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SECTION 33 01 30
STRUCTURAL GEOPOLYMER LINING REHABILITATION SYSTEM
	NOTE:  Options for selection by the specifier are enclosed in brackets ( [  ] ) or braces ( {  } ).  Brackets are used to delineate the following types of options:

A single option where the specifier is to determine if the option is to be retained or removed.

Two or more options where the specifier is to select the option or options to be removed.

Braces delineate a single option or multiple options of equal level where one or more of the options include options delineated by brackets.  The specifier is to select the braced option or options to be removed.  If the braced option to be retained includes bracketed options, the specifier is to select among the bracketed options as well.

Where the specifier is to insert text or numbers such as dimensions, the field where the text is to be inserted is identified by red text or a red underline.  Once selected and typing begins, the text will change to the standard specification font.  Fields where the specifier has not yet entered the required text/number, will remain flagged by the red text or underline.

The specifier tool bar is provided to facilitate editing of the specification.  If an option is to be removed, the specifier is to select the first word in the optional text.  This will select the option, and by clicking on the “Hide” button on the toolbar, the option will be hidden.  The brackets will remain indicating to the specifier that an option has been removed.  Selecting the brackets and clicking on the “Unhide” button will restore the text.  Clicking on the “Show All” button toggles between displaying all hidden text, delineated by a dotted underline, and displaying only unhidden text.  The “Final” button on the toolbar will prepare the final draft by hiding all red brackets and braces as well as specifier notes.  Clicking on the “Draft” button will restore the document with edits intact.  Clicking on the “Client Copy” button will prepare a copy of the specification with all hidden text deleted.  The edited specification file will be saved prior to generation of the Client Copy.  Generation of a Client Copy should be performed only on a file that is not “read only”.  Clicking on the “QC-Print” button will generate a printed copy of the specification showing all the edits that have been made.

All text within the specification can be edited without corrupting the document code.

	Specifier. If this specification section is included in the project specifications, the "Abbreviations of Terms and Organizations" section is also required.

Do not use this section for tunnels beneath canals or other bodies of water or on major tunneling projects.  Consult with the Geo-Engineering Department in Kansas City for such projects.


PART 1 -  GENERAL

1.01 SCOPE

A. This specification covers storm and sanitary sewer pipe rehabilitation with a geopolymer mortar, as manufactured by GeoTree Solutions.  Similar rehabilitation systems may be considered and approved provided that the appropriate documents are submitted showing that these specifications have been met.
B. Note to designer: Uretek Holdings has a product very similar to ECOCAST and should be considered during design. If Uretek’s product is found to be an acceptable equal to ECOCAST, include a statement here indicating as such. 

1.02 GENERAL

A. Description of Work
1. Provide all labor, material and equipment to provide for the structural reconstruction of existing sanitary or storm pipes using an approved structural geopolymer lining system by forming a new pipe within an existing structurally deteriorated pipe, which has generally maintained its original shape.  This Specification covers the general requirements for the referenced specifications, geopolymer manufacturer and installer qualifications, submittal and guaranty guidelines, materials, pre-installation and installation procedures, and testing. The geopolymer liner may be spin cast or hand sprayed to various pipe surfaces including: brick, concrete, corrugated metal, clay tile, and various other materials.
B. Intent

1. The geopolymer mortar system is used to install a geopolymer liner inside storm and sanitary sewer pipes resulting in a structural liner that stops further water infiltration, rebuilds the structure surface and protects it from chemical attack. The pipe surface is cleaned and a geopolymer liner is spin cast applied to the interior surfaces.  This specification describes all the work, materials, and equipment required for the purpose of structurally rehabilitating the pipe, stopping water infiltration and providing protection from chemical attack in storm and sewer pipes and other underground structures. Applications include spin casting a geopolymer liner throughout the length of the pipe. A uniform geopolymer liner shall be spin cast applied, in a prescribed thickness to all cleaned interior surfaces. The geopolymer liner may be spin cast or hand sprayed to various pipe surfaces including: brick, concrete, corrugated metal, clay tile, and various other materials. The pipe liner shall extend the full length of the original pipe and shall provide a structurally sound, joint-less, new structural pipe within the original pipe.
C. Objective

1. The primary objective of this section is to structurally reinforce the existing pipe while stopping any excessive infiltration and inflow of extraneous water into the storm or sewer system and thereby reduce sewer overflows and the unnecessary treatment and transport costs associated with inflow/infiltration.  It is critical that both the Product and the Installer have the ability to meet or exceed all requirements of the CITY.  The secondary objective of this contract is to rehabilitate those sewers on which failure could be very disruptive, hazardous to public health, and/or be very expensive to repair after failure.
D. Work and Components Included

1. Pre-installation Cleaning and TV inspection of Storm or Sewer Pipes

2. Bypass Pumping

3. Pipe Cleaning and Preparation

4. Application of Geopolymer Liner

5. Quality Control Measures

6. Post Rehabilitation Video Taping of Storm or Sewer Pipes

7.
Restoration as needed due to construction activities.
E. Applicable ASTM and ACI Standards and Specifications

1. Unless revised herein, the Contractor shall follow the latest revision of the practices and standards of the following American Society for Testing and Materials (ASTM) Standards, which are made part of this specification:
ASTM Standards:

a. C 39/39M-10 Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens
b. C 469-02e1 Standard Test Method for Static Modulus of Elasticity and Poisson’s Ratio of Concrete in Compression
c. C 496/C496-04e1 Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete Specimens
d. C 882-05 Standard Test Method for Bond Strength of Epoxy-Resin Systems Used With Concrete by Slant Shear
e. C 1140-03A Standard Practice for Preparing and Testing Specimens from Shotcrete Test Panels
f. F 2414 Practice for Sealing Sewer Manholes Using Chemical Grouting
g.
C78 Standard Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading).  (Note: ASTM C293 – Standard Test method for Flexural Strength of Concrete (Using Simple Beam With Center-Point Loading) – Is not a substitute test for the more conservative ASTM C78, ASTM C293 provides flexural strengths significantly higher than ASTM C78 due to relaxed loading conditions which are not appropriate for this type of structural repair).  
h.
C114  Standard Test Methods for Chemical Analysis of Hydraulic Cement
ACI Standards:

i. 
ACI 305R-99 Hot Weather Concreting
j.
ACI 306R-88 Cold Weather Concreting
k.
ACI Certified Concrete Field Testing Technician, Level 1
F. Safety Equipment and Procedures

1. The CONTRACTOR shal carry out operations in strict accordance with all applicable OSHA standards.  Particular attention should be drawn to those safety requirements involving work on an elevated platform and entry into a confined space.

2. Because pipes of various sizes and configurations will be encountered, each one must be evaluated as to its status as a confined space, on a case by case basis. The OSHA Regulation Document, CFR 29, Part 1910.146 considers storm and sewer pipes as confined spaces.

3. Employees must have been provided adequate training as either a confined space entrant or attendant. Personnel records showing the date, location and test results of confined space training are available. 

4. It is required that employees use a relevant 4-gas detection meter to monitor the air quality of the storm or sewer pipe before entry and are familiar with its operation. 

5. Proper Personal Protective Equipment (PPE) will be worn by the field technicians at all times. Proper PPE consists of a hard hat, eye protection (safety glasses, goggles, or a face shield) steel toed boots, and a reflective vest that shall be worn at all times while at the work site.

6. Personnel involved in mixing operations must have on long sleeve shirts, gloves and appropriate dust masks while mixing the powder materials.

7. Personnel that work near the spin cast head must wear eye protection that includes safety glasses as a minimum and a face shield for employees that wear glasses.

8. When working in manholes they must be treated as permit required confined spaces.

9. When working in permit required confined spaces the permit must be fully and properly filled out before any operations begin. 

10. The minimum equipment required equipment  for Permit Required Confined space entry consists of a fully functional 4-gas monitor with a sample hose of proper length to samples all levels with the confined space (this includes  the lowest level, breathing/work zone/above breathing zone and below the ceiling),  a tripod in good working condition having the chains required to stabilize the legs in place, a suitable retraction device in good working order, and harnesses that fits the entrant comfortably.

11. Every effort will be made to minimize the amount of product released into the air during mixing operations.

12. Employees shall treat all waste matter and material removed from a sewer pipe as a contaminated material.  All contaminated substances from sanitary sewers such as fallen brick, sand debris, sludge and organic matter must be disposed of in a proper manner.

1.03 QUALIFICATIONS
A. Manufacturer and Installer Experience

1. The installing CONTRACTOR must certify that the geopolymer liner to be used is the exact system for which all submittals and certifications were made.  No substitutions will be allowed, and misrepresentations or omissions will be grounds for contract termination with the CONTRACTOR waiving any and all claims against the CITY for work performed or costs incurred.
2. The structural geopolymer lining rehabilitation system and installing CONTRACTOR must have a minimum verifiable  installation performance record on a minimum of 5,000 linear feet of large diameter (>36 inch) horizontal pipe and shall be an approved installer of the geopolymer lining system as certified and licensed by the manufacturer.

3. The CONTRACTOR must have completed a minimum of five projects that involved the installation of the exact name brand, or approved equal,  product bid.
4. The CONTRACTOR must have been actively involved in the direct field installation of the exact name-brand product bid, or approved equal.
5. The CONTRACTOR’S office and/or domicile from which the work for THIS CONTRACT will be executed shall provide a list of qualifying experience within 14 days prior to submitting.  At a minimum, the CONTRACTOR shall provide the following: project name, owner, and contact person, phone number, diameter and length of pipe. All past references prior to the bid must be submitted.  Omission of any references may be grounds for disqualification or termination.
B. Qualifying Superintendent and Crew

1. The CONTRACTOR is required to have at least one Qualifying Superintendent on the job during construction activities. The Qualifying Superintendent and crew that will be undertaking the work must meet the experience requirements.
2. The Qualifying Superintendent must have been trained by the pump manufacturers and have received a certificate of completion. This factory certification of completion of the required training is kept on file. The Qualifying Superintendent must be thoroughly familiar with all aspects of the operation including safety and quality control measures.
3. The Qualifying Superintendent shall provide a list of qualifying experience at least 14 days prior to starting Work.  All required information, including: project name, owner, and contact person, phone number, diameter and length of pipe and date completed shall be furnished for each project completed.

4. The work crew will have been thoroughly trained in the specific aspects of their jobs. This training includes training received from equipment manufacturers and in-field training. A fully trained field technician shall apply the geopolymer liner. Moreover, the field technician is required to have a good understanding of the work and product usage. Field technicians must demonstrate their ability to improve their skills and be capable of properly cleaning the sanitary storm or sewer pipe, developing a repair strategy for stopping any minor water infiltration, and spray applying the geopolymer liner to fully rehabilitate the pipe. The trained field technician is required to follow the manufacturer’s guidelines and keep in good standing with the product manufacturer. All of the work including the cleaning course of action, furnishing the materials, preparation of the materials and repair area, providing the installation of the materials and the testing method will be accomplished according to the manufacturer’s specific recommendations. The field technicians are given their approval and recognition upon successfully completing the appropriate training.
1-3.  SUBMITTALS.  Drawings, specifications, and data covering the proposed materials shall be submitted in accordance with the Submittals section.

At least 30 days before starting construction on the sheeting and shoring, the sheeting and shoring design engineer shall complete and submit to Engineer the Protection System Design Certificate (Figure 2-02202) and the Contractor shall use the sheeting and shoring design. A separate certificate shall be submitted for each unique design. The certificate shall be signed and sealed by the registered professional engineer that designed the protection system. The professional engineer shall be licensed or registered in the state where the protection system is located.

1-3.01.  Filter Fabric Data.  Complete descriptive and engineering data for the fabric shall be submitted in accordance with the Submittals section.  Data submitted shall include:

	A 12 inch square [300 mm] sample of fabric.

	Manufacturer's descriptive product data.

	Installation instructions.


1-5. INSURANCE. Professional Liability insurance shall be provided as specified in the Supplementary Conditions.
PART 2 -  PRODUCTS

2.01 GENERAL REQUIREMENT

A. The finished pipe must be such that when the geopolymer liner sets, the total wall thickness will be homogeneous and monolithic.  This structural liner is designed and installed to meet fully deteriorated pipe conditions.

2.02 PHYSICAL PROPERTIES

A. Installation and material tests of geopolymer liners must meet the minimum requirements demonstrated in the following ASTM standards:

1. Compressive Strength (ASTM C39):  Min. 8,000 psi @ 28 days

2. Flexural Strength (ASTM C78):  Min. 800 psi @ 28 days

3. Bond Strength (ASTM C882):  Min. 2500 psi

4. Density:  Dry – 127.7 pcf           Wet – 139.3 pcf

5. Modulus of elasticity (ASTM C469/469M-10):  Min. 5,000,000 psi @ 28 days

6.
Tensile Strength (ASTM C496):  Min. 400 psi @ 28 days
2.03 MATERIALS:  GEOSPRAY GEOPOLYMER LINER
	Fly Ash
	250 lb [113 kg]

	Sand (SSD)
	2860 lb [1297 kg]

	Water
	370 lb [168 kg]

	Air Entraining Agent
	6 percent

	Minimum compressive strength at 56 days
	129 psi [889 kPa]]


2-1.11.02.  Class B CLSM.  [ GOTOBUTTON P_356381431 Not used.]

[ GOTOBUTTON P_356381332 The initial trial mixture for Class B CLSM shall consist of the following minimum proportions per cubic yard:

	Cement
	100 lb [45 kg]

	Fly Ash
	100 lb [45 kg]

	Sand (SSD)
	2760 lb [1252 kg]

	Water
	386 lb [175 kg]

	Air Entraining Agent
	5 percent

	Minimum compressive strength at 56 days
	202 psi [1300 kPa]]


2-1.11.03.  Class C CLSM.  [ GOTOBUTTON P_377391733 Not used.]

[ GOTOBUTTON P_377391634 The initial trial mixture for Class C CLSM shall consist of the following minimum proportions per cubic yard:

	Cement
	80 lb [36 kg]

	Fly Ash
	275 lb [125 kg]

	Sand (SSD)
	2795 lb [1268 kg]

	Water
	370 lb [168 kg]

	Air Entraining Agent
	4 percent

	Minimum compressive strength at 56 days
	370 psi [2500 kPa]]


A. The geopolymer lining material shall be a micro-fiber reinforced ultra-dense geopolymer. This material provides a high strength fiber reinforced mortar specifically designed for ease of mechanical pumping, spraying and spin casting.
B. The nano-ceramic geopolymer liner shall not clog spinner heads or spray equipment. The GeoSpray geopolymer liner can also be used to repair, resurface, or rebuild pits, sumps, trenches, tunnels, bridges, piers or any concrete structure that has experienced deterioration.  
C. The geopolymer liner shall be designed to produce a liner with improved compressive and flexural strength, high adhesion to damp surfaces, lower permeability and increased resistance to aggressive chemical attack.

D. This fiber reinforced formula shall be engineered to improve hydraulic abrasion resistance, provide dimensional stability and protect against penetration by substances such as fats, oils, gases, chloride ions found in marine applications, and where high corrosion exists within a sewer manhole environment
The final mixed geopolymer product shall have a minimum of 70% pozzolanic material as a group containing SiO₂, MgO, Al₂O₃, Fe₂O₃ verified by third party certified X-ray Fluorescence (XRF) testing per ASTM C114. 

{ GOTOBUTTON P_331359036 CLSM shall consist of a mixture of Portland cement, fly ash, sand, and water and shall be placed at locations indicated on the drawings or as directed by Engineer.  The class of CLSM shall be as specified below.

The type of cement in CLSM shall be [ GOTOBUTTON P_333368124 ASTM C150 Type I.][ GOTOBUTTON P_333368025 ASTM C150 Type II.][ GOTOBUTTON P_333367926 ASTM C150 Type V.][Insert alternative

].  The class of fly ash in CLSM shall be [ MACROBUTTON NoMacro  C618 Class C][  GOTOBUTTON P_334362979 ASTM C618 Class F], except loss on ignition shall not exceed 4 percent.  Fine aggregate in CLSM shall be clean natural sand, ASTM C33, except that clay particles shall not exceed one percent.  Water in CLSM shall be potable. 

2-1.11.01.  Class A CLSM.  [ GOTOBUTTON P_335371129 Not used.]

[ GOTOBUTTON P_335371030 The initial trial mixture for Class A CLSM shall consist of the following minimum proportions per cubic yard:

2.04 
MATERIAL:  PACKAGING AND STORAGE

A. Material shall be delivered in packaged and sealed condition and free of moisture.  Do not use materials that have been exposed to moisture or there is visible damage to the packaging. The GeoSpray Geopolymer is provided in 50 pound bags and 2,000 pound supersacks.
2.05 MATERIAL:  MATERIAL RECEIPT PROCESS

A. All materials must be inspected upon receipt and properly documented as to the amount of material, the identification of the material by lot numbers, and inspected by the receiving employee. Dates and times along with the shipping company delivering the material should be recorded for possible future reference.
All material testing on CLSM shall be made by an independent testing laboratory at the expense of Contractor.

	Specifier.  Contractor is responsible for pre-construction testing for preliminary review of materials.  It is recommended that the Owner pay for field testing during construction. If Owner does not agree, require payment by the Contractor.  The Contractor cannot pay for Special Inspection as defined by the building codes.


2-2.02.  Field Testing Expense.  All moisture‑density (Proctor) tests and relative density tests on the materials, and all in‑place field density tests, shall be made by an independent testing laboratory at the expense of [ MACROBUTTON  NoMacro Owner][ MACROBUTTON  NoMacro Contractor].  Contractor shall provide access to the materials and work area and shall assist the laboratory as needed in obtaining representative samples.

2-2.03.  Required Tests.  For planning purposes, the following guidelines shall be used for frequency of field tests.  Additional tests shall be performed as necessary for job conditions and number of failed tests.  Test results shall be submitted as indicated in the Submittals section.

	a.
	Two moisture density (Proctor) tests in accordance with ASTM D698 (or, when required, ASTM D1557), or two relative density tests in accordance with ASTM D4253 and D4254 for each type of general fill, designated fill, backfill, or other material proposed.

	b.
	In-place field density and moisture tests at intervals of 1000 feet [300 m] maximum along the trench.

	c.
	One in-place field density and moisture test for every 200 cubic yards [153 m3] of backfill.

	d.
	One in-place density and moisture test whenever there is a suspicion of a change in the quality of moisture control or effectiveness of compaction.

	e.
	At least one test for every full shift of compaction operations on mass earthwork.

	f.
	Additional gradation, Proctor, and relative density tests whenever the source or quality of material changes.

	[ GOTOBUTTON P_441482837 g.
	Testing of CLSM shall be as follows:

Compressive Strength.  For every 200 cubic yards [153 cubic meters] of CLSM placed, fill four 6 by 12 inch [150 by 300 mm] plastic cylinder molds to overflowing and then tap sides lightly.  Cure cylinders in the molds covered until time of testing, at least 14 days.  Strip the cylinders carefully using a knife to cut away the plastic mold.  Cap the cylinders with high strength gypsum plaster or other capping process that will not break these low strength materials.  Test cylinders in accordance with ASTM C39.  Two cylinders shall be tested at 7 days and the other two cylinders shall be tested at 56 days.

Flow of Fill.  Once each day that CLSM is placed, test the fill material in accordance with ASTM C939 for the efflux time.  Wet screening may be required to remove coarse particles.

Unit Weight and Yield.  Once each day that CLSM is placed, determine unit weight and yield in accordance with ASTM C138.

Air Content.  Once each day that CLSM is placed, determine air content in accordance with ASTM C231.

Penetration Resistance.  Once each day that CLSM is placed, determine early bearing strength in accordance with ASTM C403 penetration procedure.]


PART 3 -  EXECUTION

3.01  PIPE DESIGN
A. Unless specified otherwise, the CONTRACTOR shall submit liner thickness calculations to the CITY for review.  These calculations shall be submitted by a registered Professional Engineer and shall assume that the system is designed in accordance with a “fully deteriorated gravity pipe condition.”
The minimum liner thickness that shall be calculated using the distributed beam load over a partial ring model. This design model is applicable for circular, elliptical, egg shaped and arch sewer shapes. The liner thickness shall consider a 50-year design for the specified applied loads and calculated using the following equation and design parameters:
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Where:

t = 
Minimum Liner Thickness, inches

Qt = 
Total External Load as calculated from ASTM F 1216-09 for fully deteriorate pipe cases for soil and hydraulic loads with the addition of appropriate live load standards as specified, psi

r = 
Radius of the interior crown of the pipe, inches

N = 
Safety Factor

SF = 
The 28 day Flexural Strength or Modulus of Rupture, psi.
c = 
Ovality Reduction Factor as defined in ASTM F 1216-09

B. The minimum installed geopolymer liner thickness shall be one and a half inch (1.5”).  The design calculations shall govern if they show that a thickness greater than 1.5 inches is necessary.  The CONTRACTOR shall submit his proposed plan for ensuring that the installed geopolymer liner meets the minimum thickness requirements.  The plan shall include the proposed geopolymer liner thickness to be installed.

3.02 EQUIPMENT

A. The CONTRACTOR shall determine the necessary equipment to install the liner to meet contract requirements, however, the major equipment components typically consist of a generator, an air compressor, a high pressure washer, a high shear mixer and pump assembly as a single unit, a reciprocating high speed spin cast delivery assembly, an electric chain drive retraction system capable of +/- 5% repeatability, and high pressure hoses and couplings.

1. Application equipment should have material feed, high shear mixer and pump as a single operating unit.  These three functions should operate as a single synchronized unit.  In addition, the application equipment is required to have sensors that maintain uniform operation of all three functions and have the ability to shut down the equipment in the event of interruption of any of the functions.  This will ensure consistent delivery of materials over time and distance.

2. Application equipment needs to have visible display for the rate of water addition.  This will ensure water/material ratios are known and controlled.  Water/material ratio must be monitored and recorded throughout the application process.
3. Application equipment should measure the back pressure on the discharge side of the pump.  The change in pressure will alert the operator to any potential changes in flow rates.  Do not exceed 25 bars of back pressure.
4. Spinner head needs to be capable of spraying in a both a clock wise and a counter clock wise direction.  The change in spin direction achieves superior application by applying the materials at multiple angles, when making multiple applications passes.
5. Spinner head needs to be attached to a reciprocating mechanism to layer the materials.  The reciprocating mechanism needs to oscillate the spinner head by a minimum of 6 inches.  The layering allows more uniform application of the product and achieves higher thickness levels.
6. Retraction system needs to be capable of pulling the spinner head at a minimum rate of 4 inches per minute with no more than +/-5% tolerance.
7. Retraction system needs to have a visible display that monitors the rate of retraction.  The rate of retraction and the volume of material discharged are necessary to calculate the thickness of the sprayed materials.
8. The rate of retraction, material discharge volume, dry material usage and length of pipe covered should be monitored and recorded on a daily basis.  This is a critical to measure the thickness of material applied.
B. The CONTRACTOR shall maintain equipment to be in clean and good working condition, and shall continuously inspect all parts to ensure that debris or other foreign materials are removed.

3.03 INSTALLATION

A. Pipe Cleaning and Preparation
1. The floor and interior walls of the pipe shall be thoroughly cleaned and made free of all foreign materials including dirt, grit, roots, grease, sludge and all debris or material that may be attached to the wall or bottom of the pipe.
2. High pressure water blasting with a minimum of 3,500 psi shall be used to clean and free all foreign material within the pipe.
3. When grease and oil are present within the pipe, water may be heated to 200 degrees, or an  approved detergent may be added to the water or a dilute solution of muriatic acid may be used integrally with the high pressure cleaning water.
4. All materials resulting from the cleaning of the pipe shall be removed prior to application of the geopolymer lining material.
5. All loose or defective concrete, brick, or grout, shall be removed to provide an even surface prior to application of the geopolymer lining material.

B. Sealing Active Leaks

1. The work consists of hand applying a dry quick-setting cementitious mix designed to instantly stop running water or seepage in all types of concrete and masonry structures. The CONTRACTOR shall apply an approved quick-setting mortar in accordance with manufacturer’s recommendations. The use of chemical grouts is also an approved method for stopping leaks.
C. Invert Repair:  Consists of mixing and applying geopolymer or a suitable mortar, to fill all large voids and repair inverts prior to spraying or centrifugally casting the pipe.  For invert repairs, flow must be restricted as necessary to perform the work.

1. The area to be repaired must be cleaned and free of all debris.
2. Once mixed to proper consistency, the geopolymer lining material shall be shot or hand troweled for invert repairs. Care shall be taken to not apply excessive material in the channel, which could restrict flow. Once applied, the geopolymer lining material shall be smoothed either by hand or trowel in order to facilitate flow.
3. Spray or centrifugal application of the geopolymer lining material may proceed immediately after invert repairs are completed.
4. In severe conditions, reinforcing wire mesh or rebar may be required in addition to the geopolymer liner.
5. Suitable flowable fill may be used to fill voids or stabilize soils outside of the pipe or in the invert of the pipe.
D. Inspections:  The CONTRACTOR’S experienced personnel trained in location breaks and obstacles by CCTV inspection shall perform inspection of the sewer pipe.  Utilizing a color video inspection system with data recording capabilities, the entire pipe section to be lined shall be recorded on CD or DVD and two (2) copies produced.  The interior of the pipe shall be carefully inspected to determine the location of any conditions, which may prevent the proper installation of the geopolymer liner, and it shall be noted so that these conditions can be corrected.  A CD or DVD and suitable log shall be submitted to the CITY.

1. Sewer service connections shall also be TV inspected, which shall identify all service connections, openings, and condition of service connections to main.

2. Utilizing high-pressure jet cleaning equipment, several passes shall be completed to assure that all debris is removed from the pipe.  If roots are present, root cutters or mechanical brushes are attached to the jet nozzle and sent through the line to remove all root intrusions.  Should equipment other than high-pressure jetting apparatus be needed to remove debris or roots, the CONTRACTOR shall notify the CITY in writing immediately.
E. Identification and Pre-Measurement of Lateral Connections: A 360-degree Pan-and-Tilt view camera shall be used to inspect the pipe traveling upstream.  At each connection the operator will stop and turn the camera lens toward the lateral thereby inspecting the first 8 to 12 inches of the lateral connection.  If there remains a doubt as to whether or not the connection is live, additional “dye and flush” tests shall be performed.  It will be the responsibility of the CITY representatives to review this process live or review the video tapes to verify and approve which lateral connections are to be reinstated. The CITY shall be responsible for determining if connection is active or inactive. For each existing service connection determined by the CITY to be active, the CONTRACTOR shall determine the condition of the service connection to the main, make his recommendation for lateral connection repair, and record both items in his log.  All lateral locations will be measured from the back wall (opposing wall) of the basis manhole, typically the downstream manhole.
F. Bypass Pumping:  As required for acceptable completion of the work and/or to avoid damages due to sewer spills or overflows, the CONTRACTOR shall provide for sewer flow maintenance around the section or sections of pipe designated for rehabilitation.  The bypass shall typically be made by plugging the line at an existing upstream structure and pumping the flow into a downstream structure or adjacent system.  The pump and bypass lines shall be of adequate capacity and size to handle the anticipated flow.  Bypassing of sanitary sewerage into the storm water system will not be allowed. For all bypass pumping, pump noise shall be kept to a minimum.
G. Mixing the Geopolymer Lining Material

1. CONTRACTOR shall add the geopolymer material to the batch water not to exceed a 0.20 water/material ratio. For example, add 100 lbs of geopolymer powder to 18-20 lbs batch water.  Precision metering of water in a continuous mixing chamber is required to maintain the strict water to material ratio.  It is important to maintain the specified water to polymer ratio throughout the application process. Uniform water to polymer ratio equates to consistent strength. 
2. Mixing water temperatures must be determined before blending operations begin. The mixing water temperature must by recorded in the daily operation log at multiple times throughout the day during the installation process. If water temperatures exceed 80 degrees F, then the water should be chilled to 80 degrees F or lower. The ability to provide mixing water at a consistent temperature is a critical aspect of the mixing and installation process. Industrial electronic chillers should be of a suitable capacity to provide the proper amount of water and at the required temperature.
3. The geopolymer lining material shall be mixed in a high shear mixer.  This ensures thorough and uniform mix of water with the material prior to pumping.  Begin pumping through an adjustable rotor stator pump for continuous delivery to the appropriate application device.
4. The mixing operations must be performed so that the minimum of dust is released into the surrounding environment, and the use of good housekeeping practices.
5. This process requires the use of continuous automated mixing and pumping, which eliminates human error and mechanical issues associated with maintaining consistent water/material ratio, mix time, mix speed and dwell time prior to pumping.  The automation of dry material feed rate, precise metering of water and pump rate eliminates wet/dry and thick/thin variations resulting in a uniform structure regardless of the pumping distance.
6. Pumps must be equipped with multiple sensors that stop the pump if material either runs out or is overflowing.
7. Multiple pumps shall be onsite at all times in the event one pump has mechanical difficulties.
8. Multiple spin casting units should be onsite to address any application issues that arise during the lining process.
9. Multiple spin cast nozzles should be onsite at all times to address any application issues or failure of the nozzle. Multiple nozzles may be required to produce the required depth or finish of the liner surface.
H. Spray Application of Geopolymer Lining Material

1. The geopolymer lining material delivery hose shall be coupled to a medium-velocity spray application nozzle. Pumping of the material shall commence and the material shall be atomized by the introduction of air at the nozzle, creating a medium-velocity spray pattern for material application.
2. The spin cast nozzle must be cable of bidirectional operation.
3. The bidirectional nozzle shall have the capability to be adjusted to match the angle or gauge of the corrugations when lining corrugated metal pipe.
4. A reciprocating head that has a speed adjustment for making multiple position changes per minute is required. The reciprocating head allows the spin cast mechanism and the associated selected nozzle to make multiple passes on the pipe wall in a single pass of the sled assembly.
5. Spraying shall be performed by starting at the pipe end-project location and progressing towards the entrance of the pipe.
6. Begin at downstream side of the pipe, and retract the spin cast assembly at a monitored uniform rate. Just as important as knowing that a consistent amount of water is being added to the mix, the retrieval rate of the spin head must be measureable and constant. At the beginning of each pipe segment the retraction device should be calibrated. The calibration process includes setting the digital readout to the desired retrieval rate (in inches per minute). Then the retrieval chain is laid out and marked to show the distance traveled in two minutes. The rate obtained must be within 5% of the expected speed and can be verified by this process.
7. The geopolymer delivery hose shall be coupled to a high speed rotating applicator device. The rotating casting applicator shall then be positioned within the center, or positioned higher inside the pipe, as required by the diameter the pipe.
8. The high speed rotating applicator shall then be initialized, and pumping of the material shall commence. As the material begins to be centrifugally cast evenly around the interior of the cavity, the rotating applicator head shall uniformly travel back and forth at or near the center point of the pipe at a controlled frequency conducive to providing a uniform material thickness to the pipe walls.
9. Controlled multiple passes shall then be made until the specified minimum finished thickness is attained. If the procedure is interrupted for any reason, the operator shall arrest the retrieval of the applicator head until flows are recommenced.
10. Material thickness may be verified at any point with a depth gauge and shall be no less than the required thickness. If additional material is required at any level, the rotating applicator head shall be placed at the location and application shall recommence until that area meets the required thickness.
11. The geopolymer lining material shall be applied to a damp surface, with no free water.
12. The medium-velocity spray nozzle and the centrifugal spin casting head may be used in conjunction to facilitate uniform application of the material to irregularities in the contour of the pipe walls.
13. When requested by the CITY, the geopolymer liner shall be troweled following the spray application. Initial troweling shall be in an upward motion, to compress the material and solidify the pipe wall. Precautions shall be taken not to over-trowel.
14. Proper steps shall be taken to ensure the material is cured in a moist and moderate climate.  General underground conditions are usually adequate to meet this curing requirement, however, when situations of dry and/or hot conditions are present, the use of a wind barrier and fogging spray may be required.
15. The geopolymer liner should not be placed when the ambient temperature is 37 degrees Fahrenheit and falling or when the temperature is anticipated to fall below 32 degrees Fahrenheit during the next 24 hours, unless specific precautions are employed.
16. During extreme hot weather conditions, chilled water must be used to mix the geopolymer.  The geopolymer material should be maintained at a temperature lower than 90 degrees F.
I. Curing of the Geopolymer Liner Material

1. Follow manufacturer’s recommended cure schedule in curing of geopolymer liner.
2. Refer to ACI 305R-99 Hot Weather Concreting.  Do not apply geopolymer  liner material when ambient and surface temperatures are 100°F or 35°C and above.  Shade the material and prepare the surface to keep it cool. To extend working time, mix the material with cool water or ice-cooled water.  Be certain the substrate is saturated surface dry (SSD) before application begins. Proper curing is always required and is particularly important in hot weather.  Follow ACI 305R-99 guidelines for the proper use of curing agents.
3. Refer to ACI 306R-88 Cold Weather Concreting.  Do not apply geopolymer  liner material when ambient temperatures are expected to fall below 45°F or 7°C within 72 h of placement.  Both ambient and substrate temperatures shall be at least 45°F or 7°C at the time of placement. Low-substrate and ambient temperatures slow down the rate of set and strength development.  At temperatures near 45°F or 7°C, warm the material, water, and substrate.  Properly ventilate the area when heating.  Protect the new liner from freezing.

J. Termination and Sealing at Manhole Outlets:  Termination of the geopolymer liner at the end of a pipe or manhole shall be completed by hand applying the geopolymer liner to the outer surface of the pipe or into the interior of the manhole.

K. Internal Reconnection of Lateral Services:  The CONTRACTOR shall reopen the existing active connections after the final geopolymer lining pass.  Restored openings shall be neatly and smoothly open and without rough edges.  Care must be exercised not to damage the geopolymer lining while reinstating the lateral.

L.  Daily Activity Logs:  An EcoCast Daily Activity Log will be filled out completely anytime a work crew is on site. An example of the daily activity log is included in the appendix, as example one. This log includes listing the personnel present at the site, when they arrived and when they left the site.  Important spray data includes the times material was applied and under which atmospheric conditions. The ambient air temperature, the dry powder temperature , the mixing water temperature, and  the temperature inside the pipe are all recorded on the daily activity report. The operating conditions are also recorded. These measurements include the water addition rate taken at the meter tube, the retrieval speed of the retraction system and the pump motor speed recorded at the pump. Any special conditions are to be noted in the daily log.
3.04
QUALITY ASSURANCE AND TESTING
1. All test cylinders shall be obtained and formed following ASTM C31 and test in accordance with ASTM C39 and ASTM C469/469m. The test cylinders shall be the same size as the results submitted from an independent laboratory.

2. Samples shall be cast by an ACI certified Concrete Field Technician Level 1. 

3. The samples may be taken from the pump immediately before discharge into the hose or at the spin caster, if feasible.

4. The samples must be undisturbed for a period of at least 24 hours before they can be transported

5. All tests shall be performed by an accredited independent third party laboratory.

6. The test cylinders shall be required at the start and at the end of the project and for every 40,000 lbs of applied material, and shall be required per work location.

	Testing
	
	ASTM Standards
	Min # of Test Required

	Compressing Strength Testing
	7 day
	ASTM 39
	2

	Compressive Strength Testing
	28 day
	ASTM 39
	3

	Compressive Strength Testing
	56 day
	ASTM 39
	2 

	


END OF SECTION 33 01 30
�Suggest deleting the Anti-Microbial System (AMS).  The GeoSpray HCE geopolymer material which is specifically formulated for highly corrosive environments can be used in sanitary sewers, manholes, wet wells, and lift stations.  It is intended to replace the AMS post coat.
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