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BACKGROUND

South Fayette Township Municipal Authority (SFMA) serves the Township of South Fayette (pop. approx. 12,271) located in the Southwest portion of Allegheny County, Pennsylvania.  The system serves a primarily residential suburban community and consists of just over 100 miles sanitary sewer and 4 pump stations. As a condition to connection to the ALCOSAN system in 1986, SFMA entered into an Agreement specifying penalties for excess I/I.  For SFMA, just over $800,000 in penalties have been incurred from the time of connection to ALCOSAN through February of 2001.   These penalties are based upon ALCOSAN’s prevailing rate structure.  Recent negotiations with ALCOSAN have allowed for the establishment of an escrow account by SFMA for all penalties incurred after May 1996.  The escrowed funds may be utilized by SFMA for remediation of system defects relating to I/I.

INTERNAL INSPECTION 

In 1997, SFMA contracted for over 50,000 linear feet of sewer to be televised primarily in the Hunting Ridge Development, a major subdivision consisting of nearly 1,000 residential units constructed in the mid 1970’s.  While the CCTV (color pan & tilt) inspection revealed that nearly all of the 8” diameter vitrified clay pipe was in excellent condition, a pattern of obviously open joints was detected at the connection point of the lateral to the wye.  During televising, several of the wyes were visibly leaking at the lateral connection joint and at the immediate upstream bend.  The structural integrity of the joint in most cases was very good, but in some instances roots were found penetrating the open joints.  Defects in the main line were extremely limited, with essentially no root penetration observed.  The televising also revealed 52 protruding (break-in) taps to the main.

PILOT PROGRAM FOR GROUTING SERVICE LATERALS

The 1997 internal inspection indicated that there were an estimated 639 of 805 wyes that appeared to have slightly open joints at the point of connection to the lateral. Thus, a pilot program was suggested utilizing a grouting technique that isolates the wye and the first several feet of the building lateral.  Basic Technical Services (BTS), a Pittsburgh area contractor, had acquired specialized grouting test/seal packers manufactured by American Logiball Inc. capable of isolating the wye and several feet of the lateral.  Thus, the Authority was in a position to perform a pilot project utilizing an established local sewer rehabilitation contractor.

PILOT PROGRAM RESULTS

Included in the pilot program were fifteen main line sewer segments with a total length of 2,788 feet at various locations in the Hunting Ridge Plan. Of 59 wyes tested in these segments, 52 (88%) failed the air test.  Some additional wyes in these segments could not be tested due to the degree of root penetration or for other reasons. (Some laterals with light to moderate root penetration were successfully tested and sealed). A total of 303 gallons of acrylamide grout was utilized to seal the 52 failed wyes/laterals.  This works out to an average of just under 6 gallons of grout per wye.  The total cost of the pilot program was $29,830, or $505 per tested wye ($574 per sealed wye).  A large portion of the cost is based upon the time required for both the pre and post inspection components.  The cost of the grout (at approx. $7.00 per gallon) is practically an incidental cost of the operation.  The pilot program costs compare extremely well with the experience of Washington Suburban Sanitary Commission, who indicated in previous studies a range of $500 to $650 per connection engaged.

The program did yield visible results in reduction of infiltration where the connection points were actively leaking.  Observed leaks, a few in excess of 5,000 gpd, were effectively eliminated.  Since the operation only involves grouting 8’ of the lateral, the question of migration of the ground water to upstream defects in the lateral was an obvious concern.  The degree of the migration is offset, however, by the observations that the lateral joints away from the point of connection typically appeared to be tighter.  This point is further substantiated by the observation that nearly all discovered root penetration was located within the first few feet of the wye.  Also, the laterals typically were constructed at a shallower depth with the last few feet dropping to the main.  Thus, the sealing of this area would require a higher level of ground water to produce leakage in the upstream non-grouted lateral joints.  While a semi-permanent flow monitor is located at the lower portion of the watershed, it was not usable to quantify the amount of I/I reduced due to the limited scope of this pilot program.  A much larger demonstration project including additional flow monitoring was considered necessary to make any valid quantification claims.   In an attempt to determine the potential for groundwater migration to joints immediately upstream of those sealed, a segment of sewer which had extensive leaks prior to the grouting process was re-televised 6 months afterwards.   Both the rehabilitation work and the post-televising of this segment were performed during wet weather conditions.  No leakage was evident in any of the grouted joints in this segment.  Also, one wye in this segment with moderate root penetration was sealed, with no observed renewed root growth within the six month period.

EXPANDED PROJECT

In April 1999, the Authority elected to investigate the possibility of funding an expanded project.  A grant application was submitted to the Three Rivers Wet Weather Demonstration Program.  The program is a joint effort of ALCOSAN, Allegheny County Health Department, and the tributary communities to the ALCOSAN system to identify techniques to reduce infiltration/inflow and to encourage intergovernmental cooperation with respect to system O&M.  The program is supported with federal funds that enables 3RWWDP to provide assistance to those communities undertaking various demonstration projects.  As a result of their application, the Authority was awarded a 55% grant from 3RWWDP based upon a total project estimated cost of $344,900.  Of this amount, $30,000 was the estimated costs for such activities as flow monitoring (pre and post construction), specification preparation, in-house inspection, and project management.  Conditions of the grant award required pre and post project flow monitoring to attempt to quantify the effectiveness of the rehabilitation with respect to I/I reduction.

Upon notification of the 3RWWDP grant award, the Authority, in conjunction with their consultant, KLH Engineers, assembled specifications for the expanded project (Contract 2000-01). The intent was to test and seal nearly 500 additional wyes in the same fashion as the pilot project.  The proposed work also included re-televising the main sewer, televising the service laterals associated with the wyes to be tested, trimming of approximately 41 protruding taps, and removal of roots in approximately 25 service laterals (in proximity to the wye).  The specifications also called for performance testing to ensure quality control aspects of the grouting work.  Bids were opened in the Spring of 2000.  Eight bids were received, ranging from a low of $193,785 to a high of $398,650.  Basic Technical Services (BTS) submitted the low bid and was subsequently awarded the contract.  It is interesting to note that the low bid was over $100,000 less than that anticipated in the grant application.  This is undoubtedly related to the size of the project which attracted bidders from 4 states. BTS initiated work in June of 2000 and continued until early December.  Performance testing was completed in the Spring of 2001.  The only change order involved work associated with grouting service laterals terminating at manholes and those terminating in proximity to lampholes.  The final cost of the work performed by BTS amounted to $203,735, or approximately $10,000 greater than their original bid.

A total of 499 air tests were performed on the wyes and stubs at manholes, including up to 8 foot of the service lateral.  All but 47 (94%) failed the test and were subsequently grouted.  A total of 2,209 gallons of acrylamide grout was used, for an average of 4.4 gallons per wye. The total cost of Contract 2000-01 was $203,735, or $408 per tested wye ($450 per sealed wye).  This compares with $505 per tested wye and $574 per sealed wye realized during the pilot program.  Once again, only a fraction of the total cost relates to the cost of the chemical grout.  Performance testing was conducted with the time interval being greater than 4 months from the time of original grout application.  Over 90% of the air tests passed during this performance evaluation. 

PROJECT EVALUATION

In order to determine the impact of the work performed under Contract 2001-01 on I/I reduction, Authority personnel had installed flow monitors at three locations.  The Springhouse meter was located on the Boyce Road Trunk sewer immediately upstream of the project area.  The public sewer portion of the system tributary to this meter consists of 20,526 linear feet of 8” PVC and 850 linear feet of 6” Ductile Iron Pipe.  All of the service laterals in this portion of the system are PVC.  All of this sewer was constructed after 1980.  The tributary area consists of approximately 160 acres with a tributary residential population of approximately 969.  Of significance are 2 major non-residential customers tributary to this meter, consisting of a large nursing home and rest stops for I-79.  Both of these facilities contribute wastewater on a 24 hour basis.  The contributed flow from these 2 facilities is an estimated 30% of the average daily dry weather flow to this meter. 

 The Boyce meter was located at the point of discharge of the Boyce Road Trunk Sewer to the Chartiers Creek Interceptor.  This meter encompasses the project area along with the Springhouse meter area.  The total tributary area, including the Springhouse portion, is 447 acres with a residential population of approximately 2,937.   There is little additional non-residential component over that previously discussed tributary to the Springhouse meter.  Non-residential sources are estimated to contribute 12% of the average daily dry weather flow to this meter.  Public sewer tributary to this meter consists of 59,523 linear feet of 8” pipe and 850 linear feet of 6” DIP.  When excluding the Springhouse portion of the system, the public sewer located within the project area consists entirely of 8” vitrified clay pipe (VCP).  Approximately 14,500 linear feet of private service lateral within the project area consists of 6” VCP from the wye to the vent/trap assembly located just outside each building.  The vast majority of the piping starting at the trap and proceeding under the structure is 4” ABS pipe.  Most of the sewer constructed in the project area was installed in the mid 1970’s.

The 3rd meter was installed at the lower portion of the Fairview Trunk Sewer.  This sewer is in proximity to the project area and was used as a control basin for the evaluation of flow variation before and after the project.  The sewer in the control basin consists of approximately 28,904 linear feet of 8” VCP with a tributary population of approximately 1,207 people. There are no commercial contributors to this meter.  The tributary area is 239 acres. The majority of this sewer is slightly newer than that located within the project area.  However, approximately 20% of the tributary sewer was installed around 1960.  

The flow meters were in place for approximately 1 year prior to commencement of the grouting work performed under Contract 2000-01.  Data collection and routine calibrations were performed by SFA personnel.   However, a 3rd party review of the data was deemed appropriate for the purposes of determining the effectiveness of the project.  ALCOSAN authorized their consultant, Camp Dresser & McKee, Inc. (CDM) to perform this analysis in coordination with SFA.  ALCOSAN has for several years utilized the services of CDM for analysis and modeling of flow data from various portions of the overall system.  

A four-step process was implemented to determine the effectiveness of the rehabilitation efforts of the project.  Precipitation data collected from the Mayview and Chartiers Creek rain gauges was compared with 50 years of historical rainfall data collected at the Pittsburgh International Airport (PIA) to assess the rainfall conditions associated with the pre and post construction analysis periods.  Quality reviews were performed on the flow monitoring data collected at the sites described above to insure that the data analyzed were accurate and reliable.  Dry-weather flow analyses were conducted to quantify and characterize the diurnal base wastewater flow (BWWF) and seasonal variations in groundwater infiltration (GWI).  Rainfall dependant infiltration and inflow (RDII) volumes for selected pre and post-construction storm events were quantified. 

The post-project flow monitoring data collected and analyzed ranged from the period of December 2000 through June 2001.  Accurate quantification of the rehabilitation efforts is dependant on comparing data from the same seasonal periods with similar rainfall conditions.  As a result, the same seasonal period of December 1999 through June 2000 was selected as the pre-project comparison period.  Rainfall data collected at the Mayview and Chartiers Creek rain gauges was compared to the historical record at the PIA on a monthly basis.  The selected pre-project analysis period of December 1999 through June 2000 showed that the months of December, January, and March were dryer than average while February, April, May, and June were wetter than average months.  The post-project analysis of December 2000 through June 2001 showed that the months of March, April, May, and June were dryer than average while December, January, and February were wetter than average months.  Looking at the cumulative rainfalls over the seven-month pre and post-project analysis periods showed that total pre-project rainfall (22.6 inches) was slightly higher than the PIA historical average (21.4 inches) while the post-project cumulative total was slightly lower than average (21.0 inches).  It is important to note that the cumulative rainfall totals over the seven-month pre and post-project analysis periods differed by only 7%.  

Quality reviews were performed on the flow monitoring data to insure that the data used for the dry and wet weather analyses were accurate and reliable.  Time series plots, showing monitored depth and flow over time, were prepared and reviewed.  Scatter plots of the same data, showing depth versus flow, were created and analyzed as well.  Errant data was identified and either corrected or quality flagged.  The quality reviewed data was then prepared for input into the dry and wet weather analysis programs.  For the most part, the data collected from each of the three monitoring locations was accurate and reliable.  However, all three meters experienced some problems during the post-construction monitoring periods resulting in portions of data that were either missing, needed corrected, or were quality flagged as unusable.  

The quality reviewed data from each of the monitoring locations was prepared for input into a dry weather analysis software program.  The program allowed the user to select and analyze dry weather days.  Days with observed rainfall, atypical diurnal patterns associated with holidays or cultural events, or residual effects from storm events were excluded.  The resulting selected dry weather days were compiled into average weekday and weekend hydrographs.  This allowed for the BWWF and GWI to be quantified and characterized. Based on water consumption records, assumptions were made for each sewershed as to the flow contributions associated with commercial establishments and were accounted for in the calculated average daily dry weather flows (ADDWF) values.  Comparisons were made before and after the rehabilitation project to quantify the amount of GWI eliminated from the sewer collection systems.

Based on 101 dry weather days analyzed, the pre-project ADDWF at the Boyce meter was 0.341 million gallons per day (mgd), or 103 gallons per capita per day (gpcd).  Based on 79 post-project dry weather days, the calculated ADDWF was 0.345 mgd, or 103 gpcd (Note: Ten residential units were added between analysis periods).  This shows that there was an increase of 1.1% in ADDWF after the rehabilitation efforts were completed.  Looking at the minimum nighttime flows and assuming minimal nighttime domestic and commercial contributions, the calculated pre-project GWI was 0.117 mgd, or 1,284 gallons per inch-mile per day (gpimd).  The calculated post-project GWI was 0.119 mgd, or 1,310 gpimd, thus showing an increase in GWI of 1.7% after the rehabilitation efforts were completed.  Based on just the dry weather analysis conducted on the Boyce sewershed, it appeared there was no reduction in GWI as a result of the grouting program.

However, significantly larger increases in ADDWF and GWI were observed when analyzing the Springhouse and Fairview sewersheds.  At the Springhouse meter (upstream of the project area), the ADDWF increased from 0.130 mgd (93 gpcd) to 0.144 (108 gpcd), an increase of 11%.  The GWI increased from 0.055 mgd (1,722 gpimd) to 0.086 mgd (2,670 gpimd), an increase of 55%.  For the Fairview sewershed (control basin), the ADDWF increased from 0.111 mgd (92 gpcd) to 0.143 mgd (118 gpcd), an increase of 28.5%.  The GWI increased from 0.048 mgd (1,090 gpimd) to 0.067 mgd (1,536 gpimd), an increase of 40.6%.  These significantly larger increases in ADDWF and GWI at the upstream meter and control basin led to speculation that there may indeed be significant project benefits from reduction in GWI. 

The dry weather unit hydrograph calculated for the Springhouse meter was subtracted from the dry weather unit hydrograph calculated for the Boyce meter.  This analysis procedure was justified due to the project area being a large component of the Boyce sewershed and the quality of the flow monitoring data being relatively good.  This subtraction in dry weather hydrographs allowed for the exclusive assessment of the project area as well as eliminating the commercial component in the dry weather flows since the significant commercial contributors are upstream of the Springhouse meter. 

When looking at just the project area, the pre-project ADDWF was 0.212 mgd (108 gpcd).  The post-project ADDWF was 0.202 mgd (101 gpcd), a decrease of 4.9%.  The pre-project GWI was 0.056 mgd (929 gpimd) and the post-project GWI was 0.029 mgd (483 gpimd).  This shows a decrease of 48% in GWI as a result of the rehabilitation efforts.  In another words, approximately 27,000 gpd of GWI was removed when comparing pre and post project GWI flows. The Fairview sewershed, the control basin comparable to the project area with the exception of 20-25% of the pipe being older, showed an increase in GWI of 40.6%.  Applying an adjusted percent increase of 31.5% to the pre-project GWI for the project area and comparing it to the actual post-project GWI showed a reduction of approximately 44,500 gpd.   

SFMA, as a condition in their service agreement with ALCOSAN, pays a penalty of $2.23/1,000 gallons of excessive I/I.  On average, the Authority pays a penalty 2 quarters per year.  Based on the historical rainfall record at the PIA, there are on average 212 dry weather days per year (106 every six months).  Looking at the dry weather analysis of the project area with approximately 27,000 gpd of GWI removed, SFMA saves approximately $6,400 per year in penalties.  Looking at the increase in GWI at the control basin and applying the adjusted increase of 31.5%, approximately 44,500 gpd is removed and SFMA saves approximately $10,500 per year in penalties.  As a result of the wye grouting program, it appears SFMA saves between $6,400 and $10,500 in penalties due to the reduction in GWI resulting from the project.

RDII volumes were computed for selected pre and post-project storm events.  GWI rates were manually adjusted to account for seasonal variations.  The RDII volumes were calculated by subtracting the seasonally adjusted dry weather hydrograph (BWWF+GWI) from the total flow (BWWF+GWI+RDII).  An r-value, expressed as a percentage, was computed for each event as a ratio of the RDII volume to the rainfall volume over the sewershed area.  Selected monitored pre-project storm events were analyzed during the period of December 1999 through June 2000.  Post-project storm events were analyzed from the period of December 2000 through June 2001.  The calculated pre and post-project RDII volumes and corresponding r-values were compared to quantify any wet weather benefits as a result of the project.

Twelve pre-project events were analyzed at the Boyce monitoring location (downstream of the project area) and resulted in an average r-value of 0.029, indicating that on average 2.9% of the rainfall that fell over the Boyce sewershed entered the sewer collection system as RDII.  The average r-value of the nine post-project events analyzed yielded an average r-value of 3.1%, a minimal change of only 0.2%.    

Twelve pre-project events were analyzed at the Fairview monitoring location (control basin) and resulted in an average r-value of 0.047, indicating that on average 4.7% of the rainfall that fell over the Fairview sewershed entered the sewer collection system as RDII.  The average r-value of the ten post-project events analyzed yielded an average r-value of 6.8%, an increase of 2.1%.  

Based on just the Boyce meter, there was no quantifiable wet weather benefit as a result of the rehabilitation efforts.  A possible cause for this could be that the RDII is entering the sewer system in areas other than the service laterals that were grouted.  
 PROJECT EVALUATION SUMMARY

Calculating the amount of I/I removed from a sewer system allows for documentation of successful sewer rehabilitation.  Collecting accurate flow and rainfall data, both before and after rehabilitation, are prerequisites for calculating the amount of I/I removed from the sewers.  Precipitation records were analyzed in order to minimize any bias in the results.  In order to determine the impact of the work performed under Contract 2001-01 on I/I reduction, SFMA personnel had installed flow monitors at three locations (upstream of the project, downstream of the project, and a control basin).  Quality assurance reviews were conducted to insure the flow monitoring data collected was accurate and reliable.  The rainfall data record was examined to minimize any bias in the results.    

All three meter locations played a vital role in determining the amount of GWI removed from the sewer collection system.  By subtracting the ADDWF hydrograph of the upstream meter location from the downstream meter location, exclusive assessment of the project area could be made.  The control basin, where no rehabilitation work was performed, could account for any differences between the before-and-after data sets.  As a result of the dry weather analyses conducted on the flow data from these locations, it appears SFMA saves between $6,400 and $10,500 in penalties due to the reduction in GWI as a result of the project.

Based on just the downstream meter, there was no quantifiable wet weather benefit as a result of the rehabilitation efforts.  A possible cause for this could be that the RDII is entering the sewer system in areas other than the service laterals that were grouted.  

CONCLUSIONS

While CDM’s analysis was inconclusive as to whether the project had any significant impact on flow reduction during precipitation events, it clearly demonstrated that there was a beneficial impact on base infiltration.  The cost effectiveness of the project, having at least a 15-year return of investment based upon current rates, may be questioned.  With the case of South Fayette Municipal Authority, the following mitigating factors need to be considered:

· ALCOSAN’s Agreement with SFMA clearly requires that the Authority take steps to reduce extraneous water entry into the system in excess of 600 GPIMD (on a quarterly average).  This extremely stringent requirement forces SFMA to look outside the scope of conventional techniques utilized to control excess I/I. 

· Due to the on-going O&M practices of the Authority, along with the fact that the overall system is relatively new and has lower rate of excess I/I as compared with most other municipalities within the ALCOSAN service area, the opportunities for finding and correcting conventional sources of excess I/I (manhole rehabilitation and main line pipe repairs) are reduced. 

· The impact of the 1997 pilot project (sealing of 52 wyes) on reducing I/I is not considered in the CDM analysis.  The pilot work was performed in some of the most obvious problem areas within Hunting Ridge.  Therefore, if data were available, the resultant analysis most likely would have indicated a greater benefit.

· The expanded project was undertaken in large part due to the 55% funding from 3RWWDP.  The project clearly demonstrated that the methodologies utilized are effective in sealing the wye and the first 8’ of the lateral and was successful in reducing infiltration.  A major consideration in receiving the grant was to demonstrate the specific rehabilitation  techniques utilized in the process so that information gained would be usable by other municipalities. 

· The project alleviated other O&M issues not directly related to I/I reduction, including addressing root penetration at 21 wyes and removal of 43 protruding taps.  It also provided a detailed video inspection of all of the service laterals in the project area.

In summary, the work performed has yielded important information for not only SFMA, but for the 3 Rivers Wet Weather Demonstration Program.  Each community considering this technology must consider several factors with respect to their own system in order to determine whether to proceed with a similar project.  

For questions regarding this project, the authors may be contacted at the following:

Jerry D. Brown        412-221-1665  or email   sfma@bellatlantic.net
Mark D. Loehlein    412-201-5500  or email   LoehleinMD@cdm.com
