projects.   

Introduction
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• ~ 61 
municipalities 
served

• ~ 1 million 
customers

• 1995-2001: 
comprehensive 
inspection and 
condition 
assessment 
program

• ~ 1.2 million 
feet of sewer

NEORSD Background
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Presenter
Presentation Notes
NEORSD is responsible for the wastewater conveyance and treatment for 61 municipalities in the Greater Cleveland Metropolitan area
From 1995-2001, the District conducted a comprehensive interceptor inspection and condition assessment program incorporating every interceptor and dry weather outlet in the three District combined sewer service areas totaling approximately 1.2 million feet of sewer.
Following this work, the District conducted a series of interceptor rehabilitation design projects based on their findings.




Background
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Rehabilitation Divided into 4 Contract Types

Spot Repairs Structural Rehabilitation/Replacement

Sewer Cleaning Manhole Rehabilitation

Project Project Type
Total No. 

Reaches / 
Manholes

Total 
Footage

Engineer’s 
Estimate of Cost

Bid Date  -
Construction

Date
Easterly District Interceptors Service 
Agreement Contract (EDISAC) Spot Repairs 153 56,756 $ 2,300,000 2003 – 2005
Easterly District Interceptors Hydraulic 
Improvement Contract (EDIHIC) Cleaning 276 69,200 $ 4,713,000 2004 – 2005

Easterly District Interceptors Reline and 
Replace Contract (EDIRARC)

Lining/
Replacement 56 14,997 $15,640,000 2005 – 2007

Southerly Westerly District Interceptors 
Hydraulic Improvement Contract 
(SWDIHIC) Cleaning 94 29,700 $ 2,750,000 2006 – 2007

Southerly Westerly District Interceptors 
Reline and Replace Contract (SWDIRARC)

Lining/
Replacement 56 11,400 $13,765,000 2006 - 2008

Southerly Westerly District Interceptors 
Service Agreement Contract (SWDISAC) Spot Repairs 207 49,669 $3,935,000

2010 – 2011 
(est.)

Manhole Rehabilitation Contract (MR-10)
Manhole 
Repairs 186 N/A $1,727,900 2007 - 2009

Total 1,028 231,722 $44,830,900 2003 - 2011

Presenter
Presentation Notes
The inspection and evaluation program identified pipes and manholes needing rehabilitation.  Due to project packaging (by work type and service area), and incorporating rehabilitation projects into a crowded capital improvement plan, the timing of the rehabilitation work stretched over a number of years.  

By the time some of the design projects were initiated, the original inspection data was up to 12 years old.  All sewer reaches identified for lining or replacement were re-inspected as part of the design contract to ensure that design is based on current information.  However, the lining and replacement only accounted for approximately 112 reaches.  

There were more than 980 sites identified for cleaning, spot repairs, or manhole rehabilitation.  Because it was not practical or cost effective to re-inspect all of these reaches or manholes, much or, in some cases, all of the data included in the construction documents had to be based on the historic information for condition, location, access, and rehabilitation recommendations.  Due to the inherent changing nature of this information, the challenge faced was how to effectively verify the design data and reduce potential contract change orders. 



• To determine what new information is critical to the design 
of a specific type of rehabilitation, the first step is to 
determine what information is most useful and what 
information can be reasonably assumed or based solely on 
historical data.

• Each type of rehabilitation contract requires varying types 
and levels of accuracy of information.  Therefore, each 
contract type is evaluated separately.  

• The timing of the 7 construction contracts generated from 
the NEORSD Interceptor Rehabilitation Project was such 
that in some cases the second rehabilitation contract of 
any type was typically not bid until a significant portion of 
the first contract’s construction was completed.  

Determine what is important
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Presenter
Presentation Notes
For example, design of the second relining contract was not put out to bid until the first relining contract was over a year into construction.  This provided an opportunity to revise and improve the design level data collection efforts for the subsequent projects to focus on the truly critical information.




• Original inspections 
• 3 separate inspection 

contracts
• 6 years 
• 9 different inspection 

contractors
• 12 years old

• Rehabilitation 
recommendations 
• Provided planning 

level detail for pipes 
and manholes 
needing repair

• Divided into: cleaning, 
spot repairs, lining, or 
replacement

Interpret and Incorporate Historical Data
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• Sewers are dynamic environments 
where defect severity can increase 
unexpectedly over time. 

• Repair quantities can be computed 
using inspection defect quantities but 
there are issues to consider.

• Original inspection data does not 
necessarily provide all the information 
needed for detailed design. 

Interpret and Incorporate Historical Data
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Because of the large gap in time from inspection to design, plus the varying 
quality of previous inspections, several points must be considered when 
deciding what data is used in rehabilitation design:

Presenter
Presentation Notes
dynamic environments where defect severity can increase unexpectedly over time.  For example, many of the sewers in the NEORSD’s rehabilitation contracts are brick sewers originally constructed in the late 1800’s to the 1930’s.  Over time, these sewers have performed well but some have experienced mortar deterioration, loss of bricks and in some case have developed holes.  To compound the problem, many of these pipes are located in areas with sandy soils.  

Repair quantities can be computed using inspection defect quantities but there are several issues to consider.  Debris volumes, for example, can easily be computed using the estimated depths (expressed as range of percentage of cross-sectional area of the pipe per PACP standards) over the reported length of defect.  However, these are generally visual estimates that are prone to inaccuracy and care must be taken to properly interpret the inspection data.  

Original inspection data does not necessarily provide all the information needed for detailed design.  A typical pipe inspection will note the pipe height and width at the beginning of the inspection reach and provide visible estimates of deformation and changes in alignment between manholes.  



• One important 
advantage of 
collecting new 
inspection data 
during 
rehabilitation 
design is ability to 
compare past 
defect data to 
newly collected 
information

• Evaluate the rate 
of deterioration of 
certain defects. 

Interpret and Incorporate Historical Data
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East Wall 2006

West Wall 2006West Wall 1997

East Wall 1997

Presenter
Presentation Notes
For example, fractures in a brick sewer noted during the original inspection event may result in recommendation for full sewer lining.  However, if that defect is revisited during design and found to have not deteriorated since the original inspection, the designing engineers may be able to make the determination that the sewer is in an apparent stable condition and not in need of immediate lining and perhaps perform spot repairs thereby deferring the lining until necessary.  Estimating the rate of deterioration of defects allows for applying the correct rehabilitation technology at the right time, thus maximizing the remaining useful life of sewer assets.



• 112 sewer reaches were identified as 
requiring complete structural 
rehabilitation or replacement and were 
broken into two separate construction 
contracts by area (EDIRARC and 
SWDIRARC).  

• Relining contract for the NEORSD 
Easterly District (EDIRARC) was 
completed first and was comprised of 
approximately 15,000 lineal feet of 
lining in sewers ranging from 12 inches 
to 120 inches in diameter.  

• Second relining contract for NEORSD 
Southerly and Westerly District systems 
(SWDIRARC) and was bid approximately 
1-year into construction of EDIRARC.  
SWDIRARC was comprised of 
approximately 11,000 lineal feet of 
lining in sewers ranging from 8 inches 
to 141 inches in diameter. 

Relining and Replacement Contracts
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Project Highlights

112 reaches
2 separate contracts

EDIRARC
15,000 LF

12-in to 120-in diameter
SWDIRARC
1 year later
11,000 LF

8-in to 141-in diameter



• The amount of field information required for a successful sewer lining project is the 
most extensive and the accuracy of the data is the most critical. 

• The relining and replacement contracts made up ~71% of the overall rehabilitation 
construction costs, but accounted for only ~11% of the overall rehabilitation footage.  

• The amount of re-inspection was relatively small in the overall Interceptor 
Rehabilitation Project but considered to be well worth the cost. 

Relining and Replacement Contracts
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43%

46%

11%

Cleaning

Spot Repairs

Lining/Replacement

12%

17%

71%

Project Types by Total Footage Project Types by Construction Cost

Presenter
Presentation Notes
Of the four rehabilitation types included in the NEORSD project, the amount of field information required for a successful sewer lining project is the most extensive and the accuracy of the data is the most critical.  It was important to collect as much field information as possible during the designs so that the selected rehabilitation methods were appropriately matched and the contractors were provided with the information needed to determine their installation methods. 
 
The CCTV inspection data from the original inspection and condition assessment project was 5 to 10 years old at the time of the EDIRARC and SWDIRARC design.  In many cases it also lacked some important data required to prepare an accurate design and provide bidders with sufficient information to accurately bid the work.  As a result, all the sewer reaches in both EDIRARC and SWDIRARC were re-inspected via CCTV during design.  The relining and replacement contracts made up approximately 71 percent of the overall rehabilitation construction costs however they only accounted for just over 11 percent of the overall rehabilitation footage.  So the amount of re-inspection was relatively small in the scheme of the overall Interceptor Rehabilitation Project and considered to be well worth the cost.  



• Full re-inspection of all 
pipe reaches

• Gather the critical 
data
• Changes in Pipe Size
• Changes in Pipe 

Configuration

• Not included in typical 
PACP inspection, but 
is easy and cost-
effective for crews to 
gather

Relining and Replacement Contracts
Design Approach – Pipe Inspections
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Presenter
Presentation Notes
Many of the sewers in the project were large diameter and walk-through video inspections were performed.  Because fluctuations in the size and shape of brick sewers are extremely common and can have a significant impact on the liner design and feasibility of lining methods, it is critical to identify any such locations during design.  

Additionally, this is information that is not included in a typical PACP sewer inspection where changes in cross section are only reported as a visual estimate of the percentage deformed.  Inspection crews, which are already entering the sewer as part of the man-entry inspections, can collect accurate, manual measurements at specified locations for very little additional cost.  

This information is extremely valuable, especially when designing a liner for brick and/or egg-shaped sewers.  Varying pipe dimensions discovered during construction can result in a significant change orders if it negatively impacts the contractor’s intended installation methods.   




• Where the contractor is using existing manholes to 
perform the lining work, the size and configuration of 
the structure is critical.

Relining and Replacement Contracts
Design Approach – Manhole Inspections
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Presenter
Presentation Notes
Like the sewers, a vast majority of the manholes in the project were also brick and therefore subject to the same fluctuations in size and shape.  Because lining contractors typically use existing manholes for liner insertion, bypass pumping or other mobilization of equipment, the location and size of access to the sewers is a vital piece of information that can prevent costly change orders.  

On recent rehabilitation design projects, sewer inspection contractors have provided detailed manhole measurements for $150 to $250 per manhole, proving to be an extremely efficient use of design dollars.  At every change in cross-section size of the manhole; crews documented the depth, size, and shape of the manhole; size and shape of the access opening; size and shape of any baffles or other obstructions; and all pipe connections and pipe sizes.  The measurements also provided exact depth measurements of each manhole. 

Recent scanning technologies can provide point clouds throughout the depth of manholes to provide extremely accurate representations the manhole internal configuration.  




• Characterize debris:  
• Identify location and 

size of solid debris 
such as mineral 
deposits, construction 
material (concrete), 
and hardened material

• Identify if any 
hazardous debris exists

• Because all 7 
rehabilitation 
contracts would 
include some degree 
of sewer cleaning, a 
debris sampling and 
laboratory analysis 
effort was developed 
for the entire 
rehabilitation area. 

Relining and Replacement Contracts
Design Approach – Debris Information
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Presenter
Presentation Notes
Collecting information on the amount, type and characteristics of the grit and debris is important for all types of sewer rehabilitation work.  Although estimating the volume of debris had a much greater impact on the overall cost of the cleaning contracts, the lining and spot repair contracts can be impacted greatly by the type and characteristics of the debris.  

Another critical issue is identifying the characteristics of sewer debris which is often overlooked. If hazardous materials are identified during design, the limits can be investigated and defined.  If not, and they are discovered during construction, it can result in very costly change orders. 

Because all of the seven rehabilitation contracts would include some degree of sewer cleaning, a debris sampling and laboratory analysis effort was developed for the entire rehabilitation area. 




• Manhole measurements are important not just for where liners 
are inserted, but access for other contractor activities, such as 
bypass pumping, are just as critical

• Even small changes in pipe size, alignment and grade can affect 
the ability to install a liner

Relining and Replacement Contracts 
Lessons Learned
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Presenter
Presentation Notes
During construction there were a few change orders related to access limitations at other manholes used for bypass pumping or other work at intermediate manholes along a lining run.  For the second relining contract (SWDIRARC), manhole measurements were taken at all manholes within a project sewer reach.  As a result, there were no change orders related to manhole size or configuration on SWDIRARC.  As discussed, the additional cost of collecting manhole measurements at all the SWDIRARC manholes (approximately 90 manholes) was nominal.
 
The accuracy of the pipe dimensions was also an issue during EDIRARC.  For EDIRARC, pipe dimension measurements were taken at the start of the inspection and any visual deviations from that dimension were documented as an estimated percentage deformed in accordance with PACP standards.  Where pipe dimensions varied from those presented in the inspections and affected the contractor’s methods for liner installation it resulted in a change order.  Another issue was apparently slight pipe curves and horizontal grade changes.  Depending on the lining method and installation techniques those alignment changes can impact the ability to install the liner.  
 
In SWDIRARC, pipe dimensions were taken at all size changes as part of all man-entry sewer inspections of brick sewers.  Since all project pipes were being inspected, the additional cost of gathering this data was minimal.  There were no additional costs during the construction of SWDIRARC related to pipe dimension issues. In addition, internal surveys were performed where alignment changes were observed during the design phase inspection.



• Approximately 104,000 feet of sewer at 
360 sites make up the two spot repair 
contracts (EDISAC and SWDISAC).  
EDISAC construction was completed in 
2005 and SWDISAC is projected to be 
completed in 2011.

• Open cut repair of the sewer was 
anticipated for only a small percentage 
of the 360 sites.

• A majority of the spot defects identified 
were in large diameter sewers and 
required trenchless, internal 
repairs (missing brick repairs, grouting 
fractures, missing mortar repairs, etc.).  
It was in these large-diameter, internal 
spot repair sites that the greatest 
potential for costly change orders were 
found and were, therefore, the focus of 
the field data collection efforts. 

• Little design budget for re-inspection

Spot Repair Contracts
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Project Highlights

~ 104,000 LF
360 sites

2 spot repair contracts
2005, 2011

Few open cut sites

Majority defects in large-
diameter sewers

Presenter
Presentation Notes
Although the original inspection of these project sites was 5 to 15 years old at the time of bid, there was little to no design budget available for re-inspection of the spot repair sites.  As a result, EDISAC was based entirely on the original inspection data.  SWDISAC did include a small amount re-inspection (only 2.5 percent of the overall project sewer length) but those inspections did not identify significant additional deterioration in the four sewer reaches selected.
 
Do to the nature of spot repair work, exact measurements and inspections of the pipes and manholes are less critical than for a sewer relining/replacement project.  Access for the internal spot repair work typically requires only standard manhole access and minor fluctuations in pipe cross section don’t typically have an impact on the ability to perform man-entry spot repairs.  Despite that fact, large-scale spot repair contracts can be one of the most difficult to avoid differing site condition claims.  This is directly related to the accuracy of available information.



Spot Repair Contracts
Design Approach – Repair Extents 
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Key Issues

Actual extent of repairs

Unknown repairs

Deterioration beyond 
spot repairs

Debris classification

Presenter
Presentation Notes
Actual extent of repairs – With dated information on pipe condition, the actual extent of repairs are unknown.  Without current information, the bid documents will either need to reflect the condition of the pipe at the time of inspection or assume some amount of further deterioration.
Unknown repairs – During the original inspections the sewers were not bypass pumped and dewatered.  As a result, the invert of the pipe was not always visible.  
Deterioration beyond spot repairs – The purpose of performing a spot repair in a sewer is to address a minor defect with a relatively inexpensive, non-structural repair to prevent further deterioration and avoid much higher lining or replacement costs in the future.  The rate at which a pipe deteriorates is highly variable and hard to predict.  Therefore, some of the sewers with minor defects at the time of the initial inspection may have progressed beyond the point of a spot repair.  
Debris classification – same issues as described in the relining section above




A methodical approach was developed for selecting spot 
repair sites for re-inspection, based on a combination of 
the following :

• Criticality analysis – Focus on most 
critical sites

• Proximity to lining sites – Sewers 
adjacent to lining sites may also 
need to be lined

• Defects – Certain defects are more 
likely to progress where spot repairs 
are no longer feasible

• Wherever possible, flow control or 
bypass pumping should be 
performed during CCTV inspections 
(at least in brick sewers) to avoid 
surprises in pipe invert

Spot Repair Contracts
Lessons Learned
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Presenter
Presentation Notes
Determining the amount and location of re-inspection is a question of balancing the cost of collecting additional information with the risk of bidding the work based on old data and assumptions.  Budgets for re-inspection can be limited to include anywhere from 5 percent to 10 percent of the spot repair sites.  Therefore, the selection process needs to be both simple and well thought out.  If the amount of re-inspection is limited, the focus should be on choosing the location and type of information collected as wisely as possible.  Sewer deterioration can be variable and typically defects throughout a system are the result of many different factors.  Unless the system is known to have one overriding, consistent cause of deterioration (aggressive internal corrosion throughout the system for example), selecting a small “random” sampling of sewers to get a sense of the condition or rate of deterioration throughout the entire system has extremely limited benefits.

a methodical approach was developed for selecting spot repair sites for re-inspection.  It is based on a combination of the following selection criteria:

Criticality analysis – A standard criticality model is based on the determination of both the likelihood of failure and the consequence of failure.  Since the NEORSD inspection data is compiled into a comprehensive database, the analysis can be done relatively easily. 
Proximity to lining sites – Many of the spot repair sites in the project were also adjacent to sites in the lining and replacement projects.  Because these sewers are of identical construction and site conditions compared to the adjacent lining sites, it is likely that these sewers will deteriorate similarly and may also be in need of lining or replacement.   

Defects – One of the purposes of re-inspection is to identify any sites that can no longer be addressed by spot repair.  If identified during design, this site could be easily moved into the corresponding lining contract.  The sites with defects that are the most likely to progress to the point that the pipe will need structural lining were identified.  For example, sewer reaches with isolated areas of missing bricks or holes were originally identified for spot repairs.  These defects over time, however, may progress to a more severe deformed or collapsed condition where spot repairs are no longer possible.

Wherever possible, flow control or bypass pumping should be performed during CCTV inspections (at least in brick sewers) to avoid surprises in the pipe invert.




• A total of 370 sites or 98,900 feet of 
sewer were included in the two 
NEORSD interceptor cleaning 
contracts (EDIHIC and SWDIHIC).  
EDIHIC was bid in 2004 and 
completed in 2005.  SWDIHIC was 
bid in 2006 and completed in 2007.

• Like the spot repair contract, little or 
no additional CCTV inspections were 
performed during design of either 
contract.  

• A debris sampling program was 
developed and wherever a sample 
was taken, debris depth 
measurements were also taken.  
This information was used to confirm 
debris depth estimates based on the 
original inspections.

Cleaning Contracts
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Project Highlights

98,000 LF
370 sites

2 cleaning contracts
2005, 2007

Little additional 
inspections performed 

for design

Debris sampling program



Cleaning Contracts
Design Approach – Debris Characterization
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Key Issues

Debris Quantities

Debris Type

Debris Characteristics

Sewer Access

Presenter
Presentation Notes
Like the spot repair work, cleaning does not necessarily require detailed information of minor changes in pipe or manhole size.  The key information to be collected as part of cleaning contracts include:

Debris Quantities - The greatest challenge and biggest influence on overall project cost are providing accurate debris quantities.  The impact of inaccurate quantities varies depending on the means of measurement and payment.
Debris type – removal of solid debris requires different methods and additional effort compared to grit removal.  The most typical form of solid debris is mineral deposits which develop slowly, so the older inspection should provide a reasonable indication of the location and amount.  The exception to this rule is for construction debris (concrete) which is hard to identify visually and can appear at any time after inspection.
Debris characteristics – same as described above for lining contracts
Sewer access – Cleaning operations are more efficient, and therefore cost less, when sufficient access is available.  Failure to identify potential access issues or provide for additional access where necessary can impact construction costs either by inflating bid prices or as change orders during construction.




• Inaccuracies of estimated debris in the inspections
• Unforeseen conditions
• Estimated quantity of hard debris

Cleaning Contracts
Lessons Learned
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Presenter
Presentation Notes
Inaccuracies of estimated debris in the inspections - Since this is normally the only information available and is the basis for quantity estimates, any inaccuracies would also be reflected in the quantity calculations.  The debris amount is documented in a CCTV inspection as a visual estimate of percent debris.  The margin of error inherent in visual estimation is compounded by the overall volume of work included in a system-wide cleaning contract.

Unforeseen conditions - In SWDIHIC, two sites were responsible for a majority of the excess debris quantity.  One site had developed holes in the sewer since the last inspection and the surrounding sandy soil had washed into the sewer.  Another site had significant additional debris deposition suspected to be the result of a malfunctioning hydrobrake.  These situations are very difficult to predict.

Estimated quantity of hard debris – CCTV inspections identify the percent of debris (both deposits and silt).  Debris quantities need to account for the amount of debris (especially hard deposits) that will remain in the sewer.  Most specifications require cleaning up to a specified percentage of debris.  For example, a pipe reach may have 5 percent mineral deposits continuous over the entire reach.  Although this results in a specific volume of debris, if the contract requires removal up to 97 percent pipe diameter the entire 5 percent would not necessarily be removed

It would be very difficult to anticipate where a defect may result in additional debris so the approach to field data collection should focus on collecting as much accurate information as possible.  Debris measurements should be used to verify debris depths as well to identify hard deposits which can be difficult to identify visually.  Locations for debris measurements should focus on sites that will likely have the greatest impact on the overall debris quantity of a project.  These are sites identified with excessive debris in previous inspections and large diameter sites, as they have the greater potential volume of debris.




Manhole Rehabilitation Contract
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Project Highlights

186 manholes

1 manhole contract
(MR-10)

2007 - 2009
Rehabilitation:

• Manhole lining
• Raising manholes to grade
• Partial reconstruction
• Complete reconstruction

Presenter
Presentation Notes
A single manhole rehabilitation contract (MR-10) was used to address all the manhole defects in the Easterly, Southerly and Westerly service areas.  A total of 186 manholes were included in the contract.  The rehabilitation work included manhole lining, raising manholes to grade, or complete reconstruction of a portion or the entire manhole.

the most common work items in the contract were raising manholes to grade and installing cementitious liners.

minimal advantage to gathering additional detailed information on the manhole defects.

The advantage of conducting inspections of all the manholes identified with minor repairs was considered minimal.

As a result very little additional field information was gathered for the MR-10 project beyond the original inspection data collected up to 12 years earlier.  Information from the original inspection provided the basis for the contract documents and the comprehensive NEORSD GIS mapping was used to convey the manhole locations. 




• Common work items 
included 
• Raising manholes to 

grade 
• Installing cementitious 

liners

• Minimal advantage to 
gathering additional 
detailed information 
on manhole defects

Manhole Rehabilitation Contract
Design Approach
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Presenter
Presentation Notes
A single manhole rehabilitation contract (MR-10) was used to address all the manhole defects in the Easterly, Southerly and Westerly service areas.  A total of 186 manholes were included in the contract.  The rehabilitation work included manhole lining, raising manholes to grade, or complete reconstruction of a portion or the entire manhole.

the most common work items in the contract were raising manholes to grade and installing cementitious liners.

minimal advantage to gathering additional detailed information on the manhole defects.

The advantage of conducting inspections of all the manholes identified with minor repairs was considered minimal.

As a result very little additional field information was gathered for the MR-10 project beyond the original inspection data collected up to 12 years earlier.  Information from the original inspection provided the basis for the contract documents and the comprehensive NEORSD GIS mapping was used to convey the manhole locations. 




• Construction drawings showed GIS 
mapping of project MHs

• Most common issue during construction 
was with mapping and access

• In some cases the repair work identified 
for the project was found to have been 
completed

• Quick site visits can prevent these issues

Manhole Rehabilitation
Lessons Learned
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Presenter
Presentation Notes
The MR-10 contract was completed in 2009 and, for the most part, construction was completed without any major issues.  However there were some minor data related issues encountered during construction that can be addressed with minimal data collection effort during the design phase of future projects.
 
The most common issue encountered was related to the physical location of the manholes and their accessibility.  The NEORSD GIS is based on a combination of surveyed locations, record drawings, and other historical information.  Although the majority of manhole locations are accurate, where manholes were not shown accurately it caused additional effort and delay to the contractor.  The NEORSD interceptor system and adjacent local sewer systems are very complex in areas and in some cases it was difficult for the contractor to even identify the correct manhole.  
 
Manhole locations that misrepresent the accessibility can also result in additional construction delay and cost.  For example, a manhole shown in an easily accessible location that is actually located within a busy street, in an easement, or on private property will add delay and cost to construction.
 
In some cases the repair work identified for the project was found to have been completed already.  For example, buried manholes were raised to grade by others, some manholes that were accessible during the initial inspection had subsequently been paved over, or cracked frames were already replaced by maintenance crews over the years.  Although that work was simply non-performed and removed from the MR-10 contract, there is still a cost associated with having the contractor investigate the site.  This also complicated the previous issue regarding locating manholes in a busy area.  It is difficult to find a contract manhole that requires repairs to the bench located in a busy intersection amongst a dozen manholes, especially when more than one of the manholes in the intersection appears to need bench repairs.
 
As anticipated, the lack of more recent information identifying the severity or location of minor defects had little or no negative impact on the success of the construction contract.  However, a quick site visit of each manhole during design would have addressed most of the issues encountered during the MR-10 contract.  The site visit would only require verifying the location/accessibility of the manhole and a general confirmation of the condition.  This could be done without entering any of the manholes.  Sites that are not accessible or have difficult access could be identified and addressed in the contract documents (rather than during construction via a change order), sites that have been addressed could be removed from the contract, and any additional small repairs required could be identified and included in the contract.



• The next round of rehabilitation, on the NEORSD’s 
combined sewer overflow pipes, provides the opportunity to 
apply lessons learned and improve the design process

• The CSO system was also inspected as part of the system-
wide inspection conducted from 1995 through 2001 which 
means that the inspections being used as a basis for 
rehabilitation design are up to 15 years old

Next Phase
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• One of the key outcomes of the program is realizing the 
need to streamline the inspection and rehabilitation 
process thereby reducing the time delay between 
inspection and rehabilitation.  

• Closing the time gap will help to improve confidence in 
the accuracy of the data available during design, 
however, some of the same issues will still have to be 
addressed by design phase field investigations. 

• Budgets for additional field investigation during design 
will still have to managed and utilized as efficiently as 
possible.

• Focus must remain on the most critical information 
required by contract type.

Conclusion
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Questions
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