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SECTION 43 41 45

FIBER GLASS REINFORCED PLASTIC TANKS

PART 1  GENERAL
1.01 SCOPE OF WORK
A. General: The CONTRACTOR shall provide Grade 1 (Premium) single walled fiber glass reinforced plastic (FRP) tanks, and appurtenant WORK, complete and operable, in accordance with the Contract Documents.
B. Provide all labor, materials, equipment, services and incidentals required and install, field test, complete and place in satisfactory operation all Fiberglass Reinforced Plastic (FRP) chemical storage tanks shown on contract drawings and as specified herein.
C. Provide vertically oriented flat bottom tanks in quantities and with top head configuration shown plus storage capacities required for various chemical services listed in tank schedule(s) included at the end of this section.
D. The WORK under this Section shall be furnished by manufacturers having experience in the manufacture of similar products and having a record of successful installations.
E. Plastic and fiber glass items shall be manufactured of material suitable for the chemicals they contact and shall be certified for such use on the Shop Drawings.  Tanks shall be designed and checked for loads to be incurred during service, including at least wind, temperature stress, and earthquake loads by a registered engineer with a minimum of 10 years’ experience in fiber glass construction. 
F. Tanks shall be FRPI Certified and fabricated in accordance with ASTM D3299 or ASTM D4097, unless otherwise required by this specification.
G. Applications and configurations not covered by this specification include the following
1. Sodium Hypochlorite concentrations above 15%
2. Chemical temperatures under 5-degree F above their freezing point and exceeding ambient air temperatures
3. Higher than ambient pressure/vacuum
4. Elevated horizontal orientation
5. In-ground and underground tanks
6. Open tops
7. Fields assembled or fabricated tank designs
1.02 CONDITIONS OF SERVICE/STORAGE TANK SCHEDULE
A. Note to Engineer: This list of includes many suitable chemicals but is not all inclusive. The Tank Designer/specifier is required to verify the chemical’s MSDS sheet and chemical compatibility with FRP and discuss with MSD before specifying any FRP tank for chemical storage. 
B. FRP is suitable for the following chemicals:
1. Sodium Hypochlorite (up to 15% concentration)
2. Sodium Bisulfite
3. Ferric Chloride
4. Ferrous chloride
5. Sodium Hydroxide (up to 50% concentration)
6. Sulfuric Acid (up to 75% concentration)
7. Phosphoric Acid
8. Peracetic Acid (up to 75% concentration)
9. Hydrochloric Acid (up to 37% concentration)
10. Polymers
1.03 REFERENCE SPECIFICATIONS, CODES AND STANDARDS
A. The most recently published standards in effect at time of bid opening shall apply to this section.
B. In the event of conflict, inconsistency or ambiguity between these references and the specific project requirements, the following order of precedence shall govern where laminate quality, dimensional accuracy and conformance to this Specification are brought into question:
1. This tank specification section.
2. Contract drawings.
3. FRPI standard practices, laminate specifications and specification bulletins.
4. References within Part 1.03 D, E and F, where ASTM D2563 definitions shall take precedence over ASTM C582 for types and quantity limitations.
1.04 BUILDING CODES:
A. National Fire Protection Association (“NFPA”):
NFPA 70	National Electric Code
NFPA 704	Standard System for the Identification of the Hazards of Materials for Emergency Response

B. Occupational Safety and Health Administration (“OSHA”):
29 CFR 1910.23 	Guarding Floor and Walkway Openings and Holes
29 FR 1910.27 	Fixed Ladders
C. American Concrete Institute (“ACI”):
1. ACI 301-05 - Specifications for Structural Concrete
D. American National Standards Institute (“ANSI”):
1. ANSI Z129.1 - Precautionary Labeling for Hazardous Industrial Chemicals
E. American Society for Testing and Materials 
1. (“ASTM”):ASTM C 581 Practice for Determining Chemical Resistance of Thermosetting Resins Used in Glass Fiber Reinforced Structures, Intended for Liquid Service
2. ASTM C582 - Standard Specification for Contact-Molded Reinforced Thermosetting Plastic (RTP) Laminates for Corrosion Resistant Equipment
3. ASTM D883 - Standard Definition of Terms Relating to Plastics
4. ASTM D2471 - Standard Test Method for Gel Time and Peak Exothermic Temperature of Reacting Thermosetting Resins
5. ASTM D2563 - Standard Practice for Classifying Visual Defects in Glass-Reinforced Plastic Laminate Parts
6. ASTM D2583 - Standard Test Method for Indentation Hardness of Rigid Plastics By Means of a Barcol Impresser
7. ASTM D2584 - Standard Test Method for Ignition Loss of Cured Reinforced Resins
8. ASTM D3299 - Standard Specification for Filament-Wound Glass-Fiber-Reinforced Thermoset Resin Corrosion-Resistant Tanks
9. ASTM D4097 - Standard Specification for Contact-Molded Glass-Fiber-Reinforced Thermoset Resin Corrosion-Resistant Tanks
10. ASTM D5421 - Standard Specification for Contact Molded “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges
11. ASTM D6041 - Standard Specification for Contact Molded “Fiberglass” Pipe and Fittings
F. Fiberglass Reinforced Plastics Institute (“FRPI”):
1. FRPI SP9000 - Laminating Process Certification
2. FRPI SP9100 - Laminate Certification
3. FRPI LS500 - 96 mil CB, Bis-A EVER, (1) C-Glass Veil and MEKP/CoNap Cure System
4. FRPI LS501 - 96 mil CB, Bis-A EVER, (1) C-Glass Veil and MEKP/CoNap Cure System with Brominated Bis-A EVER FR SL
5. FRPI LS532 - 106 mil NS CB, Bis-A EVER, (2) Synthetic Polyester Veils and MEKP/CoNap Cure System
6. FRPI LS533 - 106 mil NS CB, Bis-A EVER, (2) Synthetic Polyester Veils and MEKP/CoNap Cure System with Brominated Bis-A EVER FR SL
7. FRPI LS572 - 106 mil NS CB, Bis-A EVER, (2) Synthetic Polyester Veils and DMA-DEA/BPO Cure System with Bis-A EVER SL
8. FRPI LS573 - 106 mil NS CB, Bis-A EVER, (2) Synthetic Polyester Veils and DMA-DEA/BPO Cure System with Brominated Bis-A EVER FR SL
9. FRPI LS672 - 106 mil NS CB, Brominated Bis-A EVER, (2) Synthetic Polyester Veils and DMA-DEA/BPO Cure System with Bis-A EVER SL
10. FRPI LS673 - 106 mil NS CB, Brominated Bis-A EVER, (2) Synthetic Polyester Veils and DMA-DEA/BPO Cure System with Brominated Bis-A EVER FR SL
11. FRPI LS514 - 192 mil NS CB, Bis-A EVER, (2) C-Glass Veil and MEKP/CoNap Cure System
12. FRPI LS515 - 192 mil NS CB, Bis-A EVER, (2) C-Glass Veil and MEKP/CoNap Cure System with Brominated Bis-A EVER FR SL
G. Occupational Safety and Health Administration (“OSHA”):
1. 29 CFR 1910.23 Guarding Floor and Walkway Openings and Holes
2. 29 CFR 1910.27 Fixed Ladders
H. When two or more of the above regulations are applicable, the more stringent requirement shall be met
1.05 DEFINITIONS 
A. General:
1. Refer to Division [_if definitions provided outside of general conditions_]  for general project definitions.
2. The term “Manufacturer” where used in this section, refers to the entity which designs, engineers, fabricates and provides quality control and field inspection services for the chemical storage tanks provided under this Section.
3. The term “Resin Supplier” where used in this section, refers to the entity which produces resin for distribution.
4. Acronyms and abbreviations as used in this section:
a. “BPO” is “Benzoyl Peroxide” 
b. “Bis-A” is “Bisphenol-A
c. “CA” is “Corrosion Allowance”
d. CB” is “Corrosion Barrier”
e. “CoNap” is “Cobalt Napthinate”
f. “DEA” is “Diethylaniline”
g. “DMA” is “Dimethylaniline”
h. “EVER” is “Epoxy Vinyl Ester Resin”
i. “ft” is “feet”
j. “FR” is “Fire Retardant”
k. “FRP” is “Fiberglass Reinforced Plastic”
l. “in” is “inches”
m. “MEKP” is “Methyl Ethyl Ketone Peroxide”
n. “NS” is “Nonstructural”
o. “OS” is “Outer Surface”
p. “PE” is “Polyester”
q. “SL” is “Structural Layer”
r. “SS” is “Stainless Steel”
5. Standard definitions of terms relating to FRP as described in ASTM D883.
B. Laminate Design:
1. FRPI SP9100 definitions for laminate lay-up composition.
2. ASTM D2563 definitions for types and quantity limitations of visual defects, wherein definition of defect named:
a. “Air Bubble (void)” shall for visual acceptance Level II include bubbles of a maximum diameter from 0.4 mm (1/64-in) to 1.5 mm (1/16-in) in size.
b. “Burned” shall also include discoloration or color variation associated with higher exothermic temperatures during laminate curing among primary and secondary bond laminates.
3. Minimum thickness: Where minimum thicknesses are specified in reference standards and this Section, the thicknesses specified shall include any tolerances allowed by industry standards and shall be interpreted as absolute minimums for purposes of determining compliance with this section.  Such minimum thicknesses shall not be construed to be in lieu of engineering calculations or demonstration of design as required of Manufacturer herein.
4. Corrosion allowance:  Where a corrosion allowance is specified in this section it shall be interpreted as referencing non-structural material.  Such non-structural material composed of inner corrosion barrier specified shall be added to minimum structural thicknesses shown within industry standard tables or determined through use of industry standard rules, other design equations, stress analysis and lamination analysis.  The thickness and physical properties associated with an inner or outer corrosion barrier that is specified as non-structural shall not contribute to strength of material and be regarded as sacrificial layers. This definition shall also apply to all components possessing an outer corrosion barrier, where such outer barrier is regarded as a wetted or process side surface. Thickness shown within industry standards shall be interpreted to mean structural layer thicknesses.
1.06 CONTRACTOR SUBMITTALS
A. Furnish submittals in accordance with Section 01 33 00 - Submittals. 
B. Detailed shop drawings shall be submitted with initial general arrangement drawing submittal, showing all details required herein.  Drawings shall be provided to scale, with details including but not be limited to:
1. Identification of materials of construction for all components, including corrosion allowance composition and thickness where required.
2. Tank data indicating equipment number, diameter, capacity, weight, pressure rating, chemical service and temperature limit.
3. Overall tank dimensions and thickness of each major component, with all nozzles, access hatches, hinges or davits, tank Manufacturer supplied piping, support brackets, lifting and handling lugs, labeling and accessories located and dimensioned.  Nozzle orientation references shall correspond with contract drawings when provided.
4. Nozzle and access hatch schedules including construction details and dimensions demonstrating conformance with this specification.  Schedules shall include the following:
a. Nozzle and access hatch mark number corresponding with contract drawings when provided.
b. Flange inside and outside diameter, with bolt circle diameter, number and diameter of bolt holes and recommended torque limits.
c. Flange and neck thicknesses.
d. Nozzle attachment inside and outside overlays.
e. Cutout reinforcement where required.
f. Blind and cover thicknesses. 
g. Access hatch details shall include cover weight and hinge details if so specified in Part 2.04 of this specification.
5. Joint details, identifying width, thickness and material composition.  Notes shall be included identifying where cut edge wrapping and any mechanical field assembly may be required.
6. Core construction details, where such balsa and/or foam material may be utilized as permitted per this Section.
7. Anchor arrangement and recommended anchoring method.
8. Concrete foundation cutout requirements to accommodate drain nozzles.
9. North arrow symbol.
10. Scaled view of Manufacturer’s tank labels.
11. Ladder, safety cage, railing and swing gate details, including lug requirements for attaching such tank top access equipment. Details shall include ladder coordination with tank pad foundation.
12. Any and all drawing revisions shall be clearly identified and noted within drawing title block, where a delta symbol with revision number inside triangle shall be placed alongside any and all drawing changes made under the revision so noted.  As each drawing revision is released for review, such notations shall be shown in red with prior revision notations shown in black.
C. Data Requirements:
1. Manufacturer’s tank catalogs, descriptive literature and specifications.
2. Design report shall include descriptive language and calculations stamped by a professional engineer substantiating materials shown on Manufacturer drawings, with drawings and related engineering work stamped.  Calculations and other engineering work shall be for record purposes, where such work shall include but not be limited to:
3. Buoyancy design considerations.
4. Type I laminate flange construction.
5. Heating panel system design, including controls, diagrams, illustrations specifications assembly and use instructions plus any other such information required for fully operational system.
6. Letter from resin supplier confirming laminate design specified within this section and detailed on submittal drawings is suitable for intended service, where letter includes confirmation of corrosion barrier resin, cure system, veil and additives and structural layer resin, cure system and additives.
7. Tank label in accordance with ANSI Z129.1 and NFPA 704, including representative precautionary labeling for hazardous chemicals stored.
8. Copy of Manufacturer’s FRPI SP9000 Laminating Process Certification certificate, which is in full force and effect with no pertinent restrictions.  Manufacturer shall maintain FRPI Laminating Process Certification until Laminate Certification is issued.
9. Certified statement from Manufacturer stating ladder and railing materials supplied meet referenced OSHA standards.
10. Specifications and details for gaskets, fasteners and other accessories.
11. Contractor’s certificate of proper satisfactory hydro test and cleaning .
12. Manufacturer’s certificate of proper installation and Laminate Certification certificate in accordance with 3.02 B.3 and FRPI SP9100.
D. All submittals required per FRPI Standard Practice SP9100 Laminate Certification, including quality control documents such as:
1. Manufacturer’s letter to Contractor certifying compliance with requirements of this Section.
2. In process and final inspection reports, including demonstration of material, dimensional and visual quality conformance to this specification.  Reports shall include non-conformity and corrective action for any deviations found.
3. Post-cure procedure for each laminate specification.
4. Factory testing:
a. Resin gel time testing per ASTM D2471.
b. Visual inspection per ASTM D2563.
c. Barcol hardness per ASTM D2583.
d. Acetone sensitivity per ASTM C582.
E. Provide copies of the following interim FRPI submittal acknowledgement release letters and final certification issued to Manufacturer by FRPI:
1. Letter 1 of 2 covering SP9100 1.4 submittals, including but not limited to: project summary, calculations, drawings, nameplate, laminate specification, postcure procedure, inner corrosion barrier suitability statement, submittal compliance statement, Manufacturer’s laminate process certification certificate and quality control hold points.
2. Letter 2 of 2 covering SP9100 1.4 submittals, including but not limited to: specifying engineer’s approvals and releases for manufacturing, product cutouts, inspection and testing records, operation and maintenance manual and notice of delivery.
3. Laminate Certification certificate, with registration number.
F. Installation, Operation and Maintenance Manual shall include:
1. Copy of approved drawing and data submittals, factory testing reports plus FRPI release letters and Laminate Certification certificate.
2. Instructions for shipping, receiving, handling, storage, installation and flange connections.
3. Concrete foundation surface smoothness and cushioning requirements for flat bottom tank interface.
4. Replacement gasket and bolt materials, with dimensions.
5. Copy of Manufacturer’s warranty statement for each tank as required by this Section.
6. Manufacturer’s recommended initial tank inspection interval.
1.07 QUALITY ASSURANCE
A. All design calculations, drawings and other engineering related submittals provided by Contractor are to be stamped by a licensed Professional Engineer employed full time by Contractor and holding an active stamp for the state in which Tanks will be installed.
B. All tank design calculations, drawings and other engineering FRP related submittals provided by Manufacturer are to be stamped by a licensed Ohio Professional Engineer employed full time or contracted by Manufacturer
C. Provide tanks laminated by an FRPI Certified Laminating Process and producing FRPI Certified Laminates in accordance with FRPI SP9000, SP9100 and Laminate Specifications referenced under Part 2.03B Laminate Materials.  A Manufacturer’s laminating process is considered to be certified when and only if the Manufacturer’s company name is posted on the FRPI website (www.frpi.org/Manufacturers.html). 
D. Reference to names of Manufacturers within this specification is for the sole purpose of setting a quality standard desired.
E. To ensure standardization of appearance, spare Parts, Manufacturer’s services, operations, maintenance and FRPI certification, all tanks and related FRP components shall be completely fabricated by a single Manufacturer.  Outsourcing FRP tank components and contracting manufacturing labor is permitted between FRPI Certified Manufacturers only, with the exception of stub flanges incorporated into nozzle fabrications as specified herein.  Stub flanges may be outsourced to domestic and foreign suppliers approved by FRPI in writing for tanks constructed with laminate specifications meeting FRPI LS500.
F. Provide systems complete and ready for service, perform work in accordance with all federal, state and local codes and ordinances and arrange for all permits, inspections, tests and registrations necessary for satisfying safety, environmental and other requirements.
G. This Section and related contract drawings when provided describe general tank requirements, but do not include every detail required for tank engineering, design, fabrication, installation and startup.  Provide such material, equipment and services so that tanks and related systems are complete and ready for operation.
1.08 DELIVERY AND STORAGE
A. Manufacturer shall properly prepare and protect tanks from damage under normal circumstances.
B. Tanks are to be shipped complete, with no fiberglass related laminating work, assembly or fabrication permitted outside of the manufacturing facility.
C. Clean tanks inside and out prior to packaging for shipment, removing all mold release materials, temporary fabrication layout lines, dirt, dust, debris, and other such undesirables.
D. Tanks shipped horizontally shall be mounted on padded cradles of sufficient size to prevent damage and adequately support tank circumference.  Suitable skid or dunnage shall be provided for tanks shipped vertically.  Cradles, skids and dunnage shall stay with tanks for protection prior to installation.
E. Sufficiently cross brace openings to maintain roundness or squareness within standard tolerances.  Plug or cover all openings to prevent entrance of undesirables such as dirt, water or debris.
F. Protect all flange faces with securely fastened durable flat blinds, ensuring that blind covering material extends to or beyond flange edges. Blind material and attachment method shall not cause abrasion to any flange surfaces or bolt holes during shipping, storage or installation.
G. Accessories not reliably attached to tanks for transportation purposes and cradled or skidded shall be properly packaged and shipped to prevent damage.  No components are allowed to be shipped inside tanks.
H. Load freight with sufficient clearances all around to eliminate potential adjacent interferences.  Firmly secure and protect all freight to prevent shifting or other movement during transportation.  Nozzles, lugs, brackets or other projections shall not be used for securing freight
I. Materials furnished for the tank which are found to be defective by the CONTRACTOR shall be rejected and replaced with material of a quality acceptable to the CONTRACTOR at no additional cost to the OWNER. 
J. Tanks shall be provided with lugs oriented during transportation for ease of proper offloading and handling at site with crane or lift truck.  Nozzles, lugs, brackets, or other projections shall not be used for lifting or rotating tanks.  Skids and cradles shall be configured and oriented during transport for ease of offloading and handling at site with crane or lift truck
K. The CONTRACTOR shall handle and store all materials carefully upon delivery to prevent distortions or other damages that could affect their structural, mechanical, or electrical integrity. Store all materials which are subject to deterioration by exposure to the elements off the ground in a well-drained location and protected from the weather. All materials shall be accessible for inspection and handling.
1.09 SEQUENCING AND SCHEDULING
A. Coordinate tank deliveries and installations in sequence with other construction activity scheduling such that utilization of existing or new openings for installation, the work of other trades and the closing in of structure openings is not delayed by tank installation.  Tanks shall not be cut or otherwise modified to facilitate installation.
B. Manufacturer’s transmission of submittals to FRPI during construction, as required for tank certification per FRPI SP9100:
1. Part 1.4 engineering design report, whereby such submittals shall be sent to FRPI for review and acceptance at same time as they are sent to Contractor and/or Owner for approval. Submittals include but are not limited to: Project summary, calculations, drawings, nameplate, laminate specification, postcure procedure, inner corrosion barrier suitability statement, submittal compliance statement, Manufacturer’s Laminating Process Certification certificate, quality control hold points plus specimen installation, operation and maintenance manual.  Any and all requests for information plus revisions of submittals of this type shall also be furnished to FRPI upon initial submittal to Contractor and/or Owner.
2. Part 1.4 production run specimens, whereby such submittals shall be sent to FRPI for review, inspection, testing and acceptance prior to Contractor and/or Owner release of tank shipment.  Submittals include but are not limited to: Owner/Engineer approvals and releases for manufacturing, fiberglass equipment cutouts and runouts, and notice of delivery.
3. Part 1.4 final records, whereby Q shall be sent to FRPI immediately following tank shipment and Manufacturer’s field inspection.  Submittals include but are not limited to: Quality control reports, Field Installation Inspection Certificate plus installation, operation and maintenance manual.
C. Tanks shall not ship until Owner/Engineer provides written acknowledgement confirming acceptance of FRPI release letters 1 and 2 of 2.
D. FRPI shall furnish SP9100 Laminate Certification certificate to Manufacturer who shall in turn furnish same to Contractor/Owner/Engineer upon Manufacturer’s satisfactory completion of field services required per this Section.
1.010 WARRANTY AND GUARANTEE
A. Furnish in accordance with Section  01 78 36 Manufacturer Product Warranties.
B. Manufacturer shall warrant in writing that their products are free from defects in design, material and workmanship under normal use and service for a period of three (3) years commencing on date FRPI Certified label is applied by Manufacturer following field services specified herein. This commencement date shall be reflected within the FRPI Laminate Certification certificate issued.
1.011 TOLERANCES
A. All tolerances pertaining to measurements such as laminate thickness, glass content, Barcol hardness, flange face flatness and perpendicularity, tank shell roundness, location of fittings and accessories and overall dimensions shall meet the more stringent requirements of referenced industry standards or as referenced within this Section.  The minimum peak deviation from flatness of flat bottom tank bearing surfaces shall not exceed lesser of 0.5 percent of surface span or a 0.5-in and 0.25-in over 4-ft, with no sharp projections or discontinuities less than 24:1 taper.
1.012 MANUFACTURER’S REPRESENTATIVE
A. Provide services of Manufacturer’s shop inspector for field inspection of tanks supplied, as required by FRPI SP9100.  Perform inspections after completion of equipment installation, field hydro testing and any cleaning required by this specification.  Independent sales representatives shall not be acceptable substitutes for shop inspectors unless they meet the requirements for third Party inspectors, as published in FRPI SP9100.  The Manufacturer’s field services work shall be considered complete once FRPI certified labels are applied at the installation site to equipment inspected, inspection report is sent to FRPI for approval and FRPI final Laminate Certification is issued to Manufacturer per FRPI SP9100
PART 2  PRODUCTS
2.01 GENERAL
A. Contractor shall be responsible for determining and communicating to Manufacturer restrictions that may prevent proper installation of tanks, including clearances required during handling, setting, anchoring, accessories installation and piping.
B. Tanks that can be constructed with a continuous shell shall be fabricated using the filament winding technique.  Those tanks that must be built in sections, shall be constructed using the contact molded or filament wound technique.  Tanks too small to filament wind may also be fabricated using contact molded techniques. All tank capacities (volumes) specified shall include only that volume in the straight shell below the overflow pipe invert elevation and above the top of the outlet pipe. At least four inches of freeboard shall be provided between the top of the overflow pipe penetration and the top of the straight shell. Tanks, whether they are constructed using the filament winding or contact molded process, shall consist of four layers: a chemical resistant barrier consisting of an inner liner layer and a secondary inner layer,  a reinforced structural layer; and an outer anti-aging layer
2.02 FIBERGLASS TANKS
A. Tanks that can be constructed with a continuous shell shall be fabricated using the filament winding technique.  Those tanks that must be built in sections, shall be constructed using the contact molded or filament wound technique.  Tanks too small to filament wind may also be fabricated using contact molded techniques. All tank capacities (volumes) specified shall include only that volume in the straight shell below the overflow pipe invert elevation and above the top of the outlet pipe. At least four inches of freeboard shall be provided between the top of the overflow pipe penetration and the top of the straight shell. Tanks, whether they are constructed using the filament winding or contact molded process, shall consist of four layers: a chemical resistant barrier consisting of an inner liner layer and a secondary inner layer,  a reinforced structural layer; and an outer anti-aging layer
B. Provide all types and quantities of tanks listed in the FRP Storage Tank Schedule(s) included at 3.10.
C. All tanks shall be designed and fabricated in accordance with ASTM D3299 and/or ASTM D4097, unless otherwise required by this specification.
D. FRP tanks shall be fabricated by a Manufacturer that has an FRPI Certified Laminating Process per FRPI SP9000 requirements.  Acceptable Manufacturers include:
1. An-Cor Industrial Plastics; North Tonawanda, NY
2. Justin Tanks; Georgetown, DE
3. CPK Manufacturing (dba Kenway); Augusta, ME
4. Other Manufacturers listed on FRPI website as possessing a current active, unrestricted FRPI Certified Laminating Process for All Equipment or Tanks
E. Tank construction shall be as follows:
1. Suitable for vertical installation, with flat bottom and ASME dish or flat top as specified within this Section.  
2. Completely shop Manufacturer tanks.  No field assembly or modification is permitted.  
3. The full cylinder thickness of finished tank shell shall be completely laminated prior to removal from mandrel.  No vertical joints in axial direction of vessel shells are permitted.
4. Shell Structural Layer thickness may vary from bottom to top, dependent on lower hydrostatic head pressure ranges based on height of liquid in tanks.  Shell minimum allowable structural thickness is 0.19-in.
5. The inner surface of vessel top and bottom heads shall be a mold surface.
6. Top and bottom heads may be laminated integrally with the tank shell or separately.  Heads laminated separately shall be molded with an integral knuckle radius and straight flange skirt, where joint connecting heads to shell shall be in shell portion with joint line at least 3-in from tangent of knuckle radius.
7. ASME dish top where shown shall be straight flange skirt and dish, where crown radius is equal to tank diameter and knuckle radius is 6% of crown radius.  
8. Flat top where shown shall be designed with external ribbing or end-grain balsa core construction when stiffening is required, where deflection under specified loading considerations shall be limited to lesser of 0.5 percent of surface span or a 0.5-in.  Rib core material shall be closed cell foam of a suitable shape accounted for in design calculations.
9. Flat bottoms and tops where shown shall have an Outer Surface that is sufficiently flat, smooth and free of irregularities and knuckle radius and reinforcement thereof shall meet ASTM D3299 or D4097 requirements.
10. Minimum Type II structural thickness of ASME dished top head is 0.19-in and fully supported flat bottom head shall be 0.19-in for tanks ≤ 6-ft diameter, 0.22-in for over 6-ft to 12-ft diameter and 0.37-in for 14-ft diameter tanks.
11. Flat bottom subject to vacuum and/or buoyancy loading shall be limited to lesser of 0.5 percent of surface span or a 0.5-in of deflection.
12. Where an internally sloped flat bottom is shown, the bottom shall have a flat outer surface and inner surface sloped ¼-in per foot towards drain.  This slope shall be developed with end-grain balsa.  When tank bottom design includes both slope and other end-grain balsa design requirements, the sloped portion shall be combined with other design requirements into a single balsa section.  This combined balsa section shall be incorporated into the laminate structural layer as a sandwich construction per this Section.  Foam core panel construction shall not be allowed for sloped section.
13. Where flat top and/or flat or sloped bottom design includes end-grain balsa core, balsa shall be incorporated into the structural layer following the cured corrosion barrier that is integrally molded with knuckle radii.  The structural FRP skin on process side of balsa shall form an integral laminate extending past balsa through knuckle radius and into tank shell or straight flange of component.  Structural FRP skin on non-process side of balsa shall also form an integral laminate extending past balsa and through knuckle radius into tank shell or straight flange of component and completely encapsulate balsa core.  Balsa core shall not be installed on molded tank top and/or bottom internal surface, with corrosion barrier and process side inner structural skin laid up as a secondary laminate.  Structural layer shall be Type II laminate construction, where minimum skin thickness on process side of balsa core shall be 0.19-in for vessels ≤ 6-ft diameter, 0.22-in for over 6-ft to 8-ft diameter and 0.37-in for over 8-ft to 14-ft diameter tanks.
14. Flat tops and/or flat or sloped bottoms designed with end-grain balsa core construction shall be no more than 2-in thick.  Balsa core designs exceeding 2-in thickness shall be layered with balsa layers not exceeding 2-in thick per each layer.  Multiple layers of balsa shall be bonded together with resin system specified for structural layer and at least one (1) 1-1/2 ounce per square foot random strand mat saturated with 70 to 75% resin.  Foam core panel construction shall not be allowed.
15. Type I laminate construction and internal ribs shall not be utilized in flat top and/or bottom construction with or without slope.
16. Internal FRP piping and brackets shall be provided where shown on contract drawings utilizing Type I and/or Type II laminate construction, with both an Inner and Outer Corrosion Barrier added to Structural Layer.  Piping shall conform to ASTM D6041 and D5421, and as otherwise specified herein, including:
a. Branches shall be 90-degree line penetrations, with centerlines matching and perpendicular to pipe line such that cant, pitch and angularity accommodates plumb and level pipe runs.  Nozzle attachments shall also be regarded as tee connections.
b. All pipe to pipe and pipe to fitting connections shall be butt wrap joints.  Butt wrap joint construction shall be hand layup.  Width of overlay shall be 16 times overlay thickness or 6-in, whichever is greater, with overlay centered on joint line.  Gaps between mating joint edges shall not exceed pipe structural wall thickness dimension or 3/8-in, whichever is less.   Paste used to fill gaps shall not protrude past inner surface of pipe, fitting or branch wall.  Paste shall be formulated with resin specified herein for Corrosion Barrier.  No adhesive or bonded type joints are permitted.
c. All accessible pipe, fitting and branch joints shall be inside overlaid with Corrosion Barrier specified herein.  Width of overlay shall be 24 times overlay thickness or 6-in, whichever is greater, with overlay centered on joint line.
d. Internal pipe support brackets shall brace pipe from oscillation during use and seismic events, where bracing shall be from two (2) opposing directions and a minimum of 45-degree angle as measured at point of pipe connection.
e. Fill and/or dip pipe(s) shall be attached to penetrating style nozzle installations per ASTM D3299 Figure 2 or D4097 Figure 6 and extend from top down to within a distance of 12-in from tank bottom Inner Surface.  ASTM D5421 Figure 1 Type B Flange on Pipe Flange Type nozzle layup methods shall not be permitted.
f. All internal tank flanges and nozzles shall be Type I laminate construction plus have both an Inner and Outer Corrosion Barrier added to Structural Layer.
g. Elbows where utilized shall be smooth turn per ASTM D6041, where mitered construction shall not be permitted.  
h. A FRP wear pad shall be installed beneath fill pipe that is six (6) times the diameter of pipe and 0.407-in thick.  Pad shall utilize Corrosion Barrier layer laminate materials as specified herein.
17. Exposed cut edges of laminates on all tank internal components that contain woven or continuous roving glass reinforcements shall be edge wrapped with the corrosion barrier specified, where the wrap shall completely cover cut edges and extend full thickness a minimum of 1-1/2-in onto adjacent surfaces.
18. Tank(s) shall be insulated at manufacturer’s facility during manufacturer of tank(s) when such insulation is shown in FRP Storage Tank Schedule(s) included at the end of this section, where insulation shall include:
a. Exposed tank shell and heads shall be covered with a closed cell polyurethane foam board.  Sprayed on foam is not permitted.
b. Foam shall be cut back from penetrations at 45-degree angle, with base of insulation terminating within 1-in of penetration.
c. Foam board thickness and density shall be as specified on tank data sheets.
d. Spaces between foam boards shall not exceed 0.5-in, where crevices shall be filled with catalyzed paste material and sanded smooth prior to insulation overlay.
e. All foam insulation shall be overlaid with a minimum of 0.19-in thick FRP applied by either hand lay-up or chop spray process. The overlay shall extend a minimum of 3-in beyond foam and onto tank shell, heads and accoutrements.
f. The FRP overlay composition shall be consistent with structural layer and outer surface laminate requirements specified in tank data sheets, where such overlay shall be pigmented to match tank outer surface color.
g. Expansion joints with minimum 2-in wide FRP flashing must be provided on shell and other areas where required to eliminate insulation FRP overlay cracking.  Shell expansion joints shall have minimum 0.125-in gap and 8-ft spacing between joints.
h. Design calculations for insulated tanks shall not consider any strength contributed by insulation FRP overlay and include results defining insulation FRP overlay thickness plus expansion gap and spacing between joints required.
i. No structural exterior overlays used to join tank components and attach accoutrements to tank(s) shall be bonded to insulation FRP overlay.
F. Tank shall be equipped with engineered heating panel system including panels placed uniformly around the tank shell, where such panels shall include considerations for:
1. Process design:
a. [bookmark: _Hlk88036603]Fluid type and viscosity: [_fill in__].
b. Initial fluid temperature: [_fill in__].
c. Heat-up required (change in temperature): [_fill in__].
d. Maintain fluid temperature: [_fill in__].
e. Minimum ambient temperature: [_fill in__].
f. Maximum ambient temperature: [_fill in__].
g. Insulation type and thickness: As specified herein.
h. Maximum tank wall temperature: [_fill in__].
i. Supply voltage: [_fill in__].
j. Area classification: Non-hazardous.
2. Equipment design:
a. Control box mounted on FRP standoff bracket.  Bracket shall be a minimum of ¼-in thick and laminated to tank shell utilizing structural layer laminate materials as specified herein.
b. Control thermostat set to maintain fluid temperature per design and a high-level thermostat set to limit panels so they do not overheat and damage tank.
c. Thermostats shall be placed behind removeable FRP covers secured to tank insulation FRP overlay, where such overlay shall be locally reinforced to provide a durable attachment site for cover.
d. FRP Threaded couplings and/or nipples shall be used at insulation FRP overlay penetrations, where:
1) Fittings shall be installed following the same requirements as specified within this Section for nozzles of the same size.
2) Outside surface of fitting that receive secondary attachment overlay shall be ground smooth with a contour providing mechanical lock and primed with Atprime 2 secondary bonding agent prior to fitting installation.
3) Thermoplastic and metallic couplings and nipples are not allowed.
e. All insulation FRP overlay penetrations shall be sealed to prevent infiltration of liquid into insulation during all weather and tank cleaning events 

G. Design calculations supporting tank component thicknesses shall include all applicable loads individually or in combination, where required by references in Part 1.03, FRP storage tank schedules, design criteria listed below and best engineering practices:
1. External load on top head in addition to personnel load:  [_fill in__].
2. Wind:  [_fill in__].
3. Snow, ice and water:  [_fill in__].
4. Seismic:  [_fill in__].
5. Buoyancy:
a. Tank empty at time of flood.
b. Maximum external flood level from tank foundation:  [_fill in__].
c. Specific gravity of flood liquid:  [_fill in__].
6. Mixer:
a. Dead weight:  [_fill in__].
b. Shaft bending Moment:  [_fill in__].
c. Motor startup torque:  [_fill in__].
d. Vertical [down][up] load:  [_fill in__].
e. Bridge dead weight:  By tank Manufacturer.
H. Tank design shall not include or otherwise rely on external or internal bracing, ribs, hoops, anchors or support wires, unless otherwise specified in this Section.
I. FRP workmanship:
1. No layout markings, scratches, dings, sharp resin cured glass fiber projections, sharp edges or corners, major color variation or significant resin finish coat inconsistencies shall be permitted.
2. All plies of reinforcement shall be uniformly saturated with specified and properly catalyzed resin to achieve resin to reinforcement ratio values per ASTM C582 or Manufacturer data determined with ASTM D2584 testing.
3. All cut or machined edges and exterior surfaces shall be de-burred, chamfered, smooth and resin finish coated.
4. Resin finish coat work shall be free of defects such as but not limited to pinholes, excessive or inadequate film build, dry spots, drips, runs, sagging, foreign inclusions, improper filler hydration and acetone sensitivity per ASTM C582 9.2.2.  Any such defects shall be removed from the coat and the coat reapplied.  The finish coat shall be free from substantial color variation.
2.03 LAMINATE MATERIALS
A. FRPI Laminate Certification shall be provided for all tanks per FRPI SP9100 requirements.
B. Chemical storage tanks shall have a non-fire retardant exterior (Non-FR) per ASTM E84 where used in waste water treatment and have laminate construction meeting FRPI Laminate Specifications referenced below by chemical service description and summarized within Laminate Design Data Schedule [_fill in_]-2 attached to this Section:
1. FRPI Laminate Specification LS500 shall be used for all tanks in the following chemical service(s) with concentrations up to 100%: AlnCl(3n-m)(OH)m Polyaluminum Chloride (PAC), AlCl3 Aluminum Chloride, Al2Cl(OH)5 Aluminum Chlorohydrate, Al2(SO4)3 Aluminum Sulfate, FeCl3 Ferric Chloride, H3PO4  Phosphoric Acid, KMnO4 Potassium Permanganate, NaHSO3 Sodium Bisulfite or Liquid Polymers and Flocculating Agents.
2. FRPI Laminate Specification LS532 shall be used for all tanks in the following chemical service(s): Concentrations up to 50% NaOH Sodium Hydroxide, 100% Ca(OH)2 Calcium Hydroxide, 45% KOH Potassium Hydroxide or 35% H2SiF6 Hydrofluosilicic Acid.
3. chemical service: Concentrations up to 15% NaOCl Sodium Hypochlorite.
4. FRPI Laminate Specification LS514 shall be used for all tanks in the following chemical service: Concentrations up to 37% HCl Hydrochloric Acid.
C. Laminate design and construction shall include the following requirements:
1. Inner Surface shall be hand layup process incorporating surface veil specified in this section and have 90% resin content.  C-Glass may be substituted for Synthetic Polyester where such veil is recommended by Resin Supplier.  Where Inner Surface layup is a non-mold surface and exposed to ambient air, such surface shall be resin finish coated with minimum 0.005-inches (5 mils) paraffinated top coat of formulation recommended by resin supplier and fully cured.
2. Interior Layer shall be laminated utilizing the hand layup or chop spray process.  The chop reinforcement shall be random strand glass fiber chopped from continuous roving whereas the fiber shall be of the same size and weight as 1-1/2 ounce per square foot random strand mat, with 70 to 75% resin content.
3. Where Corrosion Barrier is specified as Nonstructural by a “Yes” in Laminate Design Data Schedules attached to this section, this layer sequence shall not be considered as contributing to the components strength when calculating the thickness of the Structural Layer.  This design requirement applies to all components and attachment joint inside overlays.  
4. An Inner and Outer Corrosion barrier shall be provided for all surfaces exposed to process for such internal vessel accoutrements as dip pipes, baffles and brackets.
5. Inner Corrosion Barrier shall be neat clear resin, whereas no non-disappearing catalyst colorant, pigment, paint, thixotropic agents or other additives are allowed that shall interfere with visual inspection or chemical resistance.  Additives such as surfactants and antifoaming agents are permitted for improved reinforcement wet out and air bubble release when such additives are named within resin supplier letter(s) confirming laminate design suitability for intended service.
6. Structural Layer for cylindrical tank walls may be filament wound at an angle determined by the Manufacturer, where a minimum 22 mil layer of ¾ ounce per square foot chopped strand glass or equivalent thickness of chop shall be applied as a bedding layer for first pass filament wound glass strands between the cured Inner Corrosion Barrier and Structural Layer.
7. Structural Layer shall have a minimum thickness as calculated by Manufacturer given application and 28 to no more than 80% reinforcement content, with structural thickness no less than minimums specified within this section.
8. All laminate thicknesses for tanks shall be calculated such that 10:1 factor of safety for internal and 5:1 for external pressure has been provided, with strain limited to 0.001 for hand lay-up laminates.  Strain for filament wound laminates shall be limited to 1/10 of strain at failure, where strain at failure shall be proven by Manufacturer per ASTM D638 tensile and ASTM D2584 glass content testing methods.  Laminate designs used for proof of allowable strain used in calculations submitted shall be representative of same laminate sequence and resin to glass ratio as used for tanks shown on drawings submitted.
9. Safety factors for combined loads shall be 10:1 for sustained loads and 5:1 for intermittent loads. Use a 5:1 safety factor where individual or combined sustained loads are combined with individual or combined intermittent loads.  Loadings to be considered as minimum shall be as specified in Part 2.01 paragraph E. The greater laminate thicknesses as determined by this paragraph and Part 2.02 paragraph D.8 shall be used.
10. Corrosion Barrier Nonstructural thickness where specified shall be added to Structural Layer calculated thickness following the rules in ASTM D3299 for internal pressure severe service and by adding the required Corrosion Allowance thickness to the result for wall thickness “t” following ASTM D3299 design for external pressure and ASTM D4097 design requirement rules.
11. Minimum longitudinal tensile strength shall be 9,000 psi for all Structural Layer laminate construction per ASTM D3299 and D4097.
12. For all inside (interior) overlays on sodium hypochlorite tanks, the interior installation laminate composition and thickness shall be equal to Inner Corrosion Barrier specified plus include one (1) additional 0.043-in (43 mils) 1-1/2 ounce per square foot random strand mat.
13. Outer Surface shall be coated with a 5-mil unreinforced resin rich layer containing paraffin wax, ultra violet light inhibitor and pigment where specified herein.
14. Structural Layer and Outer Surface shall be neat clear resin unless otherwise specified under Part 2.02, whereas no non-disappearing catalyst colorant, pigment, paint, thixotropic agents or other additives are allowed that may interfere with visual inspection or chemical resistance.  Where pigment and surface veil requirements are specified under Part 2.02 they shall be incorporated into and take precedence over referenced FRPI Laminate Specification requirements.   Additives such as surfactants and antifoaming agents are permitted for improved reinforcement wet out and air bubble release when such additives are named within resin supplier letter(s) confirming laminate design suitability for intended service.
15. Gel coating and painting will not be permitted for any FRP surface.
16. The resins specified within the laminate specifications shall be as supplied by AOC, Ashland, Interplastic or Reichhold.  Where more than one (1) resin type is specified within a complete Laminate Design, only one (1) resin supplier’s brand will be permitted.
17. Only Uni-axial stitched glass reinforcements are allowed where required with filament winding in order to meet the requirements of this Section.  Reinforcing such as random strand mat stitched to woven roving shall not be permitted.
18. Tank shell and pipe components constructed of Type I and Type II laminates shall be laid up on a continuously rotating mandrel such that random strand mat, chopped glass and woven roving materials are spiral wound when forming laminate.
19. Vacuum infusion and other such closed or contained laminating process shall not be permitted.
D. The Structural Layer and Outer Surface for indoor tanks shall be clear for tanks with Non-FR fire retardant exterior, whereas no pigment, paint or other additives are allowed that shall interfere with visual inspection.
E. The Outer Surface for outdoor tanks shall be pigmented and include a 10 mil glass veil containing 90 percent resin by weight.  Pigment color shall be submitted for approval.
F. For tanks requiring railing or ladders, a uniform durable non-slip surface shall be provided on entire tank top and incorporated into Outer Surface of laminate.
2.04 FITTINGS AND ACCESSORIES
A. All tanks shall be furnished with flanged nozzle and access hatch sizes listed within the FRP Storage Tank Schedule [_fill in_]-1 attached to this section and in locations as shown on drawings.  Provide such fittings and other accessories as specified herein.
B. Flanged nozzle construction shall meet ASTM D3299 or D4097 and D5421, including the following requirements:
1. Minimum nozzle size shall be 2-in.
2. Hand layup construction using Type II laminate composition per ASTM C582, whereas nozzles less than or equal to 4-in may be Type I with flange minimum structural thickness increased by eighteen (18) percent and hub dimensions proportioned accordingly to account for lower strength of material.  Nozzle construction shall be Type A integral stub and flange with pressure category A 25 psi per ASTM D5421.  No filament winding, rotational molding, resin transfer, vacuum infusion, compression molding or casting shall be permitted for any portion of flange fabrication.
3. Minimum stub flange structural thicknesses shall meet ASTM D3299 or D4097.  Where nonstructural Corrosion Barrier is required within reference Laminate Specifications, such Corrosion Allowance thickness shall be accounted for and added to stub flange wall, hub and flange dimensions stated in standards and not regarded in design as contributing to strength of stub flange. Minimum flange thickness, structure plus Corrosion Allowance, shall be measured at bolt hole in washer seating area.
4. All nozzle installation penetrations shall be reinforced with cutout reinforcement per ASTM D3299 or D4097 where tank wall or head is cut in an area bearing hydrostatic head pressure.
5. All nozzles shall be Flush-Type and installed per ASTM D3299 or D4097, where outside installation laminate and cutout reinforcement requirements are placed as all exterior material.  No adhesive or bonded type joints are permitted.
6. Bottom drain nozzle shall be full drain type, where centerline of nozzle neck shall be at same elevation as Inner Surface of tank bottom.
7. Outside (exterior) installation laminate minimum thickness shall be 0.19-in, where outside installation laminate and cutout reinforcement requirements are defined per ASTM D3299 or D4097.  The inside (interior) installation laminate composition and thickness shall be equal to the Inner Corrosion Barrier specified herein plus include one (1) additional 0.043-in (43 mils) 1-1/2 ounce per square foot random strand mat layer.
8. Nozzles shall project a minimum of 6-in from either inside or outside diameter of tank shell to flange face.  Projection shall be increased to allow a minimum of 3-in clearance between back of flange face and outer surface of nozzle installation laminate when such clearance is encroached on by balsa core materials, tank insulation and jacketing plus flange thicknesses.
9. Gussets for nozzles 4-in and smaller shall be Plate-Type or Conical-Type per ASTM D3299 or D4097, whereas gusset(s) extends out to and support outside diameter of nozzle flange.
10. All bolt holes shall be shop drilled.  Back spot face washer seat and resin finish coat all machined surfaces of flange and surrounding area, with all sharp edges and projections removed.
11. Nozzle penetrations in flat tops and/or flat or sloped bottoms designed with end-grain balsa core construction shall have their full thickness outside installation laminate bonded directly to the structural FRP skin on process side of balsa, with balsa material fit over installation laminate and laminated in place on both sides to suit design.  A Type II sealing overlay shall be applied at the outer surface joint area composed of a minimum 0.119-in (119 mils) thickness plus outer surface material as specified herein and carried onto each adjoining laminate surface a minimum of 3-in.
C. Threaded nipples and couplings and bulkhead style fittings shall not be permitted.
D. Side entry access hatch (manway) shall be provided for all tanks greater than or equal to 6-ft inside diameter.
E. Top entry flanged access hatch (manway) shall be provided for all tanks greater than 2 feet inside diameter but less than 6 feet inside diameter.
F. Access hatch (manway) construction shall meet ASTM D3299 or D4097 including the following requirements:
1. Hand layup construction using Type II laminate composition per ASTM C582.  Nozzle construction shall be Type A integral stub and flange.  No filament winding, rotational molding, resin transfer, vacuum infusion, compression molding or casting shall be permitted for any portion of flange fabrication.
2. Minimum access hatch stub flange structural thicknesses shall meet ASTM D3299 or D4097.  Where nonstructural Corrosion Barrier is required within reference Laminate Specifications, such Corrosion Allowance thickness shall be accounted of and added to stub flange wall, hub and flange thickness stated in standards and not regard in design as contributing to strength of stub flange. Minimum flange thickness, structure plus Corrosion Allowance, shall be measured at bolt hole in washer seating area.
3. All access hatch installation penetrations shall be reinforced with cutout reinforcement per ASTM D3299 or D4097 where tank wall or head is cut in an area bearing hydrostatic head pressure.
4. All access hatches shall be Flush-Type and installed per ASTM D3299 or D4097, where outside installation laminate and cutout reinforcement requirements are placed as all exterior material.  No adhesive or bonded type joints shall be permitted.
5. Outside (exterior) installation laminate minimum thickness shall be minimum 0.22-in, where outside installation laminate and cutout reinforcement requirements are defined per ASTM D3299 or D4097. The inside (interior) installation laminate composition and thickness shall be equal to the Inner Corrosion Barrier specified in Part 2.02 plus include one (1) additional 0.043-in (43 mils) 1-1/2 ounce per square foot random strand mat layer.
6. Cover shall be flat or domed, with a minimum of one (1) FRP handle.  Handle shall be laminated to cover, with no mechanical fasteners utilized.
7. Provide two (2) FRP hinges for side and top access hatch covers greater than 18-in diameter. A [_fill in_] davit may be substituted for hinges on side access hatch covers. Hinges or davits for side access hatch covers shall be designed to support weight of cover plus a two-hundred-fifty pound load.
8. Manway shall project a minimum of 6-in from either inside or outside diameter of tank shell to flange face.  Projection shall be increased to allow a minimum of 3-in clearance between back of flange face and outer surface of nozzle installation laminate when such clearance is encroached on by balsa core materials, tank insulation and jacketing plus flange thicknesses.
9. All bolt holes shall be shop drilled. Back spot face washer seat and resin finish coat all machined surfaces of flange and surrounding area, with all sharp edges and projections removed.
10. Manway penetrations in flat tops with end-grain balsa core construction shall have their full thickness outside installation laminate bonded directly to the structural FRP skin on process side of balsa, with balsa material fit over installation laminate and laminated in place on both sides to suit design.  A Type II sealing overlay shall be applied at the outer surface joint area composed of a minimum 0.119-in (119 mils) thickness plus outer surface material as specified herein and carried onto each adjoining laminate surface a minimum of 3-in.
G. Fiberglass reinforced plastic standoff brackets shall be provided for overflow pipe and site tube support.  Brackets shall be laminated to tank shell utilizing structural layer laminate materials as specified in Part 2.02, providing support at a maximum spacing of six (6) feet between bracket centers.  
H. All gaskets and fasteners required for nozzles and manways with mating parts supplied by Manufacturer shall be furnished by Manufacturer, where:
1. Gasket material shall be [_fill in_], with a shore A hardness of 60 to 70.  Gaskets shall be full face, predrilled to match flange bolt pattern plus single piece construction.  Minimum gasket thickness shall be 1/8-in for flanges less than or equal to 6-in, 3/16-in for flanges greater than 6-in and up to 18-in and 1/4-in for flanges equal to or greater than 20-in diameter.
2. Fastener material shall be Type [_fill in_] and properly sized to fit gasketed or non-gasketed connections.  Washers shall meet SAE or ASME B18.22.1 Type A Narrow washer seat requirements.  Lock washes are not permitted.
I. Provide tanks with lifting and handling lugs as Manufacturer determines are required to properly handle tanks as designed by Manufacturer.  Lug design shall not penetrate structural layer and include as a minimum:
1. Two (2) lifting lugs made from FRP or [_fill in_] plate embedded in FRP.  All FRP shall meet the requirements of this specification.
2. Lifting lug eyes shall accommodate sufficiently sized shackles for attachment to rigging gear.
3. Calculations by Manufacturer supporting lifting lug design.
J. Provide tanks with anchor lugs required to not interfere with access hatch and properly secure tank to foundation, given applicable loads and as designed by Manufacturer.  Anchor design shall not penetrate structural layer and shall include as a minimum:
1. Four (4) lugs and all related materials (i.e. bearing plates, shims and clips) made from FRP or [_fill in_].  Where lugs are made from [_fill in_] and not used in conjunction with FRP shear collar as restraints, they shall be embedded in FRP.  All FRP shall meet the requirements of this specification.
2. Calculations by Manufacturer supporting anchor lug design.
3. Anchor stud sizing, material and installation by Contractor.
4. Tie-down lugs shall be capable of withstanding buoyancy of empty tank in a containment area flooded to the containment elevation. Refer to Drawings for containment height. Contractor shall be responsible for complete anchor bolt design and layout (including embedment lengths and edge distances) required per each tank. Contractor shall coordinate anchor bolt design and layout with Tank Manufacturer’s tie down lug design and layout. Tie down lugs and anchor bolts shall be designed for all applicable loadings in accordance with the Ohio Building Code and ASCE 7. Calculations shall be submitted by Manufacturer supporting anchor lug design. Drawings and calculations sealed and signed by a Professional Engineer shall be submitted to Engineer for approval and verification that foundations are capable of resisting loads
5. Studs or other such concrete embedment’s shall be [_fill in_].
K. Provide each of the tanks with a clear sight glass gauge that will give visual indication of tank liquid level from a point 6-inches above the bottom of the tank to a point 6-inches below the junction of the side and top of the tank.  The sight gauge shall have flange connections and clearly show the liquid level inside the tank. The sight gauge shall be clearly marked with major graduations (10/total tank capacity) and minor graduations (10/major graduation).  The gauge shall be one- or 2-piece, minimum of 3/4-inch diameter for caustic storage, or 3-inch diameter for polymer storage, the glass tube adequately protected from breakage by use of cast or heavy-duty sheet metal guards extending the length of the gauge.  At the connections to the tank, the gauge shall be provided with shutoff valves equipped with ball checks to prevent tank leakage in case of tube breakage.  The valves shall be flanged directly to the fittings on the tank.  Wetted hardware shall be Type 316 stainless steel.
L. Ladders and Railings:
1. Ladders shall meet the requirements of OSHA 29 CFR 1910.27 and be equipped with safety cage where required.  Ladders must adequately be standoff from tank, be anchored to foundation have gooseneck at top and properly interface with railing such that no fall hazard exists.
2. Railings with standard toe board around perimeter of tank top shall meet the requirements of OSHA 29 CFR 1910.23.  Include passage through railing at ladder location for access to tank top, with swinging gate preventing personnel from walking directly into opening once on top of tank.
3. Ladders, safety cages, railings, swing gates and tank mounted attachment lugs shall be constructed of FRP.  All fasteners shall be 316 SS.
a. Ladder, cage and railing system(s) shall be pre-fit with tank by Manufacturer in shop utilizing bolted connections to assure ease of field assembly and then partially disassembled if necessary for shipment on skid.
b. Each tank ladder shall be equipped with a fall prevention system equal to the North Consumer Products "Saf-T-Climb" system. All construction materials shall be identical to the materials of construction of the ladder. The fall prevention system shall be equipped with rung clamp assemblies at 6 ft. maximum spacing and a dismount section extending 4’-6” above the landing level or 2 ft. above a railing. The fall prevention system shall meet or exceed federal specification RR-S-001301 and all OSHA regulations. Equipment shall be tested according to ANSI 14.3.
M. Heating: 
1. Self-regulating heater panels for outdoors tanks shall be selected and furnished by the MANUFACTURER for tanks of the shape and capacity indicated to maintain contents at approximately 65 degrees with a minimum ambient temperature of 45 degrees.
2. Control components of the heating system shall be enclosed in a water-tight high impact plastic box with a gasketed cover.  System components shall be NEMA 4X rated and factory pre-wired for 120 V ac minimum.  Electrical connections shall be clearly identified.  Control boxes shall have an electrical circuit diagram attached inside the cover.
3. Controls shall allow the operator to vary the low and high temperature setpoints.  The high temperature shall be 10 degrees F higher than the low setpoint, to a maximum of 130 degrees F.  Control system shall be designed for power off failure mode.
4. Heating panels shall wrap around and lie flat against the FRP surface.  Maximum heating density shall be 0.022 watt per square centimeter.  Heating panels and thermostat bulbs shall be attached to the tank by 2-inch duct tape.  Tape type heaters shall not be used.
5. The heat tracing system for each tank shall be provided with a temperature controller electrically rated to control all the tank’s heat trace segments, and high and low temperature alarms.  Temperature alarms shall be provided as dry contact outputs
6. Each tank shall be provided with a flexible connector resistant to the specified chemical to allow for expansion and contraction of the tank and to isolate the tank from vibration. Flexible connectors shall be provided for each connection located at the bottom of the tank, tank fill, tank recirculation / pump overflow, and as shown on the Drawings, by the Contractor.
N. Vent lines shall be top-mounted. Each tank vent shall be extended to the atmosphere and shall have a fiberglass vent insect screen. The vent outlet shall be designed to prevent rainwater infiltration. Vent lines shall be supplied and furnished by the Contractor as required or as directed by the Engineer.
O. Contractor shall provide each storage tank fill line with piping and valves as shown on the Drawings. The dry quick connections shall be provided between the delivery vehicle and the chemical storage tank. The dry quick connections shall be resistant to corrosion by the specified chemicals and shall be provided with fittings, quick lock coupling and dust cap and chain.
P. Tank Signage:
1. Furnish a waterproof permanent label laminated directly on the side of tank just above the side entrance manway or in a prominent location in the event of no side manway. Label lettering shall be at least 1/4-inch-high black text on light colored background for high contrast. Label shall include the following data:
a. Manufacturer’s name.
b. Date of manufacture.
c. Manufacturer tank reference number.
d. FRPI certification registration number.
e. Owner’s equipment identification number.
f. Capacity.
g. Weight empty.
h. Chemistry and specific gravity.
i. Design Pressure and temperature rating.
j. Corrosion barrier resin, cure system and surface veil type.
k. Declaration of whether corrosion barrier is structural or nonstructural.
l. Structural layer and outer surface resin and cure system.
m. Warning that liquid level must be maintained above heat panel elevation when operating panels.
2. Provide two identification labels per tank with a minimum of 6-in high lettering stating chemical name and tank number as required to meet local, state and federal aboveground storage tank regulations. Coordinate label message with Owner equipment labeling scheme. Color of lettering shall distinctly contrast with tank color and be submitted for approval by Engineer.
3. Provide two precautionary adhesive backed vinyl labels per tank in accordance with the requirements of ANSI Z129.1, NFPA 704 and as required to meet local, state and federal aboveground storage tank regulations. Labels shall be a minimum of 18-in high.
4. All signage shall be uniformly located in a highly visible area on each tank, applied with adhesives or paint, shall be water and ultraviolet light resistant and of a permanent nature.  Do not affix labels with mechanical fasteners. Contractor identification and precautionary labeling shall be located for proper visibility and where approved in field by Engineer.
2.05 MANUFACTURER INSPECTION AND QUALITY CONTROL
A. Quality control shall include both in process and a final inspection by Manufacturer per requirements of FRPI SP9000 and SP9100, with a written record of results submitted to Engineer as required per this Section.  In process inspection shall include balsa core material moisture content monitoring with conformance to best published industry quality control practices, where moisture content shall be less than 15 percent and there shall be no wet spots or contamination.  Final inspection prior to shipment shall include checks for laminate visual quality, resin cure, dimensional verification, thickness, review of certified test results for tests such as Barcol hardness, cutouts review, and corrective action taken for any non-conformity reports generated.  Barcol hardness of surfaces reinforced with synthetic polyester shall meet a minimum of 90 percent of resin supplier’s published recommended hardness as determined following ASTM D2583 minus three (3) points.
B. Infra-Red Spectral Analysis shall be performed by FRPI per FRPI SP9100 to randomly verify proper generic resin type has been utilized for Sodium Hypochlorite applications.
C. The Manufacturer shall provide adequate lead time to the contractor, who shall in turn notify the owner, owner’s engineer and owner’s or engineer’s designated agent at the engineer’s direction, for coordination of optional participation in major component inspection prior to assembly and Manufacturer’s final inspection.
D. The engineer reserves the right to inspect and reject any and all equipment being manufactured that does not fully and completely meet the requirements of this specification.  Fabrication and inspection records shall be made available upon request.  The owner, engineer or owner’s or engineer’s designated agent shall have adequate, open and safe access to the Manufacturer’s facility at all times during regular business hours for the purpose of inspecting equipment being manufactured.
E. The Manufacturer shall make any and all inspection tools readily available to parties that may participate in inspection.  Such tools shall be in a good state of repair and properly calibrated for accurate measurement.  Tanks shall be oriented for safe entry prior to reasonably announced inspector arrival. 
F. Final acceptance by contractor and FRPI releases per Part 1.05 D are not in lieu of nor shall they be construed as altering or otherwise compromise Manufacturer’s obligations to meet the requirements of this section or warranty so provided


PART 3  EXECUTION
3.01 INSTALLATION
A. Tanks shall be placed on suitable level concrete foundation and anchored in accordance with Manufacturer’s recommendations.  Reinforced concrete foundations surfaces shall be clean, dry and free from all dirt, laitance, form fins, honeycombs, depressions and sharp projections.  All cracks and recesses shall be properly repaired.  The surface shall have a troweled finish per American Concrete Institute standard ACI-301, Section 11.7.3 Trowel Finish.
B. Foundation should be swept clean just prior to setting tanks.  A compressible material, such as a minimum of two (2) plies of thirty (30) pound roofing felt, shall be placed on foundation under tanks prior to setting.  Tank bottoms shall not be grouted.
C. Caution should be exercised when setting tanks on foundation, with special attention paid to drain nozzles and other such projections that interface with the adjacent area or could get entangled and damaged during handling.
D. Contractor shall assemble Manufacturer supplied heating panel system in accordance with Manufacturer’s instructions and tie into electrical supply.
E. Apply chemical identification and precautionary labeling in locations Approved by Engineer.
F. Paint mixer support bridges in accordance with Section [_fill in_].
3.02 FIELD INSPECTION AND PERFORMANCE TESTING
A. Contractor shall provide a field hydro test for tanks, whereby tanks shall be filled with water to invert of overflow nozzle and held for a period of twenty-four (24) hours with no sign of leakage or loss of volume.  Separate blind flanges, test gaskets of a material specified in this section and fasteners required for hydro test shall be provided by contractor if final piping and shutoff valves are not in place.  Manufacturer recommended bolt torque sequence and values shall be followed.  Final piping connections made following successful hydro test with blind flanges shall utilize new gaskets as specified within this section. . Upon satisfactory completion of test, Contractor shall drain the tank and dispose of water in a suitable manner.
B. Manufacturer’s Field Services:
1. Manufacturer’s services shall be provided in accordance with FRPI SP9100, as referenced in Part 1.12 paragraph A above. Such services shall be performed after tank installation, hydro test and cleaning as required herein. 
2. Contractor shall coordinate Manufacturer services provided after hydro test and cleaning such that only one (1) Manufacturer trip to site is required to perform all inspection activities, unless otherwise agreed in writing with Manufacturer.
3. Manufacturer’s obligation under substantial completion is satisfied with Manufacturer’s field application of FRPI Certified label(s), Manufacturer’s submittal of certificate of proper installation per Part 1.07 paragraph C and FRPI Laminate Certification certificate per Part 1.07 paragraph C.
3.03 CLEANING
A. Tanks shall be thoroughly cleaned inside and out by contractor prior to receiving first chemical delivery.  Tank cleaning process shall use materials that shall not harm tank.
3.04 PIPING SUPPORT
A. All horizontal sections of piping inside the containment area and trench shall be supported by thermoplastic pads at maximum 5-foot intervals to prevent the piping from resting directly on concrete.
B. For vertical piping exterior and interior to the tank, all pipe supports, hardware, accessories, etc., hall be provided for connections as shown in the Tank Schedule. Vertical piping into the tanks shall be supported every five feet and shall be parallel to the tank wall. External vertical piping shall be not less than 6 inches from the tank wall. Support locations for piping installed within the tank shall be coordinated with equipment to be installed within the tank and shall be as shown in the Drawings. All piping into the tanks shall be supported such that no weight is placed on the tank or its connections.
3.05 WORKMANSHIP
A. Visual Defects: ASTM D 2563 shall be used for quality control of both filament-wound and hand lay-up construction.  Acceptance levels shall be as follows:
	Process Surface
	Defects

	Blisters
	None

	Burned Areas
	None

	Chips
	None

	Cracks
	None

	Crazing
	None

	Entrapped Air
	None at surface.  If in laminate, 1/16-in dia max and 5/sq in max.

	Exposed Glass
	None

	Exposed Cut Edges
	None

	Foreign Matter
	None

	Pits
	Max 1/8-in dia. by 1/32-in deep, max 10/sq ft.

	Scratches
	None (coated)

	Surface Porosity
	None

	Wrinkles
	Max deviation 10 percent of wall thickness

	Sharp Discontinuity
	None

	Blisters
	Max 1/4-in dia. 1/16-in high

	Burned Areas
	None

	Chips
	Max 1/4-in with max thickness of 20 percent of wall

	Cracks
	None

	Crazing
	Slight

	Dry Spots
	Max 2 sq in/sq ft

	Entrapped Air
	1/8-in dia.  max; no more than 3 percent of area

	Exposed Glass
	None

	Exposed Cut Edges
	None

	Foreign Matter
	None if it affects the properties of laminate

	Pits
	Max 1/8-in dia. by 1/16-in deep

	Scratches
	None (coated)

	Surface Porosity
	None

	Wrinkles
	Max deviation 20 percent of wall thickness, but not exceed 1/8-in

	Sharp Discontinuity
	None



B. If the area fails to meet the requirements of entrapped air or voids in less than 40 percent of the total surface, those areas shall be repaired and reinspected.  If the defective areas exceed 40 percent of the total surface, the entire vessel shall be rejected.
3.06 BOLTS, ANCHOR BOLTS, WASHERS, SUPPORTS, AND HOLD DOWN LUGS
A. The CONTRACTOR shall provide bolts, anchor bolts, nuts, washers, levelling grout, and supports as required for the plastic and fiber glass items in this Section and in accordance with the requirements of the MANUFACTURERS of the plastic and fiber glass items.  Bolts, anchor bolts, washers, hold down lugs, and supports required in connection with the plastic or fiber glass items shall be of Type 316 stainless steel.
B. Instrumentation accessories shall be suitable for flanged connections on the top of the tank and shall be designed in accordance with Sections xx xx xx – Level Measuring and xx xx xx – Level Detection.
C. Valve accessories shall be suitable for flanged connections on the top of the tank.
1. Pressure relief valve in accordance with Section xx xx xx – Pressure Relief Valves.
D. Vent line with Insect screen for outside installation above the roof.
E. Shop Inspection:  The ENGINEER shall be permitted access to the manufacturing area during fabrication and shall be notified one week prior to the estimated date of tests and/or inspections.  Final inspection and approval shall be obtained prior to shipment unless written waiver is obtained.  
3.07 MANUFACTURER’S FIELD SERVICES
A. The services of a qualified manufacturer's technical representative shall be provided in accordance with Section xx xx xx, Equipment - General Provisions, and shall include the following site visits as a minimum:
	Service
	Number of  Trips per tank
	Number of   Days/Trip

	Installation, Inspection, Testing, Startup,
	1
	1



3.08 INSTALLATION
A. All piping, valves, fittings, conduit, wiring, etc., required to interconnect system components shall be furnished and installed by the Contractor.
B. All metallic fasteners, brackets, mounting hardware, and accessories located in chemical storage and feed areas shall be constructed of corrosion-resistant metals as specified in the Tank Schedule.
C. The Contractor shall install a minimum of two (2) layers of roofing felt between each concrete pad and storage tank. The tanks shall be installed on level pads.
3.09 FIELD INSPECTION AND TESTING
A. Field inspection shall include the following:
B. An acetone wipe test of field laminated areas to check for surface cure.  No surface tackiness is permitted.
C. A Barcol hardness test of field laminated areas, at least 90 percent of manufacturer's specified hardness must be attained.
D. After the tank has completed a successful hydrostatic test, the tank shall undergo a mechanical integrity test using Acoustical Emission Test (AE Test) in accordance with the latest version of ASTME 1067. The Contractor shall secure the services of Non-Destructive Evaluation International (Indian Trail, NC), Stress Engineering Services, Inc. (Mason, OH) or an equally qualified firm to perform the AE testing. Firms shall be considered equally qualified by demonstrating the following:
1. The firm shall specialize in AE testing.
2. The firm shall have all necessary equipment to perform AE testing.
3. The firm shall have a minimum of five (5) years of experience in AE testing and shall provide a list of AE tests performed to demonstrate experience.
4. The firm’s testing staff shall have a minimum of five (5) years of experience with AE testing	
E. Contractor shall provide all labor and materials necessary for completing AE testing including water to fill tanks with during testing. After testing is completed, a final report shall be submitted to the Engineer. In the event the AE test results indicate repairs are required; the tank manufacturer shall promptly repair all faulty areas of the tank as identified by the test. The tank shall then be re-tested using the hydrostatic test and the AE test. The second AE test report shall be submitted to the Engineer. Any tank failing the second hydrostatic test, or the AE test shall be removed from the project site and replaced with a new tank at no cost to the Owner. The replacement tank shall undergo hydrostatic and AE testing and shall be subject to the same acceptance criteria as the initial tank. This process shall be repeated until all tanks provided to the project pass the AE test.
3.010 TANK SCHEDULE
	CHEMICAL NAME
	
	
	
	

	SCHEDULE [_fill in_]-1
FIBERGLASS REINFORCED (FRP) STORAGE TANK GENERAL DESIGN DATA

	TANK FUNCTION
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	
	
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Equipment Number(s)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Number of Tanks
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Diameter (feet)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Invert of Overflow Height (feet-inches)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Volume to Invert of Overflow (gallons)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Operating Pressure
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Design Pressure
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Chemical Properties:
	
	
	
	

	Concentration (%)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	pH Range
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Specific Gravity
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Tank Top Type (ASME dish and/or Flat top)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Tank Bottom Type (Flat and/or Internally Sloped)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Tank Location (indoor or outdoor)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Operating Temperature Range (degrees F)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Design Temperature Range (degrees F)
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Mixer Bridge
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Tank Baffle Data:
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	      Number
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	      Length
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	      Width
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Insulation
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Heating Panel System
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]

	Tank Nozzle and Access Hatch functions and sizes (locations as shown on drawings):
	
	
	
	

	Vent
	[    6-in     ]
	[    6-in     ]
	[    6-in     ]
	[    6-in     ]

	Fill
	[    2-in     ]
	[    2-in     ]
	[    2-in     ]
	[    2-in     ]

	Overflow
	[    4-in     ]
	[    4-in     ]
	[    4-in     ]
	[    4-in     ]

	Level Indicator
	[    3-in     ]
	[    3-in     ]
	[    3-in     ]
	[    3-in     ]

	High Level Sensor
	[    3-in     ]
	[    3-in     ]
	[    3-in     ]
	[    3-in     ]

	Low Level Sensor
	[    3-in     ]
	[    3-in     ]
	[    3-in     ]
	[    3-in     ]

	Side Bottom Drain
	[    2-in     ]
	[    2-in     ]
	[    2-in     ]
	[    2-in     ]

	Full Bottom Drain
	[    2-in     ]
	[    2-in     ]
	[    2-in     ]
	[    2-in     ]

	Spare
	[    4-in     ]
	[    4-in     ]
	[    4-in     ]
	[    4-in     ]

	Top Access Hatch (manway)
	[ 24-in top entry manway with hinged cover ]
	[ 24-in top entry manway with hinged cover ]
	[ 24-in top entry manway with hinged cover ]
	[ 24-in top entry manway with hinged cover ]

	Side Bottom Access Hatch (manway)
	[ 24-in side entry manway at 36-in elevation to center above tank bottom ]
	[ 24-in side entry manway at 36-in elevation to center above tank bottom ]
	[ 24-in side entry manway at 36-in elevation to center above tank bottom ]
	[ 24-in side entry manway at 36-in elevation to center above tank bottom ]

	FRPI Laminate Spec No.
	[_fill in_]
	[_fill in_]
	[_fill in_]
	[_fill in_]




	SCHEDULE [_fill in_]-2
FIBERGLASS REINFORCED PLASTIC (FRP) TANK LAMINATE DESIGN DATA
CHEMICAL STORAGE FOR WASTEWATER TREATMENT WITH NON FIRE RETARDANT EXTERIOR

	LAMINATE SPECIFICATION
	LS500
	LS532
	[__LS672___]
	LS514

	
	
	
	
	

	Corrosion Barrier (CB):
	
	
	
	

	Laminate Type per ASTM C582
	I
	I
	I
	I

	Contact Molding Process
	Hand Lay-up or Chop Spray
	Hand Lay-up or Chop Spray
	Hand Lay-up or Chop Spray
	Hand Lay-up or Chop Spray

	Resin Content
	70 to 75%
	70 to 75%
	70 to 75%
	70 to 75%

	Resin
	Bis-A EVER
	Bis-A EVER
	Bromated  Bis-A EVER
	Bis-A EVER

	Fire Retardant per ASTM E84
	Non-FR
	Non-FR
	Class II
	Non-FR

	Synergist for Fire Retardancy
	None
	None
	None
	None

	Cure
	MEKP/CoNap
	MEKP/CoNap
	DMA-DEA/BPO
	MEKP/CoNap

	Inner Surface (Veil)
	(1) C-Glass
	(2) Synthetic PE
	(2) Synthetic PE
	(2) C-Glass

	Interior Layer (Chop Mat)
	86 mils 1.5 oz/sf
	86 mils 1.5 oz/sf
	86 mils 1.5 oz/sf
	172 mils 1.5 oz/sf Acid Resistant Glass

	Corrosion Barrier Thickness 
	96 mils (0.096")
	106 mils (0.106")
	106 mils (0.106")
	192 mils (0.192")

	 is Nonstructural
	No
	Yes
	Yes
	Yes

	Visual Quality Standard
	ASTM D2563   Level II
	ASTM D2563      Level II
	ASTM D2563      Level II
	ASTM D2563      Level II

	Bubble Defect Density Limits
	4/sq in
	4/sq in
	4/sq in
	4/sq in

	Maximum Visual Imperfections Repair
	5% Component Surface Area
	3% Component Surface Area
	3% Component Surface Area
	3% Component Surface Area

	
	
	
	
	

	Structural Layer (SL):
	
	
	
	

	Contact Molding Process
	Hand Lay-up, Chop Spray or Filament Wound
	Hand Lay-up, Chop Spray or Filament Wound
	Hand Lay-up, Chop Spray or Filament Wound
	Hand Lay-up, Chop Spray or Filament Wound

	Filament Winding Wind Angles
	As Required
	As Required
	As Required
	As Required

	Reinforcement Content
	25 to 80%
	25 to 80%
	25 to 80%
	25 to 80%

	Resin
	Bis-A EVER
	Bis-A EVER
	Bis-A EVER
	Bis-A EVER

	Fire Retardant per ASTM E84
	Non-FR
	Non-FR
	Non-FR
	Non-FR

	Synergist for Fire Retardancy
	None
	None
	None
	None

	Cure
	MEKP/CoNap
	MEKP/CoNap
	MEKP/CoNap
	MEKP/CoNap

	Bedding Layer Following CB
	22 mils 3/4 oz/sf
	22 mils 3/4 oz/sf
	22 mils 3/4 oz/sf
	22 mils 3/4 oz/sf

	Tapered (top to bottom)
	Yes
	Yes
	Yes
	Yes

	Pigment (outer most full sub-layer)
	No
	No
	No
	No

	Minimum Thickness
	Per Spec and Design
	Per Spec and Design
	Per Spec and Design
	Per Spec and Design

	
	
	
	
	

	Outer Surface (OS):
	
	
	
	

	Contact Molding Process
	Hand Lay-up or Chop Spray
	Hand Lay-up or Chop Spray
	Hand Lay-up or Chop Spray
	Hand Lay-up or Chop Spray

	Resin
	Bis-A EVER
	Bis-A EVER
	Bis-A EVER
	Bis-A EVER

	Fire Retardant per ASTM E84
	Non-FR
	Non-FR
	Non-FR
	Non-FR

	Synergist for Fire Retardancy
	None
	None
	None
	None

	Cure
	MEKP/CoNap
	MEKP/CoNap
	MEKP/CoNap
	MEKP/CoNap

	Resin Rich Wax Coating
	Yes
	Yes
	Yes
	Yes

	UV Light Protection
	Yes
	Yes
	Yes
	Yes

	10 mil Glass Veil
	No
	No
	No
	No

	Pigment
	No
	No
	No
	No

	Minimum Thickness
	5 mils
	5 mils
	5 mils
	5 mils

	
	
	
	
	

	Visual Quality SL and OS:
	
	
	
	

	Standard
	ASTM D2563   Level II
	ASTM D2563      Level II
	ASTM D2563      Level II
	ASTM D2563      Level II

	Bubble Defect Density Limits
	10/sq in 1/16" or 4/sq in up to 1/8"
	10/sq in 1/16" or 4/sq in up to 1/8"
	10/sq in 1/16" or 4/sq in up to 1/8"
	10/sq in 1/16" or 4/sq in up to 1/8"

	Maximum Visual Imperfections Repair
	10% Component Surface Area
	5.0% Component Surface Area
	5.0% Component Surface Area
	5.0% Component Surface Area
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