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Introduction

The Town of Auburn Massachusetts conducted a Townwide Inflow/Infiltration (I/I) and Sanitary Sewer Evaluation Survey (SSES) Program in an effort to develop a plan and implementation schedule to locate and identify sources of I/I, and recommend and prioritize cost effective rehabilitation methods to reduce I/I.  This program was conducted in two phases.  Phase I, which was completed in October 2007, consisted of compiling existing data, delineating drainage basins, ranking drainage basins by extraneous flow per inch diameter mile of tributary sewer and developing a plan and implementation schedule to locate and identify sources of I/I.  Phase II, which was completed in June 2008, consisted of performing SSES investigations including dye testing, smoke testing, CUES-IMX zoom inspection, closed circuit television (CCTV) inspection, building inspections and manhole inspections.

Based on the analysis conducted in Phase I, tributary areas exhibiting excessive levels of infiltration were flow isolated.  Flow isolation was performed at intersections and locations approximately 1,000 feet upstream of intersections rather than on a segment-by-segment basis.  This defined small areas to be further analyzed for infiltration.  At the completion of flow isolation, approximately 60,000 feet of sewers were recommended for further investigation due to infiltration rates in excess of 4,000 gpd/idm.  

In a “typical” SSES program, these pipes would likely have been investigated using traditional CCTV inspection to identify sources of infiltration.  Rather than using CCTV inspection as the primary investigation tool, the CUES-IMX zoom technology was used to quickly and cost-effectively screen the 60,000 feet of sewer and connecting manholes.  As shown in Figure 1, the Cues-IMX zoom technology uses a camera that is lowered into a manhole to inspect the manhole and/or sewer in both the upstream and downstream direction.  The camera has a powerful zoom lens that allows it to view a significant portion of the pipe.  Video clips of the sewers/manholes zoomed are collected for analysis.  Follow-up CCTV inspection was conducted on pipes requiring a more complete picture.  This back-to-back zoom/CCTV program used resources effectively and enabled the investigations to be completed in the same groundwater season.

This paper explores the use of the InfraMetrix CUES-IMX camera zoom technology as a screening tool to identify sources of infiltration and provide condition assessment.  The paper includes background about the Town and project, an overview of the zoom 
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Figure 1.  Zoom Technology Inspects Manholes and Pipes to Identify Defects and Observations

technology, data analysis, results of zoom inspection, benefits of zoom inspection and conclusions.  

Background

The Town of Auburn is located in south central Massachusetts, 8 miles south of downtown Worcester and 44 miles west of Boston.  The Town covers 15.36 square miles and has a population of approximately 16,216.  The sewerage system consists of approximately 18 miles of gravity sewer ranging in size from 8-inches to 36-inches in diameter (excluding service connections and private sewer extensions), 4 miles of force main sewer, 0.5 mile of low pressure sewer and 11 town-owned and operated pumping stations.  Wastewater flow from Auburn is transported to the Upper Blackstone Sewage Treatment Facility via the Pinrock Road Pumping Station.  

On December 21, 2005, the Massachusetts Department of Environmental Protection (MassDEP) issued an Administrative Consent Order (ACOP-CE-05-1N017) to the Town of Auburn.  The Administrative Consent Order (ACO) documented corrective actions to be taken in response to a sewer bypass event at the Town’s main pumping station on Pinrock Road.  One of the terms of the ACO required the Town to evaluate its municipal sewer system and address areas subject to excessive I/I.  No previous I/I investigations had been conducted in the Town of Auburn.
FST assisted the Town in evaluating its municipal sewer system and addressing areas subject to excessive I/I as mandated by the MassDEP.  This was accomplished by conducting the I/I and SSES program.  The Program was conducted in accordance with MassDEP's Guidelines for Performing Infiltration/Inflow Analyses and Sewer System Evaluation Survey, revised January 1993.  The standard inspections that were conducted under the SSES portion of the Program included flow isolation, manhole inspections, building surveys, smoke testing and dye testing.  

The only variation from the standard MassDEP guidelines was that instead of relying solely of CCTV for infiltration identification, FST opted to utilize the InfraMetrix zoom technology to screen the 60,000 feet of pipe and connecting manholes and follow-up with CCTV inspection where necessary.  FST chose to incorporate the zoom technology into this program for a number of reasons.  The zoom technology provides innovative and affordable infrastructure diagnostic services to help clients prioritize long-term wastewater maintenance and capital investments for improved performance.  Zooming is quicker, cheaper and less disruptive than traditional CCTV.  Fewer dollars can be spent to get a quick condition assessment, allowing for remaining funds to be used for O&M, rehabilitation or additional investigation work such as CCTV.  In the case of Auburn, the zoom inspections identified infiltration sources, as well as additional structural and O&M issues, which warranted follow-up CCTV.  This two-step zoom/CCTV process for viewing the sewer lines was coordinated and conducted during one groundwater season, the spring of 2008.  

Zoom Technology Overview

The truck-mounted CUES-IMX zoom camera (shown in Figure 2) is a unique video inspection system for manholes and pipelines.  The camera can be lowered into the manhole to inspect the manhole and/or sewer to record infiltration sources, structural defects and O&M issues.  The camera offers unparalleled imaging technology with a 25:1 optical zoom that is stabilized and remotely controlled by a telescopic boom to produce high picture clarity with enhanced detail.  The camera head can pan 360 degrees continuously, tilt mechanically 45 degrees up or 90 degrees down and tilt optically 166 degrees.  The camera imager, optics, mechanics and electronics are housed in a damage resistant, waterproof, rugged enclosure that is 7 inches in diameter and 16 inches in length.  The front camera head housing includes a view port of distortion free, heat resistant glass.  The system includes the camera, HID lighting heads, mast system and controller.  The system can be provided on various means of transportation (shown in Figure 2) including inspection vans, all terrain vehicles or trailers.  Zooming can be inspected on off-road sewers, assuming the line is within 300-350 feet of the road.  

In Auburn, the focus of the project was to collect data identifying sources of infiltration.  The data obtained from zooming can also be used to update asset inventories and mapping; document condition and needs; address SSOs and CSOs; prioritize maintenance, rehabilitation and replacement activities; develop annual budgets; and provide critical information for preventative maintenance programs.
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                                        Figure 2.  CUES-IMX Zoom Camera and Truck

Application of the CUES-IMX technology is fast and efficient.  A two-man crew can inspect approximately 5,000 feet of pipe including 25 manholes per day or approximately 10,000 feet of pipe without manholes per day versus CCTV inspection that typically covers 1,500 feet per day not including manholes.  In Auburn, the crew spent 13 days zooming the system, resulting in approximately 4,600 feet inspected per day including manhole observations.  Approximately 5,000 feet of sewer were located off-road requiring more labor intensive efforts to collect the data and search for the structures. 

Data Analysis

InfraMetrix certified viewers reviewed the video clips of the pipeline zoom inspections and graded them based on the Pipeline Assessment Certification Program (PACP).  An evaluation of each pipeline was performed to analyze any observed deficiencies and provide an assessment of the defects and observations noted with an emphasis on sources of infiltration.  Each pipeline was then rated for structural, and operation and maintenance conditions by giving it a grade from 1-5 with 1 being a pipe in acceptable structural/O&M condition and 5 being a pipe in the worst condition with existing or imminent collapses/blockages.  The structural and O&M grades of an asset were determined by the highest grade defect/observation observed during the inspection.  In regard to infiltration, lines were given a grade from 2-5 for each observed source of infiltration signifying weepers, drippers, runners or gushers with weepers being the least severe (grade 2) and gushers being the most severe (grade 5).  These grades were used to recommend lines for cleaning, CCTV, rehabilitation and other further action.  

InfraMetrix established criteria as to which lines were to be recommended for follow-up cleaning and CCTV inspection.  Lines that exhibited active infiltration were recommended for cleaning and CCTV inspection.  Lines adjacent upstream and/or downstream of sewers with active infiltration were also recommended for follow-up CCTV work in order to gain a comprehensive assessment of the line/area.  Lines with significant structural and O&M issues (typically codes 4-5) were also recommended for follow-up CCTV work.  Manholes with active infiltration were noted for rehabilitation work to remove the infiltration from the system.  

Results of the Zoom Inspection

In late March – early April 2008, InfraMetrix inspected 303 out of 328 pipelines scheduled for inspection.  25 sewers out of the 328 scheduled for zooming could not be inspected.  These sewers were too far off the road for the cable to reach, they did not exist or the crews could not locate them.  Of the 303 lines inspected, totaling approximately 60,000 feet, 42 lines totaling approximately 8,200 feet had observed infiltration that were recommended for cleaning and CCTV inspection.  Table 1 summarizes these results.  Figure 3 shows examples of major sources of infiltration (gushers).  Using a conservative approach, an additional 45 lines totaling approximately 9,000 feet that were adjacent to lines with observed infiltration were also recommended by InfraMetrix for cleaning and CCTV inspection.  

	Table 1.  Summary of Infiltration Pipeline Code Assignments

	Infiltration Code
	Number of Lines
	Percent of Lines

	Gusher
	 7
	2%

	Runner
	22
	7%

	Dripper
	 9
	3%

	Weeper
	 4
	1%

	Total
	42
	13%
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Figure 3.  Sewers with Active Infiltration (Gushers)

In addition to lines with infiltration, 29 lines totaling approximately 5,700 feet were also recommended for cleaning and CCTV to address structural/O&M defects and observations that were made during the inspections.  Table 2 summarizes the structural findings.  In general, the significant structural deficiencies observed included holes, broken pipe and multiple fractures.  These deficiencies are shown in the photos appearing in Figure 4.

	Table 2.  Summary of Structural Code Assignments

	Structural Code
	Number of Pipelines
	Percent of Pipelines

	5
	1
	0%

	4
	2
	1%

	3
	6
	2%

	2
	11
	3%

	1
	278
	92%

	0
	5
	2%

	Totals
	303
	100%
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Figure 4.  Sewers with Structural Defects

Table 3 summarizes the O&M findings.  In general, the significant O&M service condition deficiencies observed included instances of runners and gushers as previously noted as well as settled deposits, grease blockages and high level water marks.  These deficiencies are shown in the photos appearing in Figure 5.  

	Table 3.  Summary of O&M Service Code Assignments

	O&M Code
	Number of Pipelines
	Percent of Pipelines

	5
	19
	6%

	4
	62
	20%

	3
	61
	20%

	2
	159
	53%

	1
	2
	1%

	Totals
	303
	100%


*  Lines with infiltration are included in the O&M totals.  
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Figure 5.  Sewers with O&M Defects

In total, InfraMetrix conservatively recommended 116 pipes (38% of lines inspected) totaling approximately 22,900 feet for cleaning and CCTV inspection.  FST opted not to include all the lines recommended by InfraMetrix, resulting in a final clean and CCTV contract of approximately 15,000 feet.  FST did not include lines adjacent to lines with active infiltration.  FST did not feel that they would gain any additional infiltration information by CCTV inspecting these lines.  Additionally, the lines recommended by InfraMetrix with high O&M codes were not CCTV inspected.  Instead FST recommended to the Town that these lines be cleaned and CCTV inspected as part of the rehabilitation program.  For those lines that could not be zoomed, FST included them in the CCTV contract.  Lines that were not recommended by InfraMetrix for further cleaning and CCTV inspection were in generally good operational condition.  These lines should be monitored and incorporated into future preventative maintenance programs.  

Using the GIS, InfraMetrix created maps, which were forwarded to FST that highlighted the lines recommended for CCTV inspection.  FST subsequently revised the maps to reflect the deletion of portions of the recommended CCTV work.  FST provided the revised maps to the CCTV crew for field reference. 

Although full zooming of manholes was not included as part of this project, 118 manholes of the 314 observed, approximately 37%, had active infiltration.   Table 4 summarizes the manhole findings showing that 10% of the manholes observed had significant infiltration categorized by runners and gushers.  Recommendations were made to follow-up with additional inspection and rehabilitation work.  

	Table 4.  Summary of Infiltration Manhole Code Assignments

	Infiltration Code
	Number of Manholes
	Percent of Manholes

	Gusher
	11
	4%

	Runner
	20
	6%

	Dripper
	17
	5%

	Weeper
	70
	22%

	Totals
	118
	37%


Benefits of Zoom Inspection

Zooming has a number of benefits that makes it a successful investigation tool.  When zooming a line, impact to traffic is minimal.  A typical inspection in the road takes 15-20 minutes from setup to breakdown.  Manhole entry is not required during zooming because the camera is lowered and raised by the operator via remote control.  As a result, workers are not exposed to sewer gases or required to set up labor intensive tripod systems for each inspection.  Because the CUES-IMX camera does not travel up the pipe like conventional CCTV camera systems, flow control and cleaning are not required.  By viewing the pipe prior to any cleaning efforts, the Town gained a more accurate as-is O&M condition assessment of the pipes prior to washing all the “evidence” away.  

The cost of zooming approximately 60,000 feet of sewer and quickly investigating 314 manholes was approximately $60,000.  On average, zooming costs less than half the cost of cleaning and CCTV inspection.  Typically only 20-30% of a sewer system requires cleaning and maintenance and less than 5% requires immediate improvements to address structural defects.  The Town was able to save money as a result of performing follow-up cleaning and CCTV inspection of only 15,000 feet of sewer, as opposed to the entire 60,000 feet that was zoomed, resulting in a cost savings of approximately $50,000.  This cost-effective allocation of resources freed up funds rather than spending them on unnecessary, time-consuming inspection and cleaning.  Based on the zoom documented O&M issues, the Town has unrealized cost savings associated with potential insurance claims that would result from future backups and overflows if these lines are not cleaned    Minimizing the frequency of backups and overflows would be beneficial to personal health, property and the environment.  How do you put a dollar value on that?  

Zooming also saved a significant amount of time as compared to cleaning and CCTV inspecting the entire project area.  Zooming took approximately 13 days, whereas cleaning and CCTV efforts for 60,000 feet would have likely taken approximately 40-45 days or more to complete.  During the zoom field work, InfraMetrix forwarded interim submittals to FST to expedite the review process for recommending follow-up cleaning and CCTV work.  In addition, zoom inspection of the sewers and manholes were conducted in a single deployment by one crew, eliminating the need to send three crews to the same location, as would have been the case if traditional cleaning, CCTV and manhole inspections were performed.  

Even though the focus of this project was on identifying sources of infiltration in the sewer system, the zoom camera also collected maintenance and structural information that is critical to overall asset management.  Zooming identified numerous maintenance issues including major debris and grease build-up as well as a few structural breaks that could be potential sources of sewer back-ups and overflows if not properly addressed.  In addition, zooming also identified some major sources of infiltration in the manholes.  This data and the video clips, which can be linked to a GIS system, allow for a history of the system that is beneficial when prioritizing future rehabilitation, replacement and maintenance projects.  

Conclusions

InfraMetrix zoom technology was a very beneficial tool for this project.  Instead of following the conventional method of using CCTV to inspect all the lines in the small areas with high infiltration, zoom quickly and cost effectively screened all the pipes so as to minimize the length of pipe for follow-up inspection.  From the reports provided by InfraMetrix, FST quickly decided which lines needed further CCTV inspection.  FST chose to CCTV inspect the lines that could not be inspected via InfraMetrix along with those lines identified with active infiltration and structural defects. 

In addition to the infiltration data collected with the zoom technology, information relating to O&M issues and manhole defects was obtained which was relayed to the Town for rehabilitation.  Using the zoom technology as a screening tool to narrow down lines to be CCTV inspected shaved approximately 15 days or 40% off the time it took to inspect the pipes and saved the Town approximately $50,000 or 30% in direct costs.  Future projects to reduce the infiltration identified during the zooming will provide additional capacity in the system and reduce flows to the Town’s pump stations and the Upper Blackstone Treatment Facility.  By identifying lines with O&M issues, the Town can focus their efforts on cleaning these lines to minimize backups and overflows that can lead to costly cleanups, and environmental and health issues.  The combination of the zoom technology followed by CCTV inspection provides an innovative approach to addressing traditional sewer investigation and assessment.
To Zoom or Not to Zoom 
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