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PROJECT DESCRIPTION

A.  Description of Existing Conditions
The Township of O’Hara (Township) has eleven small sub areas tributary to sanitary sewer overflows.  The Township has been aggressive in eliminating excess infiltration in inflow.  In 1997 and 1998, many of the sub areas underwent an extensive sewer grouting program.  All sewers were televised and each joint was tested.  If the joint failed the air test, it was grouted.  In addition, flow monitoring was conducted in each of these areas since July of 1997, and infiltration isolation testing was conducted in March of 1999.  The results of this grouting program indicate that some extraneous flows continue to enter the system during wet weather events.

A review of the infiltration isolation testing and flow monitoring data indicates that flows were higher in sub areas 3 and 9.  The infiltration isolation testing prioritized areas for further investigative and corrective efforts.  It must be noted that eight of the ten highest priority sections were contained in either sub area 3 or sub area 9.  Sub area 3 contains three sanitary sewer overflows.  These overflows are located in the Township and are the sole responsibility of the Township.  In 1998 and 1999, the Township’s grouting program has included this sub area.  Flow data has been collected and has confirmed the reduction of flow in these areas immediately after the grouting program.  However, the Township is striving to eliminate the SSOs in this sub area entirely.  As such, two of the three overflows have been sealed.  As the grouting program has already reduced the flows in this area significantly, the Township is hopeful that the remaining SSO may be sealed after the proposed manhole rehabilitation project is completed and evaluated.

Sub area 9 of the Township is tributary to the sewers of the Borough of Fox Chapel.  These sewers are tributary to SSOs that are not the sole responsibility of the Township.  However, infiltration isolation testing was conducted in march of 1999.  Four sections of sewer in this sub area were identified as having infiltration rates larger that 9,000 gallons per inch-mile day (GPIMD).  As grouting has already been performed in this area, a review of the flow data for January and February of 1999 was conducted.  It is apparent that the theoretical peak daily flow of 250 gallons per capita per day (gped) is exceeded during wet weather conditions.

Manhole inspections were conducted in March of 1999 for all of the manholes in areas 3 and 9.  The results were tabulated and are attached as Appendix A.  It must be noted that some of the manholes with infiltration were recorded as having extremely low flow rates.  As a result, only structures identified as having a cost of less than or equal to $2.50 per gallon of infiltration removed were included in the project.  Many of the structures were estimated to have less than 10 gallons per day of infiltration.

Flow monitoring data for each of the two areas has been collected and analyzed.  Appendix B includes a graphical representation of the data collected from mid-January through February of 1999 for area 3.  The dry weather hydrograph for the area (assembled from August of 1998) has been superimposed on the data collected during the early portion of 1999.  It is apparent that the system is influenced by wet weather.  Sustained infiltration trends were observed in this analysis.  Additionally, the system also has a number of rather sharp peaks, indicating that inflow is also contributing to the sanitary sewer system.  

As the system was previously grouted, the only remaining sources of extraneous water to the system are from manholes and the private sector.  This project will enable the Township to determine the effectiveness of manhole rehabilitation on a sewershed.  Further, once this project is completed, the only remaining source of flow will be from the private sector.  This will allow the Township to determine exactly how much of the flow is attributable to the private sector.  The population in this sewershed is estimated to be 1,151 persons.  Finally, if the project is successful in reducing the flows, the Township may have the confidence to seal all of the existing overflows.  This is, of course, the ultimate goal of this project.

Appendix C contains the graphical representation of the data for area 9 for January and February of 1999.  Again, the dry weather hydrograph has been superimposed on the actual data.  The dry weather hydrograph was obtained form data collected at the site during October of 1997.  Many of the manholes in this area were determined to be sources of inflow.  The numerous peaks seen on the aforementioned graphs confirm this point information.  A malfunction has eliminated a portion of the data from January of 1999, but the peaks seen in the remaining data easily show the inflow problem experienced in this sub area.  Again, this area was previously grouted.  The only remaining source of extraneous flow in the public sector is from the manholes.  Once this project is completed, the remaining sources of extraneous flow may be attributed to private sector sources.  Area 9 flows were greater than the benchmark of 250 gallons per capita per day several times during January and February of 1999.  It is believed that this project may reduce the flows to this standard.  The population of this sewershed is 291 persons.

B.  Description of project objectives, goals, and performance standards.
The goal of the Township through this project all sources of infiltration and inflow from the public sector and to seal the three sanitary sewer overflows located in the Township.  These overflows are downstream of the sewers in sub area 3.  Since pipe source infiltration has been eliminated through grouting, the objective of this particular project is to eliminate extraneous sources of flow during wet weather due to substandard manhole integrity.  Through the removal of these sources, the Township hopes to document that overflows are no longer occurring and eliminate the overflow structures in sub area 3.  The Township is also striving to reduce the wet weather flows in sub area 9 to below the 250 gped benchmark.

C.  Detailed description of the scope of work.
This project involved the rehabilitation of 70 manholes in sub areas 3 and 9.  These areas have been identified as sources of extraneous flow in the Township’s sewer system.  All of the manholes in sub areas 1 through 11, excluding sub area 6, were visually examined in March of 1999.  The results of these inspections and information gathered during infiltration isolation testing were used to formulate the manhole rehabilitation project that is proposed.

This proposed project included total rehabilitation of each manhole in these two sub areas.  This included grouting pipe seals, total internal moisture protection with particular attention to the castings, and the installation of manhole inserts. The project included internal moisture protection methods.  For this portion of the project, Sealing Systems, Inc., Flex-Seal Utility Sealant for sealing the frame adjustment and Strong Seal or Ravens System manhole walls were utilized.  In manholes identified as being sources of infiltration, all leaks were sealed by first applying a hydraulic water stop cement.  Once all leaks were plugged, the rehabilitation work was completed.  Approximately one week after this application, the manholes were inspected for dampness and leaks.  Any defects observed were corrected and surface resealed.  Additionally, watertight inserts were placed in structures identified as being sources of inflow.

Cost Effectiveness of 

Rehabilitation Methods
The actual contract unit costs associated with this demonstration project are as follows:

__
Manhole Rehabilitation 

Utilizing Strong Seal (cementitious) System $142.82/vertical foot.

__
Manhole Rehabilitation

Utilizing Ravens (urethane) System $334.50/vertical foot.

__
Watertight Inserts $75.00/each

__
External Grouting of

Manhole Apron Seals $500.00/each

__
External Grouting of

Pipe Seals $350.00/each

__
Raise Manhole Frame &

Cover to Grade $950.00/each

__
Frame Adjustment & Sealing $500.00/each

Considering primarily the manhole rehabilitation methods, cementitious versus urethane, it appears that at least initially, that the cementitious system is more cost effective, given that the vertical foot unit costs of cementitious of  manhole rehabilitation were 43% of the urethane rehabilitation method costs.  Furthermore, 18% of the cementitious manholes were noted to have leakage on February 1, 2001 versus 64% of the urethane manholes.

The cost of a new manhole, average depth of twelve (12') feet, to replace an existing manhole in a developed neighborhood is estimated at $6,000.00 or $500/vertical foot taking into account excavation, demolition of existing manhole, new construction, surface restoration etc.  Comparing new construction to cementitious rehabilitation, cementitious rehabilitation is 28.5% that of new construction.  At this percentage, the cementitious method would be cost effective.

In comparing urethane rehabilitation methodology to new construction, the urethane system is 67% on the new construction costs.  At this percentage, new construction would probably be a better long-term approach.

It can be concluded that the cementitious methodology for manhole rehabilitation is the most cost effective based on the initial results of the inspection program.

Difficulties Encountered During Construction

There were no known significant difficulties encountered during the rehabilitation of the manholes.  Proper surface preparation and cleaning was stressed to the Contractor.  The cleaning and preparation was accomplished by means of a high pressure water spray (minimum 5,000 psi). The intent of the cleaning was to remove all loose brick, mortar, roots deposition, grease and other foreign matter to facilitate proper adhesion of the rehabilitation materials.  Although it visually appeared that the cleaning efforts were satisfactorily performed, perhaps some of the deficiencies and leakage noted at the February 1, 2001 wet weather inspection, particularly the bubbling of the Ravens material, was caused by inadequate cleaning.

Criteria and Justification for Design

of Manhole Rehabilitation Methods

and Other Repairs

Twenty-two (22) manholes in total were completely rehabilitated under this demonstration project.  Eleven (11) of the manholes including 131.86 vertical feet, rehabilitation with the Strong Seal (cementitious) System.  The other eleven (11) manhole, including 125.34 vertical feet, were rehabilitated utilizing the Ravens Lining System (urethane).  These manholes were chosen for rehabilitation due to significant amounts of wet weather infiltration noted through the manhole walls.  The actual method of rehabilitation, cementitious versus urethane, was chosen on a random basis.

Thirty-eight (38) manholes were provided with watertight inserts.  These manholes were chosen for inserts due to their proximity to collect surface water runoff inflow.  

Six manholes were scheduled for grouting of the apron seals due to leakage of the seals.

Six manholes were scheduled for grouting of pipe seals due to infiltration at these locations.

Eight (8) manholes were raised to grade due to accessibility issues and to reduce the likelihood of surface water runoff inflow.

Six (6) manholes were scheduled for frame adjustment and sealing to eliminate infiltration.

Overall Evaluation of the

Two (2) rehabilitation Methods
Two (2) manhole corbel & wall methods of rehabilitations were chosen for the twenty-two (22) manholes included with this project.  Eleven (11) manholes were rehabilitated with each method.  They are as follows:

A. Cementitious System
This method of rehabilitation is a one-component, rehoplastic, silica fume, fiber reinforced, shrinkage-compensated mortar lining system for manhole wall and corbel rehabilitation.  The coating materials were required to conform to Masters Builders, Inc. EMACO S88-Ca or S88-CA mortar for manhole water proofing and structural rehabilitation, or an approved equal.  

State Pipe Services, Inc. requested and obtained approval to use Strong-Seal, manufactured by Strong-Seal Systems Corporation, Pine Bluff Arkansas.

B. Urethane System
This method of rehabilitation is a two-component spray-applied Urethane System for manhole wall and corbel rehabilitation.  The urethane resin liner materials and process for use in manhole rehabilitation were required to conform to SprayROQ, Inc.  Spraywall or an approved equal.  State Pipe Services, Inc. requested and obtained approval to use the Raven Lining System materials and application process.

The average vertical foot unit cost for manhole rehabilitation in the bid were as follows:

Strong Seal - $142.82/vf

Ravens        - $334.50/vf

Thus, the cost of rehabilitation with Ravens was 2.34 times greater than with Strong Seal.

Although, the long term evaluation of Strong Seal (cementitious method) versus Raven (urethane method) is not yet known, the initial results indicate that the Strong Seal method of rehabilitation has out performed the Raven method given the results of the February 1, 2001 inspection, at 43% of the costs of the Raven System.

Long-Term Investigation

and Inspection of the Lined Manholes
The first post-rehabilitation inspection of the lined or rehabilitated manholes occurred on February 1, 2001.  This inspection was scheduled to coincide with a significant wet weather period to insure that ground water conditions were at optimum conditions for the purpose of determining leaks and other manhole deficiencies.

This initial inspection revealed that of the twenty-two manholes sealed in this project (eleven with Strong Seal, eleven with Raven), only two (2) Strong Seal manholes indicated post-rehabilitation leakage while seven (7) Raven manholes showed indicators of leakage.

Subsequently, the manhole deficiencies were repaired by State Pipe Services, Inc. Contractor or Alex Paris Contracting, Inc. subcontractor, re-inspected and accepted on April 27, 2001.

In considering the long term, it is planned to perform a wet weather inspection for each of the twenty-two (22) manholes for at least the next four (4) years and evaluate.  After the initial five (5) year period, random spot inspections would be anticipated.

