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SECTION 330524
TRENCHLESS SEWER REHABILITATION

PART 1  GENERAL

1.01
RELATED WORK SPECIFIED ELSEWHERE


A.
Measurement and Payment:  Section 012977.


B.
Traffic Maintenance and Protection:  Section 015526.


C.
Earthwork:  Section 310000.

1.02
DESCRIPTION


A.
The Work of this Section consists of operations, equipment, methods and materials necessary to clean, inspect by television, and rehabilitate underground sanitary sewer piping indicated on the Contract Drawings.  Rehabilitation shall be by one of the following methods at the option of the Contractor:

1. Use of a formed-in-place, full length, fold and form PVC pipeliner.

2. Use of a cured-in-place, full length, resin-impregnated tube inverted into the host pipe by means of an hydraulic head.  

3. For connecting lateral sewers:  Use of a cured-in-place, ambient-cured, resin-impregnated tube inverted into the existing lateral at the lateral-main connection from within the main sewer.  The lateral liner system shall be capable of being inserted from the main sewer and inverted in excess of 100 ft. in pipe diameters of four-to-six-inch, requiring only clean-out access at the upstream end of the lateral.  The bladder inversion shall utilize air or water at sufficient pressures that ensure full contact with the lateral being lined. 

1.03
REFERENCES


A.
This specification references the following American Society for Testing and Materials (ASTM) standards and are made a part hereof insofar as they are applicable.

ASTM

DESIGNATION
DESCRIPTION
D 256
Standard Test Methods for Determining the Pendulum Impact Resistance of Notched Specimens of Plastics.

D 638
Standard Test Method for Tensile Properties of Plastics.

D 790
Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics.

D 1784
Standard Specification for Rigid Polyvinyl Chloride (PVC) Compounds and Chlorinated Polyvinyl Chlorinated (CPVC) Compounds.

D 2122
Standard Test Method for Determining Dimensions of Thermoplastic Pipe and Fittings.

D 2152
Standard Test Method for Extrusion Quality using Acetone Emersion.

D 2444
Standard Test Method for Determination of Impact Resistance.

D 3681
Standard Test Method for Chemical Resistance of Reinforced Thermosetting Resin Pipe in a Deflected Condition.

F 1057
Standard Test Method for Extrusion Quality using Heat Reversion.

F1216
Practice for Rehabilitation of Existing Pipelines and Conduits by the Inversion and Curing of a Resin-Impregnated Tube.


Appendices:


X1 - Design Considerations.


X2 - Chemical Resistance Tests.

AWWA DESIGNATION


DESCRIPTION



C-950




Standard for Fiberglass Pressure Pipe.

1.04
SUBMITTALS


A.
Waiver of Submittals:  The “Waiver of Certain Submittal Requirements” in Section 01330 does not apply to this Section.


B.
Shop Drawings:  Details of the lining procedure, lining elements and equipment depicting method of installation.


C.
Product Data:



1.
Manufacturer’s technical data, details, and specifications giving information on material composition, physical properties, and dimensions, including certification by the manufacturer that the materials are immune to corrosion from sewage and products resulting from the biological and chemical conversion of sewage constituents.



2.
Manufacturer’s recommended procedures for handling, storing, and installation of the liner, including reinstatement of lateral service connections.


D.
Design Calculations:



1.
For the rehabilitation of sewers by the inversion and curing of a resin-impregnated tube, submit structural design calculations and specification data sheets listing all parameters used in the liner design and thickness determinations based on Appendix X1 of ASTM F 1216.

4. Calculations shall be prepared under and stamped by a Professional Engineer registered in the State of New York.  Submit P.E. Certification form for all CIPP and Fold-and-Form Liner design data.


E.
Quality Control Submittals:



1.
Test Reports:  Furnish certified test data issued by an independent testing laboratory, demonstrating that the products used comply with the required physical properties.



2.
Workers’ Qualifications Data:




a.
Submit the names and addresses of 3 previous trenchless sewer rehabilitation projects comparable in all ways to this project.  Briefly describe the nature of each project.




b.
Submit a letter certifying that the Supervisor and the Workers doing the liner Work have at least 2 years experience each in installing sewer liners of the type specified.

PART 2  PRODUCTS

2.01
GENERAL MATERIAL REQUIREMENTS


A.
Characteristics:  Designed to meet the following installation conditions:



1.
To match the configuration of the host pipe with a concave dimple appearing at each service connection.



2.
Able to negotiate pipeline bends of 90 degrees without splitting, rupturing or wrinkling of the liner material.



3.
Able to be expanded 25 percent larger than the host pipe diameter without splitting or rupturing of the liner material.



4.
ASTM D 1784 impact resistance equal to 5 or better.



5.
Manufactured with sufficient excess wall thickness to allow the liner to meet or exceed the DR requirements after being expanded during final installation.



6.
Continuously extruded or produced at the factory to effectively span the distance between manholes with no joints therebetween.


B.
Material Testing:  Provide certification of inspection and testing at time of manufacture for defects in accordance with ASTM D 2122, D 2152 and D 2444.  Liners shall be homogeneous, uniform in color, free of cracks, holes, foreign material and deleterious faults.

2.02
MATERIALS


A.
Fold-and-Form PVC Liner:



1.
Formulated polyvinyl chloride compound manufactured from virgin PVC resins, with no fillers, and meeting the following minimum physical properties:




a.
Flexural Modulus:  145,000 psi @ 73 degrees F.; ASTM D 790.




b.
Flexural Strength:  4100 psi @ 73 degrees; ASTM D 790.




c.
Izod Impact:  15 ft.-lb./in.; ASTM D 256.




d.
Chemical Resistance:  C; ASTM D 1784.




e.
Combustibility:  Self-extinguishing.



2.
Standard Dimension Ratio (SDR):  35.



3.
Marked at maximum 5-foot intervals indicating ASTM D 1784 cell classification, manufacturer, and size (diameter and SDR).



4.
Acceptable Liner:  Ultraliner PVC Pipeliner by Ultraliner, Inc., 201 Snow St., Oxford, AL  36203; (256) 831-5515.


B.
Cured-in-Place, Resin-Impregnated Felt Liner:



1.
Resin-Impregnated, flexible polyester felt thermally cured-in-place and meeting the following minimum physical properties:




a.
Flexural Modulus:  300,000 psi initial; 150,000 psi long-term.




b.
Flexural Strength:  5000 psi.




c.
Tensile Modulus:  250,000 psi initial; 152,000 psi long-term.




d.
Tensile Strength:  4000 psi.



2.
Custom designed by the manufacturer in accordance with ASTM F 1216 to meet the following conditions:




a.
AASHTO H-20 live load with two trucks passing.




b.
Soil weight 120lbs./cf.




c.
Maximum ground water level at ground surface.




d.
Consideration of partially or fully deteriorated pipe based on the video inspection following cleaning of the host pipe.




e.
50-year service life.




f.
Maximum felt content of the liner:  25 percent.




g.
SDR of 50 or less dependent on deteriorated condition of host pipe.  Wall thickness of the cured liner shall be determined by the design calculations required under Article 1.04 or this Section.



3.
Resin shall be a polyester liquid thermosetting resin with associated catalysts suitable for the design conditions and curing process.



4.
When cured the liner shall form a continuous, tight fitting, hard, impermeable lining chemically immune to corrosion from sewage and by-products, combined with a maximum abrasion resistance.

5.       Fabricate the liner to a size that when reformed will tightly fit the host                       

             pipe.

a. Tube shall consist of one or more layers of flexible needled felt, 

             or an equivalent non-woven material.

b. Tube shall be capable of conforming to bends, offset joints, 

             bells, and disfigured pipe sections.




c.
Allow for longitudinal and circumferential expansion when sizing to achieve proper installation of the liner.




d.
Verify dimensions in the field prior to delivery of the liner.



6.
Verify length of liner prior to construction to effectively carry out installation and seal the liner at the inlet and outlet of each manhole.



7.
Ensure that the correct liner is fabricated for the respective runs between each set of manholes.



8.
Acceptable Licensed Installers:  Liqui-Force Services, Inc., 28781 Goddard Rd., Suite 204, Romulus, MI 48174, (734) 955-2508 (New York Regional Office-122 Sotherden Dr., Liverpool, NY  13090, (315) 652-2196); Insituform Technologies, Inc., 702 Spirit 40 Park Dr., Chesterfield, MO 63005, (636) 530-8784.

PART 3  EXECUTION

3.01
CLEANING


A.
Remove foreign materials from the sewer piping as required to obtain tight seating of the new liner against a cleaned interior wall surface throughout the host pipe.



1.
Use hydraulically propelled, high velocity jet, or mechanically powered equipment as deemed necessary to satisfactorily remove dirt, grease, rocks, sand and other foreign materials including obstructions.



2.
Remove roots in a manner assuring complete removal from the joints.




a.
Use mechanical equipment such as rodding machines, bucket machines, and winches in connection with root cutters and porcupines, plus other equipment such as high-velocity jet cleaners.




b.
Chemical root treatment with a herbicide approved by the Director’s Representative may be used at the Contractor’s option to aid in the removal of roots.  Application shall be in accordance with the manufacturer’s printed recommendations and instructions.  Damaged vegetation as designated by the Director’s representative shall be replaced at no cost to the State.



3.
Obtain from the Director’s Representative written approval of the proposed equipment and methods to be used in the cleaning operations.



4.
If cleaning an entire section between any two manholes can not be successfully performed from one of the manholes, the equipment shall be set up at the other manhole and cleaning attempted from the other direction.  If, again, successful cleaning can not be performed or the equipment fails to traverse the entire distance between the two manholes, it will be assumed that a major blockage exists requiring a point repair and the cleaning effort shall be abandoned until the blockage is removed by open-cut excavation.



5.
Debris of every name and nature from sewer cleaning operation shall be legally disposed of off Site.

3.02
LOCALIZED (POINT) REPAIRS


A.
Clear the existing pipeline of obstructions that will in any way prevent proper and specified installation of the liner.  Offsets at the joints of more than 2 inches of inside diameter, protruding service connections, dropped joints, collapsed pipe, and other reductions in cross-sectional area of more than 20 percent of the inside diameter of the existing pipeline shall be repaired prior to lining.


B.
If an obstruction can not be removed by conventional methods, then point repair shall be made by open-cut excavation.



1.
Pipe used in an open-cut repair section shall be PVC, SDR 35, conforming to ASTM D 3034.



2.
The following types of pipe couplings may be used provided they give a watertight seal, are designed to mate dissimilar pipes, and will achieve a solid connection.




a.
Coupling adapter.




b.
Slip-on coupling.




c.
Split repair sleeve.



3.
Flexible connectors are not acceptable.


C.
Payment for each localized repair including excavation and pipe will be made at the unit bid price.

3.03
VIDEO INSPECTION


A.
Pre-Rehabilitation Inspection:  Following thorough cleaning, conduct a video survey, in the presence of the Director’s Representative, of each sewer section cleaned to verify adequacy of the cleaning in accordance with these specifications.


B.
Post-Rehabilitation Inspection:  Conduct a video survey, in the presence of the Director’s Representative, of each rehabilitated sewer section to verify adequacy of the liner installation and repairs in accordance with these specifications.


C.
Video Images:



1.
Full color, 360-degree side view projected on a state-of-the-art television monitor.



2.
Continuous logging action video taped for permanent record.  Turn over to the Director’s Representative one copy of all video tapes produced.


D.
Radial-head Camera Requirements:



1.
Scanning system:  525 line, 60 Hz NTSC or 625 line, 50 Hz PAL.



2.
TV line resolution:  350(H) x 360(V).



3.
Minimum illumination:  10 lux or one footcandle (F=1.4).



4.
Remote functions:




a.
Iris control (F1.4-F22).




b.
Motorized focus control.




c.
Automatic white balance.

3.04
INSTALLATION


A.
Adhere strictly to the liner manufacturer’s standard procedures for proper installation under specific conditions.  Procedures for liner installation are specific to the method used and vary with liner material, liner thickness, pipe size, pipe shape, etc.


B.
Cover irregular and sharp edges of the entrance to the host pipe to prevent damage to the liner during insertion.


C.
Installation of Fold-and-Form PVC Liner:



1.
Seal the leading end of the liner to prevent fluids and solids from entering the lumen.



2.
Slowly feed the liner into the host pipe, while simultaneously pulling the liner at the exit, to minimize tension on the liner.




a.
Maintain two-way communication between personnel at entry and exit stations to coordinate the rate of the liner feed-and-pulling operation.




b.
Use a power winch and cable connected to the pulling head as recommended by the manufacturer.



3.
Reform and process the liner in accordance with the manufacturer’s instructions to unfold and expand the liner.




a.
Provide temperature and pressure gages at the insertion and termination manholes to monitor internal conditions during reforming and processing.




b.
Introduce superheated, pressurized steam to develop and maintain conditions inside the liner in strict accordance with the recommendations of the liner manufacturer.




c.
Discontinue the application of superheated steam while introducing compressed air to maintain internal pressure on the liner as recommended by the liner manufacturer.  Do not exceed 15 psi in pressure.




d.
Allow the liner to cool below 100 degrees F. before releasing the pressure.


D.
Installation of Inverted, Resin-Impregnated Tube Liner:



1.
Resin-Impregnation (wet-out):




a.
Protect tube and resin areas from sunlight and moisture.




b.
Test operation of mixing and wet-out equipment prior to resin mixing to ensure that all components are in proper working order.




c.
Following resin mixing, verify that resin temperatures have been taken and gel tests (accelerated curing tests of the resin reactivity) have been performed for proper evaluation of the resin mixture.




d.
Pump the resin between the innermost layers of the tube.  Verify by counting the tube layers.




e.
Do not allow air entrainment in the wet-out process.




f.
Pass the tube through a pair of rollers to uniformly distribute the resin.  Gap spacing between the rollers shall be a minimum of twice the specified wall thickness of the cured-in-place liner.  Verify the gap spacing with every 100 feet of wet-out.



2.
Inversion:




a.
Protect the tube from injurious impact and unclean soiling matter (dirt, mud, fine debris, etc.).




b.
Use inversion heads sized according to manufacturer’s recommendations.




c.
Do not overstress the tube material or exceed 5 percent longitudinal stretch.




d.
Place thermocouples at both ends of the tube and at intermediate stations as required to monitor the curing process.




e.
Remove plastic films or coatings on the interior finish of the liner unless they are fully bonded to the absorbant tube material prior to installation.




f.
Allow the liner to cool below 100 degrees F. before releasing the pressure and cutting the ends.

3.05
FIELD QUALITY CONTROL


A.
Samples:  Take samples as designated by the Director’s Representative at not less than 5 random line sections for the entire project.



1.
Take samples at intermediate manholes or at termination points initiated through like diameter pipe held in place by a suitable heat sink.



2.
Samples shall have been heated, pressurized, and formed or shaped in a manner identical to the liner installation.



3.
Samples shall be large enough to provide a minimum of 3 specimens and recommended 5 specimens for flexural and tensile testing, as applicable.


B.
Testing:  Submit samples to an independent laboratory for analysis to assure physical properties of the cured samples are in compliance with the referenced applicable ASTM standards.



1.
Deliver test reports to the Director’s Representative for approval.



2.
Bear all testing costs.

3.06
SERVICE CONNECTION REINSTATEMENT


A.
Reinstate the existing service connections by using remotely controlled methods approved by the liner manufacturer and the Director’s Representative.



1.
Activate the connections from the interior of the lined sewer by means of a remotely directed cutting device that locates the covered service connection and cuts away the liner pipe in such a way that a smooth edge is established.



2.
Liner shall be tight to the existing sewer pipe with no evidence of an annular space between the service pipe and the liner.


B.
Payment for each service connection reinstatement will be made at the unit bid price.

3.07
MANHOLE SEALING AND BENCHES


A.
Provide a watertight seal at the insertion and termination points in the manholes, in accordance with the manufacturer’s recommendations.



1.
Neatly cut off the liner at least 4 inches from the manhole wall.



2.
Provide a mortar/concrete bench adjacent to the liner segment within the manhole to support the liner sidewalls and to provide smooth merging of flows from other pipelines.

3.08
SEWER LATERAL REHABILITATION


A.
During cleaning and video inspection of the sewer mains, determine condition of each lateral connection showing evidence of infiltration.


B.
If infiltration is due to a minor crack, including a broken or open joint of an otherwise structurally sound pipe in the judgment of the Director’s Representative within 10 feet of the connection, correct the condition by injection of chemical grout.



1.
Method of sealing by chemical grouting shall be “pump full, sewer sausage, or camera-packer” at the option of the Contractor and shall effect a watertight seal disallowing any infiltration.

2. Remove excess grout from the pipe interior.


C.
If structural integrity of lateral is deficient, and groundwater and/or root infiltration is significant, cured-in-place lateral rehabilitation is warranted.


D.
Payment for each lateral rehabilitation will be made at the unit bid price.

3.09
FIELD TESTING AND ACCEPTANCE


A.
Field acceptance of the sewer rehabilitation Work shall be based on evaluation of the installation from post-installation TV videotapes, direct inspection where possible, and a review of the certified test data of the installed liner samples.



1.
Ground water infiltration of the liner shall be zero.  Check by video inspection before doing service connection reinstatement.



2.
Chemically grouted pipe shall show no evidence of ground water infiltration during TV inspection.



3.
Service connections shall be open, clear and watertight.



4.
Liners shall be free of visual defects including pinholes, splits, cracks, lifts, kinks, delaminations and crazing.



5.
Interior surfaces of the liners shall have a smooth appearance, fitted tightly to the shape of the host pipe.


B.
Should inspection reveal a defective liner or unsatisfactory grout sealing, corrective measures shall be taken as approved by the Director’s Representative, including replacement of the liner and regrouting if deemed necessary.
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