


CITY OF FORT WAYNE MASTER 		    	                                                UPDATED: 11/2/17
SECTION 33 01 30.73
PIPE REHABILITATION BY CURED IN PLACE PIPE LINING
GENERAL
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]DESCRIPTION
Scope:
1. Contractor shall repair designated defective sewer segments with cured-in-place pipe (CIPP) as specified herein and as depicted on the accompanying project maps.  The CIPP shall provide a flow capacity equal to or greater than 100% of the original pipe’s flow capacity when new.
General Pipe Liner Materials, Testing, and Process Requirements:
The proposed pipe lining materials shall be suitable for use in the environment and conditions of this project. 
The product shall not be made of a dark or non-reflective material that would inhibit proper closed circuit TV inspection. The hue of color shall be dark enough to distinguish a contrast between the fully resin-saturated felt fabric and dry or resin-lean areas.
Sizing: The felt fiber tube shall be fabricated to a size that when installed shall neatly fit the internal circumference of the conduit. Allowance for circumferential stretching during insertion shall be made as per manufacturer's standards. The Contractor is responsible for determining the actual diameter of the segments to be lined.   If the size of sewer found in the field is different than shown on the drawings, the Owner shall be notified immediately.  This shall also be noted in Final List of Lined and Un-Linable Segments Submittal.  Along with this submittal shall be the reason why the pipe was not lined and the distance from the structure where the defect occurred.
The installed liner shall provide a hydraulic flow equal to, or greater than, the original sewer capacity when new.
Length: The length shall be that deemed necessary by Contractor to effectively carry out the insertion from inlet to outlet points.
Contractor shall verify the lengths in the field. Individual installation runs may be made over one or more access points as determined in the field by Contractor and approved by Engineer.
The material shall be manufactured in such a manner as to result in a tight-fitting, continuous liner after installation. There shall be no measurable annular space. The liner shall have a snug fit at sewer lateral connections and manhole terminations, as shall be evidenced by indentations and flares, respectively.
Contractor shall warrant and indemnify Owner against all claims for patent infringement and any loss thereof.
The Contractor shall monitor the by-products of the lining operation and notify the City of any levels that could cause detriment to the surroundings or wastewater treatment plant.

NTS: If the project uses a different process, such as UV curing, update the following specification.

Intent
It is the intent of this portion of this Specification to provide for rehabilitating pipelines by the installation of a resin impregnated flexible felt tube in all segments as listed on the accompanying maps.  The tube shall consist of one or more layers of absorbent fabric capable of carrying resin, capable of withstanding installation pressures and curing temperatures and to have sufficient strength to bridge missing pipe segments.  The tube shall be compatible with the resin system used.  The tube material shall be able to stretch to fit irregular pipe sections and negotiate bends.  The outside layer of the tube shall be plastic coated with a material compatible with the resin system used.  The tube shall be saturated with a thermosetting resin and installed into the existing pipeline. Curing shall be accomplished by circulating hot water or steam to cure the resin into a hard impermeable CIPP.  When cured, the CIPP should extend from end-to-end of the segment in a continuous tight fitting, watertight pipe-within-a-pipe.  
NTS: Update year of prequalification.  Update size of sewer package.  Update pre-qualified contractors approved under the current year.
Pre-Qualified Contractors
The following companies are pre-qualified under the 2015-2017 Request for Qualifications for construction of Small Diameter CIPP:  SAK Construction, Insituform Technologies, Miller Pipeline Corp., Inland Waters Pollution Control Inc., and Layne Inliner.  Only these pre-qualified contractors shall be allowed to bid this project.
Resident Superintendent
The Contractor shall keep on the work site at all times during its progress a competent resident superintendent, who shall not be replaced without prior written notice to the Owner and Engineer except under extraordinary circumstances.  The superintendent shall be the Contractor’s representative at the site and shall have authority to act on behalf of the Contractor.  All communications given to or issued by the superintendent shall be as binding as if given to or issued by the Contractor.  The Contractor shall provide appropriate information so that the Owner and Engineer can contact the superintendent at all times during the construction period.
NTS: Update the sections related to the CIPP work for this specific project.
Related Sections:
Section 03 00 05, Concrete. 
Section 05 56 00, Metal Castings.
Section 31 00 05, Trenching and Earthwork. 
Section 33 31 00, Sanitary Sewer Piping Installation.

NTS: Update and add each size of CIPP used on the project.

MEASUREMENT AND PAYMENT
Cured in Place Pipe (CIPP)
Work Item Number and Title
	33 01 30.73-A  (--1--)” CIPP
	33 01 30.73-B  (--2--)” CIPP
	33 01 30.73-C  (--3--)” CIPP
Payment under this Item shall be unit price and shall be for the actual linear footage of CIPP installed in the field, and shall be measured between the interior faces of the manholes.
The unit price for rehabilitating the sewer main in the manner described shall be full compensation for all materials, labor, equipment, tools, accessories, transportation, and technical competence.  Payment shall also include the cost for sealing the CIPP at the manholes. Any item not specified shall be considered incidental to the work.  Contractor shall include all incidental costs in the unit price for the pipe installation.
All costs for verifying the existing diameter of the sewer main(s) to be rehabilitated, as well as the existing distance between the manholes located on the sewer main to be rehabilitated, shall be included in the cost for the CIPP.
All costs for testing the materials, and both the CIPP and the sewer lateral connections shall be included in the cost of the CIPP.  The Contractor shall supply the Owner with a copy of results of all tests taken.
All costs for determining the “or equal” status of any resin to be used in the process shall be included in the cost of the CIPP.
All costs incurred due to excavation required to install the liner shall be included in the cost for the CIPP.  
These work items shall include all costs to complete all work necessary for the cleaning of the existing sewer lines.  The Contractor shall furnish and operate all necessary labor, materials, equipment, tools, accessories, transportation, and technical competence for performing all operations required to professionally execute the internal cleaning prior to rehabilitation and television inspection immediately prior to and following rehabilitation of the sewer system in strict accordance with the Contract Documents and subject to the terms and conditions of this Contract.  The areas to be cleaned and televised shall include all portions of the sewer system to be rehabilitated under this Contract.  

NTS: Update the letter associated with the bid item under B, C, and D. Delete any Work Items that do not apply under B, C, and D.  If a Large Diameter project has significant bypass pumping, add a Work Item.  Small and Medium Diameter projects normally do not have a separate line item for bypass pumping.

Lateral Reinstatement
Work Item Number and Title
	33 01 30.73-(--1--)  Lateral/Manhole Reinstatement
Payment under this Item shall be a unit price per sewer lateral connection that is reinstated.
Under this Item the Contractor shall provide all equipment, material and labor for active sewer lateral connection reinstatement. It shall be the Contractor’s responsibility to field locate all existing sewer lateral connections, including those that go to unoccupied or abandoned buildings or houses or vacant lots.
Protruding Lateral Removal
Work Item Number and Title
	33 01 30.73-(--2--)  Protruding Lateral Removal
Payment under this Item shall be a unit price per protruding lateral cleared and removed.  
Catchbasin Hood Removal and Replacement
Work Item Number and Title
	33 01 30.73-(--3--) Catchbasin Hood Removal and Replacement
Payment under this Item shall be a unit price per catchbasin hood removal and replacement.
Hood shall be removed at a joint inside the catchbasin or removed using a saw to create a clean connection joint.
A new hood shall be installed to the existing pipe or new liner after the lining has been completed.  See detail for additional information.
Manhole Locating, Uncovering, and Possible Reburial
Work Item Number and Title
	33 01 30.73-(--4--)  Manhole Locating and Uncovering Allowance
Payment for cash allowance shall be made on a lump sum basis.
Under this Item the Contractor shall provide all equipment, material and labor for locating manholes and raising the frame to grade in accordance with this specification.
At the completion of the Contract, all remaining funds for this Item will be deducted from the total contract price by means of a Change Order.  This Item Allowance shall not be used unless approved by the Owner in writing.  All work under this Item shall be performed by the Contractor’s own forces to the greatest extent possible.  When work is required under this Item, the Owner, or authorized Representative, will request a proposal for the work from the Contractor.
REFERENCES 
Standards referenced in this Section are listed below:
ASTM International.
ASTM D638, Standard Test Method for Tensile Properties of Plastics.
ASTM D790, Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials.
ASTM F1216, Standard Practice for Rehabilitation of Existing Pipelines and Conduits by the Inversion and Curing of a Resin-Impregnated Tube.
ASTM F1417, Standard Practice for Installation Acceptance of Plastic Non-Pressure Sewer Lines Using Low-Pressure Air.
ASTM F1743, Standard Practice for Rehabilitation of Existing Pipelines and Conduits by Pulled-in-Place Installation of Cured-in-Place Thermosetting Resin Pipe (CIPP).
DELIVERY, STORAGE, AND HANDLING 
Contractor shall use all means necessary to protect sewer-lining material during transportation, before, during, and after installation and to protect the installed work and materials of all other trades.
In the event the liner material is damaged, Contractor shall immediately make all repairs or replacements necessary to the approval of the Engineer, at no additional cost to the Owner.
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
SUBMITTALS
Action Submittals: Submit the following:
[bookmark: _Hlk17900421]Product Data
ASTM Compliance, Liner QC Tests, Felt Tube Liner Physical Data
Resin Test Results, and Physical Data 
Shop Drawings
CIPP Liner Thickness Calculations– Engineer shall be notified if Contractor’s calculations show a thicker liner needed than specified in the project manual.
[bookmark: _Hlk6323768]Samples (NOT USED) 
Delegated Design Submittal (NOT USED)
[bookmark: _Hlk6320502]Informational Submittals: Submit the following: 
[bookmark: _Hlk6319657][bookmark: _Hlk6313178][bookmark: _Hlk6310806][bookmark: _Hlk6313650][bookmark: _Hlk6320717][bookmark: _Hlk6321626]Certificates (NOT USED)
[bookmark: _Hlk6317248][bookmark: _Hlk6323475][bookmark: _Hlk6320086][bookmark: _Hlk6319183]Test and Evaluation Reports
Testing Laboratory and Proposed Testing Procedures
[bookmark: _Hlk6323277]Manufacturers’ Instructions (NOT USED)
[bookmark: _Hlk6320740]Source Quality Control Submittals (NOT USED)
[bookmark: _Hlk6310816]Field Quality Control Submittals (NOT USED)
[bookmark: _Hlk6311593][bookmark: _Hlk6311204]Qualifications Statements 
CIPP Liners shall come from a manufacturer with at least 5 years’ experience producing CIPP liners with satisfactory results. 
Manufacturer Reports (NOT USED)
[bookmark: _Hlk6321356][bookmark: _Hlk6314074][bookmark: _Hlk6321898]Sustainable Design Submittals (NOT USED)
Special Procedure Submittals
Bypass Pumping Plan (if larger than a trash pump)
Customer Notification Plan 
Pre-Installation Internal Pipe Televising Tabular Sheets (with videos submitted separately)
Post-Installation Internal Pipe Televising Tabular Sheets (with videos submitted separately)
[bookmark: _Hlk1640766]Closeout Submittals. Submit the following:
[bookmark: _Hlk6312820][bookmark: _Hlk6311857][bookmark: _Hlk6317263]Operation and Maintenance Data (NOT USED)
[bookmark: _Hlk6320793][bookmark: _Hlk6312478]Record Documentation
Testing Reports of CIPP Samples.  All CIPP samples shall have manhole ID numbers and pipe size associated with each sample.
Final List of Lined and Un-Lineable Segments – PDF submitted through PMIS and Excel Version sent digitally.
[bookmark: _Hlk6312836][bookmark: _Hlk6314834][bookmark: _Hlk6319041]Training Material (NOT USED)
[bookmark: _Hlk6316855]Warranty Documentation (NOT USED)
[bookmark: _Hlk6321074]Software (NOT USED)
[bookmark: _Hlk6312846]Bonds (NOT USED)
[bookmark: _Hlk6311873]Maintenance Contracts (NOT USED)
1. [bookmark: _Hlk6314860]Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. Submit the following:
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)
PRODUCTS
STRUCTURAL REQUIREMENTS
General: It is the intent of this Specification to provide for rehabilitating pipelines by the installation of a resin impregnated flexible felt tube (cured in place pipe). The design life of the cured in place liner shall be a minimum of 50 years.  The felt tube shall be saturated with a thermosetting resin and installed into the existing pipeline. Curing shall be accomplished by circulating hot water or steam to cure the resin into a hard, impermeable pipe. When cured, the cured-in-place pipe shall extend from manhole to manhole in a continuous, tight fitting, watertight manner.
General Design Criteria: The newly installed liner shall have a finished thickness as shown in this project manual, and shall have a design life for a minimum fifty-year service life under continuous loading conditions. The liner was designed according to ASTM F‑1216 and ASTM F 1743 latest revisions. For use in determining liner thickness, the long-term modulus of elasticity shall be no greater than 50 percent of the short-term modulus of elasticity.
Design of the liner was based on the condition of the existing pipe, which was classified as fully deteriorated pipe, is structurally unsound, suffering from severe cracks, missing sections, or other defects. The liner was designed to withstand all imposed loads.   
The liner has sufficient wall thickness to withstand the anticipated external pressures and loads that will be imposed after installation. The design of the liner included considerations for ring bending, deflection, combined loading, buckling, and ovality.  If after the cleaning and televising portion of the project, the Contractor believes the thickness’ shown, do not reflect the actual condition of the existing pipe, the Owner is to be notified at once.  The Owner may then request design thickness calculations from Contractor.
NTS: If the design parameters show more than 10 feet of groundwater above the invert of the host pipe, then adjust design calculations and this specification.
Design was based on the use of standard flexible pipe equations, as detailed in ASTM F-1216, latest revision, and accounted for the effects of ovality.  A safety factor of at least 2 was utilitized.  Other design criteria were used as follows:
Modulus of Soil Reaction: 700 psi maximum
Soil Weight: 120 pounds per cubic foot
Live Load: Highway
Ovality: 2% minimum or determined by the Engineer
Depth of Groundwater above Invert: 10 feet
Short-Term Modulus of Elasticity was reduced by 50% in the calculations
If so directed, Contractor shall furnish, prior to use of the materials, satisfactory written certification of their compliance with the manufacturer's standards for all materials and conformance with methods of the manufacturer's process.
Physical Properties
The cured pipe shall conform to the minimum structural standards, as listed below:
            Cured Pipe 			  Standard 			Results            
                         Tensile Stress			  ASTM D-638		3,000 psi
            Flexural Stress			  ASTM D-790		4,500 psi
            Modulus of Elasticity	  ASTM D-790		250,000 psi

LINER MATERIALS
At the time of manufacture, each lot of liner shall be inspected for defects and tested in accordance with applicable and latest ASTM standards. At the time of delivery, the liner shall be homogeneous throughout, uniform in color, free of cracks, holes, foreign materials, blisters, or deleterious faults.  Materials shall be shipped, stored and handled in a manner consistent with written recommendations of the CIPP system manufacture to avoid damage.  Damage includes, but is not limited to, gouging, abrasion, flattening, cutting, puncturing or ultra-violet (UV) degradation.  All damaged materials shall be promptly removed from the project site at the Contractor’s expense and disposed of in accordance with all current agency regulations.
For testing purposes, a production lot shall consist of all liner material having the same marking number. It shall include any and all items produced during any given work shift and must be so identified as opposed to previous or ensuing production.
The Engineer may at any time direct the manufacturer to obtain compound samples and prepare test specimens in accordance with applicable and latest ASTM standards.
The fiber felt tubing, including the polyurethane or poly-vinyl chloride covered felt and the thermosetting resin shall meet the latest ASTM and manufacturer's standards.  The felt content shall ensure cured thickness of liner as required by design calculations.  Thickness of cured liner shall not include thickness of polyurethane inner liner.  Reinforcing material shall be needle interlocked polyester felt, or an approved equivalent non-woven material, or combination of non-woven and woven materials compatible with the resin system.
NTS: Review the project to ensure polyester or vinylester resins are the best design.  Revise the specification if another resin or UV curing is needed.  Also, if storm sewer applications are used, the styrene can affect the downstream waters.  Each circumstance should be reviewed and the specification adjusted if needed.
The cured-in-place pipe system shall utilize polyester or vinylester thermosetting resins, which shall withstand the corrosive effect of the existing residential, commercial, and industrial effluents, liquids and/or gases.  Resins shall be general chemical purpose, styrene based, unsaturated, thermosetting resin and catalyst system.  Epoxy resin and hardener may be required by Contractor if conditions are deemed to warrant their use.
EXECUTION
MANHOLE LOCATING AND UNCOVERING
The Contractor shall furnish all labor, materials, tools, and equipment, both permanent and temporary, to perform the locating and uncovering of manhole structures.
When work is required under this item, the Owner, or authorized Representative, will request a proposal for work from the Contractor.
All work under this item shall be performed by the Contractor’s own forces to the greatest extent possible.
The Contractor is responsible for contacting and coordinating with the homeowner if excavation will be needed in private property.
The Contractor is responsible for all utility locates and all necessary precautions needed during a normal excavation site.
SEWER CLEANING
Prior to installation of the liner, Contractor shall clean the sewer, including removal of roots and deposits, to be lined. Cleaning operations shall remove minimally ninety-five percent (95%) of the grease, sand, silt, rags, debris, mineral deposits, etc. from each segment, including manholes. The Contractor shall clean the sewer with hydraulically propelled, high velocity jet or mechanically powered equipment. Selection of the equipment shall be based on the conditions and/or material of lines at the time that work commences. The equipment and methods selected shall be satisfactory to Engineer and shall be capable of removing dirt, grease, rocks, sand, and other material and obstructions from the sewer line.  Any damage to public or private property as a result of high sewer cleaning pressures shall be the responsibility of the Contractor to correct, repair, clean, or compensate the owner.
Pipe Damage Preventing Cleaning Operation
Contractor shall recognize that there are some conditions such as broken pipe and major blockages that prevent cleaning from being accomplished or where damage would result if cleaning were attempted or continued.  Should such conditions be encountered, Contractor shall immediately notify Engineer.  If in the course of cleaning operations, damage does result from preexisting and unforeseen conditions such as broken pipe, Contractor shall not be held responsible.  Engineer shall be notified of any conditions that warrant termination of cleaning activities.
Contractor shall take satisfactory precautions to prevent damage to the existing pipe and to homes with laterals on the sewer main being cleaned.  Contractor shall be responsible for repair of damage that results from a lack of standard industry precautions taken during sewer cleaning operations, at no extra costs to the Owner.  Contractor shall immediately notify Owner and Engineer of any damage to homes or other private property due to sewer cleaning operations.
Equipment for Sewer Segment Cleaning
Hydraulically Propelled Equipment:  The equipment used shall be movable dam type and be constructed in such a way that a portion of the dam may be collapsed at any time during the cleaning operation to protect against flooding of the sewer.  The movable dam shall be equal in diameter to the pipe being cleaned and shall provide a flexible scraper around the outer periphery to insure removal of grease.  If sewer cleaning balls or other equipment, which cannot be collapsed, are used, special precautions to prevent flooding of the sewers and public or private property shall be taken.
High-Velocity Jet Equipment:  All high-velocity sewer cleaning equipment shall be constructed for ease and safety of operation.  The equipment shall have a selection of two (2) or more high-velocity nozzles.  The nozzles shall be capable of producing a scouring action from fifteen (15) to forty-five (45) degrees in all size lines designated to be cleaned.  Equipment shall also include a high-velocity gun for washing and scouring manhole walls and floor.  The gun shall be capable of producing flows from a fine spray to a solid stream.  The equipment shall carry its own water tank, auxiliary engines, pumps, and hydraulically driven hose reel.
Mechanically Powered Equipment:  Bucket machines shall be in pairs with sufficient power to perform the work in an efficient manner.  Machines shall be belt operated or have an overload device.  Machines with direct drive that could cause damage to the pipe shall not be allowed.  A power rodding machine shall be either a sectional or continuous rod type capable of holding a minimum of 750 feet of rod.  The rod shall be specifically heat-treated steel.  To ensure safe operation, the machine shall be fully enclosed and have an automatic safety clutch or relief valve.
To accomplish cleaning activities, Contractor shall use only such equipment as is mentioned in this specification.  Alternate equipment and/or methods shall not be permitted without the express written consent of the Engineer.  Accuracy of equipment and operating method for cleaning shall be judged by the results obtained.  There are not restrictions on types and use of machines involved.
When hydraulic or high-velocity cleaning equipment is used, a suitable sand trap, weir, or dam shall be constructed in the downstream manhole in such a manner that all solids and debris are trapped and removed thereby preventing such material from passing into the next sewer reach.
Contractor shall be responsible for all costs associated with providing water for hydraulic cleaning equipment.  All charges for obtaining water shall be considered incidental to the cleaning of the sewer segments.  Prior to commencement of the work, Contractor shall submit to Resident Project Representative evidence that he/she has made appropriate water usage and payment arrangements with the Fort Wayne Water Utility.  
When the Contractor encounters an obstruction that normally cannot be cleaned with equipment indicated above, Contractor shall indicate the location in his field log.  Acceptability shall be based on Engineer’s review of the video.  It is the intent of these Specifications that pipe walls be clean enough for the camera to discern structural defects, misalignment, and points of infiltration.  A minimum of ninety-five percent (95%) of the debris shall be removed.

NTS: Heavy cleaning is mostly used in the specifications, especially if the sewer hasn’t been televised or reviewed.  Update this specification if the video has been reviewed and looks to be less cleaning.

Heavy Cleaning Defined
Heavy cleaning shall mean mechanical (drag/bucket machines) cleaning or multiple (four or more) passes of hydraulic cleaning equipment through the entire sewer segment (manhole to manhole).   
NASSCO defines heavy cleaning: 
25% debris or more in pipes 12” and under
15% debris or more in pipes 13” to 24”
10% debris or more in pipes 25” or more
NOTE:  It is anticipated that the majority of the sewer cleaning, on this project, will be Heavy Cleaning.
Debris Removal and Disposal
Contractor shall remove all sludge, dirt, rocks, grease, and other solid or semisolid material resulting from the cleaning operation from the downstream manhole of the sewer segment being cleaned.  The Contractor shall ensure no solids are passed downstream to the next pipe section during the cleaning operation.  Contractor shall be responsible for capturing all debris during cleaning operations.  Satisfactory precautions shall be taken to protect the sewer segments and appurtenances from damage that might be inflicted upon them by any debris passing downstream.  Such precautions, a suitable sand trap, weir, dam, or other approved method, shall be constructed in the downstream manhole in such a manner that all solids and debris are trapped and removed, thereby preventing such material from passing downstream.  
In the event that sludge, dirt, sand, rocks, grease, and other solid or semisolid material resulting from the cleaning operation are observed and/or detected by Engineer as passing to downstream sewer segments, Contractor shall clean such sewer segment(s) at no additional cost to Owner upon written notice from Engineer. Any damage inflicted upon a sewer segment and appurtenances or other public or private property that is caused by debris passing downstream shall be repaired by the Contractor at no additional cost to the Owner.
When the bucket machines are being used, a suitable container shall be provided to receive the materials dumped from the buckets.
Contractor, at their discretion, may use an INDOT approved covered container (roll off) for the storage of debris removed from the line segments.  All material resulting from the cleaning operations shall be removed from the site when the container has reached three-fourths (3/4) of its volume, or at least once each working day and disposed of at the permitted disposal site.
Contractor shall submit a plan for disposal to Engineer for approval prior to beginning the work.  Debris, silt, and solids removed shall be disposed at the City of Fort Wayne’s Bio-solids Handling Facility located at 5510 Lake Avenue, or other designated site by the Owner.  All debris, silt and solids removed by Contractor shall be disposed by Contractor in accordance with all appropriate codes, rules, and regulations for the handling and disposal of such materials and shall be removed from the sewer prior to beginning the televised inspection.  Under no circumstances shall the removed sewage or solids be dumped onto streets or into ditches, catch basins, storm drains, sanitary or combined sewer manholes, or otherwise improperly disposed.
Improper disposal of sewage or solids removed from the sewers may subject Contractor to fines imposed by the responsible regulatory agency and/or the City.  In addition, Contractor may be subject to civil and/or criminal penalties for improper disposal under the law.
Root Removal
Roots shall be removed in the designated sections where root intrusion is a problem.  Special attention shall be used during the cleaning operation to assure almost complete removal of roots from the joints.  Procedures may include the use of mechanical equipment such as rodding machines, bucket machines and winches using root cutters and porcupines, and equipment such as high-velocity jet cleaners.  Chemical root treatment may be used at the option of Contractor, however, the use of such treatment must allow for a root removal rate that allows the Contractor to complete all work within the required time for completion.
Calcium Removal
In areas where calcium-build up is a major problem, the deposits shall be ground down to at least 1 inch in 8 to 12 inch diameter sewers and down to 1½-2 inches in sewers greater than 12-inch diameter sewers.
Manhole Entry Protection
Contractor shall not enter into any sewer segment where hazardous conditions may exist until such time as the source of those conditions is identified and eliminated.  Contractor shall coordinate his/her work with local fire and police rescue units.
Contractor shall follow all local, state, and federal guidelines to provide safety when entering manholes or working around the sewer locations.
NOTIFICATION AND COOPERATION WITH CUSTOMERS
The Contractor shall notify any affected property owner/resident at least 48 hours, and not more than 96 hours, prior to installation of the liner and/or any repair of sewer laterals.  The notice shall explain what the Contractor is doing and inform property owner/resident to limit his/her water usage on the appropriate date of work.  The notice shall also include an approximate time that installation is expected to begin.  The Contractor shall furnish the Owner with a letter explaining the process to affected property owners/residents at least two (2) weeks before work is started for review and approval. After installation of the liner and reinstatement and/or repair of the sewer lateral connection(s), Contractor shall notify the resident(s) that their lateral(s) is back in service.  If any other construction equipment will disrupt customers, similar notice shall be given.
Care must be taken to avoid excessive disturbance of properties.   Property owners must be notified prior to any work, to allow time for property owners to leash pets.   
The Contractor shall be responsible for responding to all odor complaints that are a result of his/her operation, regardless of distance from the work site.
No work shall be done the day before holidays, or City-designated holidays themselves.
PRE-INSTALLATION INTERNAL PIPE TELEVISING
After cleaning the sewer segment, Contractor shall internally inspect, via Closed Circuit Television (CCTV) inspection, the sewer segment to be lined. The television camera shall be equipped with working pan and tilt capabilities. Personnel conducting the televising inspection shall be experienced in operating a sewer televising camera and analyzing pipe conditions from the video image. All CCTV files shall support Pipeline Assessment Certification Program (PACP) v 7.0. Contractor shall record and upload these inspections, as well as tabular sheets, onto the City of Fort Wayne’s File Transfer Protocol (FTP) site.  The Contractor shall upload all tabular reports daily to the City’s FTP site and all videos each month via the City’s FTP site.  The following naming convention shall be used:
Tabular reports: (Work Order) – (Upstream Manhole) – (Downstream Manhole) – (Pre/Post) Report
Videos: (Work Order) – (Upstream Manhole) – (Downstream Manhole) – (Pre/Post) Video
All Pre-Installation Internal Pipe Televising surveys and tabular sheets shall be in PACP format and include the following:
Sheet number, surveyor’s name (initials), NASSCO certificate number.
Date, time of day, street address, and city.
City of Fort Wayne Manhole ID for upstream and downstream manhole.
Direction, last letter of the PSR, height (diameter), shape of pipe, pipe material, and whether or not the segment was pre-cleaned.
Locations, size, and material of sewer lateral connections and branch sewers into the main line.  Contractor is responsible for looking up each sewer lateral connection and branch sewer.  Sewer lateral connections and branch sewer shall be noted as “Active” or “Capped” in narrative and on field log.
Remaining PACP defect codes.
All televised inspections must be coded using PACP formatting, and compatible with the Pipelogix 6.0 software.   
Video material shall visually display date, pipe section number (manhole number) and distance from upstream manhole with a minimum accuracy of two (2) feet.  The interior of the pipeline shall be carefully inspected to determine the location and extent of any structural failures. The location of any conditions, which may prevent proper installation of cured-in-place pipe into the pipelines, shall be noted so that these conditions can be corrected.
Where a manhole is encountered that does not have a number, the Contractor shall contact Owner for assignment of a new manhole number.  Where an obstruction is encountered and a reverse set up is required, the distance shall be written and noted on the video to clearly denote the manhole from which the measurements were taken.  No additional cost shall be paid for reverse set-ups.  
Video of all sections shall be provided to the Engineer along with the respective television inspection logs.  CCTV field logs shall legibly show the location of each point of significance in relation to an identified manhole.  Points of significance include, but are not limited to the following:  private sewer lateral connections, unusual conditions, roots, storm sewer connections, broken pipe, presence of scale and corrosion, structural failures, and other discernible features.  If a pipe cannot be lined because of a defect, a video shall be given to the City for their records for future repairs.
Owner shall classify as non-acceptable a significant deviation of a segment’s hydraulic grade of a continuous linear footage of at least ten (10) feet, which impedes the accuracy and/or effectiveness of the internal inspection.  Contractor shall take all necessary measures to televise the internal surface of each segment in its entirety.
The camera utilized for closed circuit televising shall be equipped with remote control devices to adjust the light intensity. The camera shall be equipped with an articulating lens (pan and tilt capabilities) to provide clear views of laterals and other items of importance. The camera shall have a minimum of 1,000 feet of coaxial cable. The camera shall be able to transmit a continuous image to the television monitor as it is being pulled through the sewer segment.
Contractor shall present on CCTV recordings a continuous image of not less than ninety (90%) percent of the internal pipe circumference at all times. Maximum acceptable speed of camera through sewer shall be thirty feet per minute (30 fpm).
Contractor shall be responsible for any damage to public or private property resulting from televising activities and shall repair or otherwise make whole such damage at no cost to Owner.
Contractor shall reference the location and nature of the obstruction and immediately report all obstructions to the Engineer or Owner.
The deterioration of the pipeline is an ongoing process.  Should pre-lining inspections reveal the pipes to be in substantially different conditions than anticipated by the Engineer, the Contractor shall request a change in wall thickness supporting such request with design data in accordance with manufacturer’s standard design policies.
Any questionable lining segments found during the Pre-Installation CCTV shall be submitted to the Engineer for review and recommendation for lining or submittal of a replacement line.  The Contractor shall submit the questionable lining segment through PMIS to the Engineer for review using the Questionable Line Segment Form on PMIS.  If the Contractor is requesting a replacement line, they must submit the QLS within 1 week of the CCTV date.  All QLS lines shall be submitted with the invoice before payment is made.  The last questionable segments submitted shall be no later than 30 days before substantial completion.  If any pipes found to be collapsed, partially collapsed, or in imminent failure, then the Contractor shall notify the Owner and Engineer immediately in writing.
BYPASS PUMPING
Bypassing Flow: Contractor, when required, shall provide for the transfer of flow around the section or sections of pipe designated for cured-in-place pipe.  The bypass shall be made by diversion of the flow at an existing upstream, or higher pressure, access point and directing the flow around the section to be taken from service. At no time shall sewage be allowed to flow on the surface.  Bypass lines and pumps shall be of adequate capacity and size to handle the flow.  The proposed bypassing system shall be set up to allow traffic flow to local business and residents. Contractor shall notify all parties whose sewer laterals will be out of service and shall advise against water usage until service reinstatement has occurred.  Contractor shall submit their plan for flow control to Engineer for approval prior to beginning the work.  Engineer shall approve the proposed bypassing system in advance. Contractor may consider bypass pumping to a sewer system separate from the project.  Record drawings for alternate sewer systems are available for examination in the Department of City Utilities Engineering office, Suite 250 of the Citizens Square Building.
Contractor may drain such water by pipes, chases, fluming, pumping above grade, or other appropriate methods approved by Engineer.  Sewer flows and seepage shall be controlled in such a manner that detrimental effects are completely eliminated.
Contractor shall provide adequate pumping equipment, pneumatic plugs, couplings, suction pipe, discharge pipe, etc. and other facilities to dewater the sewer segment during construction.  Contractor shall furnish all necessary labor and supervision to set up and operate the dewatering system.  Precautions shall be taken to ensure that flow control and dewatering operations will not cause flooding or damage to private properties.  In the event flooding or damage occurs to private properties, Contractor shall immediately notify the Engineer of such damage and shall make provisions to correct such damage at no additional cost to Owner.  Cost of any dewatering that is necessary, shall not be paid for directly, but included in the cost of the CIPP liner.
If bypass pumping is utilized by Contractor to control flows during construction, Contractor shall be responsible for monitoring the bypass pumping operation at all times until work is complete.  Owner shall approve the location of pump(s), force main, discharge point, etc.  
Contractor shall obtain permission from the Engineer to use plugs to interrupt the flow of sewage without bypass pumping.  Contractor’s request shall include the location to be plugged, the anticipated duration, and the frequency that sewer is to be plugged.  Contractor shall not plug any sewer until the Engineer has approved the interruption of flows.
Any backup resulting in the damage of any property shall be the responsibility of the Contractor and shall be paid for by the Contractor at no expense to the Owner.
CLEARING PROTRUDING LATERALS
If the Contractor and Owner determine a protruding lateral must be cleared prior to installation of the liner, it shall be the responsibility of Contractor to clear protruding lateral.  The Contractor shall make a cut (or grind down) so that the lateral is to within one inch (1”) of the inner wall of the sewer segment, unless otherwise instructed by the Owner.  The Contractor shall not use chains or other such devices to fracture or break protruding laterals back to the sewer’s inner wall.  Any damage to the lateral connection outside the main sanitary sewer pipe or to the main sanitary sewer pipe itself, caused by cutting the lateral pipe shall be the responsibility of the Contractor and repaired to the satisfaction of the Engineer and Owner at no additional expense to the Contract.
If clearing a protruding lateral remotely is not possible, Contractor shall consult Owner.  This situation shall be evaluated on a case-by-case basis.
LINE OBSTRUCTIONS
It shall be the responsibility of Contractor to clear the line of obstructions such as solids, protruding branch connections or broken pipe that will prevent the insertion of cured-in-place pipe.  The cost of removal of obstructions shall be included in the cost of cleaning.  If inspection reveals an obstruction that cannot be removed by conventional cleaning equipment, Contractor shall consult Owner.  The obstruction removals shall be evaluated on a case-by-case basis.
INSTALLATION PROCEDURE
General: Each liner shall be subject to inspection by Engineer immediately before it is installed. Defective liner shall be rejected.
Following are general steps required for installation of CIPP liner systems. Specific requirements for temperature, pressure, and time of cure shall be determined by the manufacturer / Contractor and submitted to the Engineer and Owner for review and approval.
“Wet-Out”: Contractor shall designate a location where the uncured resin in the original containers and the un-impregnated felt fiber tube would be vacuum impregnated prior to installation. Contractor shall allow Engineer to inspect the materials and "wet-out" procedure at the cost of the Contractor. A resin and catalyst system compatible with the requirement of this method shall be used. The quantities of the liquid thermosetting materials shall be per manufacturer's standards to provide the lining thickness specified.
Installation of Liner: The wet-out felt fiber tube shall be inserted through an existing manhole or other approved access.  The liner shall be inserted by either of the two following methods:
By means of an inversion process and application of hydrostatic head or air pressure sufficient to fully extend liner to next designated manhole or termination point and firmly into contact with the existing pipe walls.
By pulling or winching liner into place and application of hydrostatic head or air pressure sufficient to expand liner bag and place it firmly into contact with the existing pipe walls.
Tube installation forces or pressures shall be limited so as not to stretch the tube longitudinally by more than five percent (5%) of the original length.
A non-toxic, oil-based lubricant may be used.  The lubricant shall have no detrimental effects on the tube or boiler and pump system, shall not support the growth of bacteria, and shall not adversely affect the fluid to be transported.
Curing: After installation of wet-out felt tube is completed and calibration tube is inserted, Contractor shall supply suitable heat source and water recirculation, or steam equipment. The equipment shall be capable of delivering hot water or steam to the far end of the pipe section through a hose, which has been perforated per manufacturer's recommendations, to uniformly raise the water temperature in the line section above the temperature required to effect a cure of the resin. This temperature shall be determined by the resin/catalyst system employed.  The manufacturer’s standards shall be closely followed during the elevated curing temperatures so as not to over-stress the felt fiber and cause damage or failure prior to cure.  It is the responsibility of the Contractor to determine if steam or water curing would be the appropriate curing application.  No extra payment will be paid during construction if changing the curing technique is necessary.
The heat source shall be fitted with suitable monitors to gauge the temperature of the incoming and outgoing heat exchanger circulating water. Thermocouples shall be placed between the impregnated tube and the invert at the far access point to determine the temperature and time of exotherm. Water temperature in the pipeline during the cure period shall not be less than 150F or more than 200F as measured at the heat exchanger return line, unless the liner manufacturer states otherwise.
Initial cure shall be deemed complete when inspection of the exposed portions of cured-in-place pipe appears to be hard and sound and the thermocouples indicate that an exotherm has occurred. The cure period shall be of a duration recommended by the resin manufacturer, as modified for the cured-in-place pipe process being used, during which time the recirculation of the water and cycling of the heat exchanger shall be maintained to ensure proper temperature.  After initial cure is reached, the temperature shall be raised to the post-cure temperature recommended by the resin manufacturer.  The post-cure temperature shall be held for a period as recommended by the resin manufacturer during which recirculation of the water and cycling of the heat exchanger to maintain the temperature shall continue.  The curing of the CIPP must take into account the existing pipe material, the resin system, and ground conditions (temperature, moisture level, and the final conductivity of the soil).  
Cool Down: Contractor shall cool the finished cured-in-place pipe to a temperature below 70F before relieving the static head in the inversion standpipe. Cool down may be accomplished by the introduction of cool water into the standpipe to replace water being drained from the downstream end. Care shall be taken so as to cool down the CIPP in a controlled manner as recommended by the resin manufacturer. Care shall be taken in the release of the static head such that a vacuum will not be developed that could damage the newly installed cured-in-place pipe.
For storm sewer applications, no cure water shall be allowed to flow downstream.  Appropriate measures shall be taken at the downstream end to catch all cure water or pumping shall be used.  If pumps are used to discharge to a nearby sanitary sewer, the Owner shall approve all measures and flows discharged.  All discharging to sanitary sewers shall be completed in a low-flow time to avoid surcharging the sanitary system.
For pulled-in-place installation techniques where the inflation bladder is designed to not bond to the CIPP, all portions of the bladder material shall be removed from the installation.
Finish: The finished cured-in-place pipe shall be continuous over the entire length of the insertion run and be as free as commercially practicable from significant defects. Any defects which will affect, in the foreseeable future, the warranty period, the integrity or strength of cured-in-place pipe, and the flow capacity of the pipe shall be repaired at Contractor’s expense, in a manner mutually agreed by Owner and Contractor.
Sealing the Ends: If the CIPP does not fit tightly against the original pipe at its termination point(s), the space between the pipes shall be sealed by filling with a resin mixture compatible with the CIPP.  If due to broken or misaligned pipe at the access points, cured-in-place pipe fails to make a tight seal, then the Contractor shall apply a seal at that point.  The watertight seal shall be of a resin mixture compatible with the cured-in-place pipe.  This sealing procedure shall be completed before proceeding to the next section of sewer main to be rehabilitated.
The water tightness of cured-in-place pipe shall be gauged while curing and under positive head.
Care must be taken to avoid damage to property.  Damage to public or private property shall be repaired or the respective party shall be compensated.
LATERAL/MANHOLE REINSTATEMENT
It shall be the Contractor's responsibility to determine and to assure that all active laterals are reinstated and connected to the liner.  Any damage to public or private property resulting from an active lateral not reinstated after installation of the CIPP shall be the Contractor’s responsibility to repair.  The Contractor shall repair any damage to the property at no additional cost to the Owner.  The Contractor shall certify to the Owner that they have a minimum of two (2) complete working cutters plus spare key components on the site before each inversion.
Sewer lateral reinstatement shall be completed without excavation, utilizing a remotely controlled cutting device, monitored by a CCTV camera.  Lateral reinstatement shall be completed by utilizing a robotic type device to reinstate the lateral from inside the pipe or by man-entry. Where holes are cut through the liner, they shall be neat and smooth in order to prevent blockage at the sewer lateral connections. Robotically cut-in sewer lateral connections shall be opened to a minimum of 95 percent of the internal diameter and a maximum of 100 percent of the lateral.  The edges of the opening shall not have pipe fragments or liner fragments, which may obstruct flow or snag debris.  Contractor shall be responsible for capturing all debris, such as the “coupon,” created by lateral restoration operations.  Satisfactory precautions shall be taken to protect the sewer segments and appurtenances from damage that might be inflicted upon them by any debris passing downstream.  Precautions, including a suitable sand trap, weir, dam, or other approved method of capture, shall be constructed in the downstream manhole in such a manner that all solids and debris are trapped and removed, thereby preventing such material from passing into the next sewer segment.  Any damage inflicted upon a sewer segment and appurtenances or other public or private property that is caused by debris passing downstream shall be repaired by the Contractor at no additional cost to the Owner.
Reconnecting the existing laterals to the newly lined sewer main shall include all labor, materials, equipment and incidentals including excavation, trench and site restoration, if required.  No additional payment shall be made for excavations for the purpose of sewer lateral reinstatement and the Contractor shall be responsible for all costs associated with such excavation and restoration work.
In the event the Contractor makes a lateral reinstatement which is not at a lateral, the Contractor shall make a point repair by excavation, or shall apply an approved internal patch, to repair the cut-in hole so infiltration does not enter the pipe at that location and the structural integrity of the liner is not compromised. The Contractor shall make the necessary repairs at no cost to the Owner
Contractor shall reconnect all active laterals within 24 hours of the installation of the CIPP liner.  If Contractor is unable to reconnect an active sewer lateral connection within 24 hours, the Contractor shall make appropriate arrangements for the resident.  The Owner and Engineer shall be notified immediately of the situation and informed of arrangements proposed by the Contractor for the residents.  Arrangements shall be at no additional expense to the Owner.
TESTING
All testing shall be the responsibility of and at the expense of the Contractor. The laboratory selected by the Contractor shall be subjected to approval by the Engineer, and submitted not later than the pre-construction conference.  All test results shall be submitted to the Owner within four (4) weeks of completion of installation of each inversion length of CIPP liner.  Owner may elect to have Contractor take additional samples and send the samples to a designated laboratory selected by the Owner.  Owner shall not release payment for CIPP liner segment until receipt of satisfactory test results.
For each CIPP inversion installation completed by the Contractor, a CIPP sample (or more if Owner chooses to test samples independently) shall be cut from an intermediate manhole that has been properly restrained or at the termination point that has been inverted through a like diameter pipe which has been held in place by a suitable heat sink, such as sandbags.  Plate sampling shall be an acceptable method for obtaining test specimens. The sample shall be large enough and properly shaped to provide a minimum of five (5) specimens for flexural and tensile testing, if applicable, unless approved by the Engineer.  The full CIPP sample wall thickness shall be tested whenever possible.  If the sample is irregular, distorted, or of such thickness that proper testing is inhibited, then the wall thickness shall be machined away from the inside pipe face of the sample only.  Thus, the test specimen shall be cut from the outside pipe face of the CIPP sample.  For specimens greater than ½ inch depth, the width-to-width ratio of the specimen shall be increased to a minimum of 1:1 and shall not exceed 4:1.  Test specimen shall be oriented on the testing machine with the interior surface of the CIPP in tension.  The following test procedures shall be followed after the sample is cured and removed:
Flexural Properties:  The initial tangent modulus of elasticity and flexural stress shall be measured for gravity and pressure pipe applications in accordance with ASTM D790, Test Method I, Procedure A.
Tensile Properties:  The tensile strength shall be measured for pressure pipe applications in accordance with ASTM D638.
Gravity Pipe Leakage Testing:  Leakage testing of the CIPP shall be conducted during cure while under hydrostatic pressure.  For CIPP products in which the pipe wall is cured while not in direct contact with the pressurizing fluid (i.e. a removable bladder is used) the CIPP must be leakage tested in accordance with ASTM F 1417.
Thickness: Test results showing thickness of finished liner shall be shown.
Should test results return unacceptable, do not meet Contract requirements, or do not meet Manufacturer’s specifications, Contractor shall, at no additional cost to the Owner, provide additional samples from “inside” of the pipe to submit for additional testing.  After removal of samples, Contractor shall apply an Owner approved repair to spot where samples were removed.    All Test results shall show the Upstream and Downstream Structure ID#, of the sewer segment, where the test was taken.
Delamination Test:  For pulled-in-place CIPP products where the inflation bladder remains a permanent part of the finished CIPP product, a delamination test shall be performed on each installation length.  The sample shall be fabricated from material taken from the tube and the resin/catalyst system used and cured in a clamped mold placed in the down tube.  A portion of the inflation bladder material in the sample should be dry and isolated from the resin in order to separate tube layers for testing.  Delamination testing shall be in accordance with ASTM D903 with the following exceptions:
The rate of travel of the power-actuated grip shall be one (1) inch per minute.
Five test specimens shall be tested for each inversion specified.
The thickness of the test specimen shall not only be minimized, but also shall be sufficient to adequately test delamination of non-homogeneous CIPP layers.  The peel or stripping strength between any non-homogeneous layers of the CIPP laminate shall be a minimum of ten (10) pounds per inch of width for typical CIPP application.  The liner, when complete, shall conform to the shape of the pipe existing before liner installation.
The Contractor shall correct all defects discovered during the post-installation television inspection before the work under the Contract will be considered for final completion.  After the defects are corrected, the sewer shall be videoed again.  The post-installation television inspection video shall be submitted to the Engineer to review prior to the final completion milestone.
CLEANUP
The Contractor shall flush and clean the lined sewer section, if necessary, to remove all accumulated construction debris, rocks, gravel, sand, silt and other foreign material from the sewer system at or near the closest downstream manhole. Cleaning methods and criteria shall be the same as specified above in this specification. Debris shall not be allowed to pass downstream. If debris does pass downstream, the Contractor shall clean the next sewer segment at no additional cost.  Contractor shall be responsible for any damage to collection system equipment and appurtenances due to debris passing downstream from project site.
POST-INSTALLATION INTERNAL PIPE TELEVISING
All Post-Installation Internal Pipe Televising inspections and tabular sheets shall be in PACP format and include the following:
Sheet number, surveyor’s name (initials), NASSCO certificate number.
Date, time of day, street address, and city.
City of Fort Wayne Manhole ID for upstream and downstream manhole.
Direction, last letter of the PSR, height (diameter), shape of pipe, pipe material, and whether or not the segment was pre-cleaned.
Locations, size, and material of sewer lateral connections and branch sewers into the main line.  Contractor is responsible for looking up each sewer lateral connection and branch sewer.  Sewer lateral connections and branch sewer shall be noted as “Active” or “Capped” in narrative and on field log.
Any lining failures found.
Any miscellaneous items to note.
The Contractor shall televise using PACP formatting and be compatible with the Pipelogix 6.0 software.  
The Contractor, at no additional cost to the Owner, shall correct all defects discovered during the television inspection. After the defects are corrected, the sewer shall be videoed again.
Contractor shall record and upload these inspections, as well as tabular sheets, onto the City of Fort Wayne’s FTP site.  The Contractor shall upload all tabular reports daily to the City’s FTP site and all videos each month via the City’s FTP site.  The following naming convention shall be used:
Tabular reports: (Work Order) – (Upstream Manhole) – (Downstream Manhole) – (Pre/Post) Report
Videos: (Work Order) – (Upstream Manhole) – (Downstream Manhole) – (Pre/Post) Video
The Owner shall not release payment for CIPP liner until satisfactory review of post-installation video has been completed.  All post-CIPP videos shall be submitted with the Contractor’s invoices before payment will be made.  The Owner reserves the right to stop the Contractor from installing CIPP liners if the Contractor has not supplied completed post-installation video and associated paperwork in the proper amount of time.  No additional work days shall be added to the contract should the Owner choose to stop the Contractor from installing additional CIPP liners.
The Contractor shall submit to the Owner a final list of sewer segments lined and sewer segments that were unable to be lined at the end of the construction period.  Said list shall be in in a .xls format, compatible with Microsoft Excel.  This list is crucial for tracking, and shall be submitted through PMIS.  
WORKMANSHIP, TESTING, AND ACCEPTANCE OF THE INSTALLED LINER
The liner shall be continuous over the entire length of the installation run and shall be continuous through intermediate manholes if multiple segments are completed in a single installation run. The liner shall be free of all foreign inclusions, and visual and material defects except those resulting from pre-lined conditions (such conditions shall be brought to the attention of the Engineer prior to lining). There shall be no pits, pinholes, cracks or crazing. The surface shall be smooth and free of waviness throughout the pipe.
The final acceptance of the installed liner shall be based on the Engineer's evaluation of the post-installation inspection utilizing CCTV video prepared by the Contractor, receipt of liner test results, and inspection of the installation site.
During the one (1) year warranty period, any defects that may affect the integrity or strength of the liner shall be repaired at the Contractor's expense, in a manner mutually agreed by the Owner and the Contractor
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