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1. GENERAL REQUIREMENTS

1.1. SCOPE:
The Contractor shall be responsible for all labor, materials and equipment necessary for the design, fabrication, construction, insulation, painting and testing of an all welded steel Thermal Energy Storage (TES) tank constructed at grade level on a concrete foundation.  

Design, fabrication, and construction of the TES tank shall conform to all requirements of the latest revision of AWWA D100 – “Standard for Welded Steel Tanks for Water Storage” or the latest edition and addendum of API 650 – “Welded Tanks for Oil Storage” except as modified by the requirements of these specifications.  
If AWWA D100 is used for the design, then the Contractor may use Section 14 of the AWWA D100, provided all of the requirements of this specification have been incorporated into the design.

If API 650 is used for the design, then the Contractor may use any of the appendices of the API 650 standard for the design of the TES tank, provided all of the requirements of this specification have been incorporated into the design.

1.2. EXPERIENCE OF CONTRACTOR
The Contractor shall have experience in the design and construction of TES projects with scopes of work similar to those required in this specification.  The Contractor may be required to provide 100% payment and performance bonds ensuring the satisfactory completion of this project.  The Contractor will provide a list of at least three (3) TES projects with customer contact information.  The Contractor may submit additional experience in the design and construction of all welded steel tank projects, as well as the experience of the design team that will be working on this project.


1.3. PROJECT SCHEDULE
A TES tank project typically requires approximately twelve (12) months.  Larger, more complex projects may require more than twelve months.  Suitable weather is required for construction of the foundation and for field painting operations.
2. STANDARDS, CODES AND GUIDES:

The materials, design, fabrication, erection, painting and inspection of the welded steel TES tank, shall conform to the latest revision of the following:

2.1. American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE):  Design Guide for Cool Thermal Storage


2.2. American Water Works Association (AWWA):
2.2.1. AWWA D100 “Standard for Welded Steel Tanks for Water Storage”
2.2.2. AWWA D102 Painting Steel Water Storage Tanks.
2.3. American Petroleum Institute (API)

2.3.1. API 650 “Welded Tanks for Oil Storage”

2.3.2. API Standard 2000 “Venting Atmospheric and Low-Pressure Storage Tanks: Non-Refrigerated and Refrigerated”

2.4. National Fire Protection Association – only to be used for those tanks that are to be used in a dual mode of TES and / or fire protection, in case of an emergency.

2.4.1. NFPA 22 “Water Tanks for Private Fire Protection”


2.5. Steel Structures Painting Manual
2.5.1. Volume 1 – Good Painting Practice

2.5.2. Volume 2 – Systems and Specifications.


2.6. AWS (American Welding Society):  Applicable Standards


2.7. ACI (American Concrete Institute)

2.7.1. ACI 318 – building Code Requirements for Reinforced Concrete

2.7.2. ACI 301 – Standard Specification for Structural Concrete
2.8. ASCE (American Society of Civil Engineers)

2.8.1. ASCE/SEI 7 “Minimum Design Loads for Buildings and Other Structures”

2.9. OSHA (Occupational Safety and Health Administration).  All applicable regulations as established by the Occupational Safety and Health Act and other government authorities shall apply.

Here after, in this specification, applicable standard(s) refers to the above listed standard(s) that are applicable to the design, fabrication, and construction of the TES tank.


3. PERMITS, LICENSES, AND EASEMENTS

3.1. Permits, licenses, fees and airspace authority approval and any easements required for the construction of the TES tank and associated work shall be the responsibility of the Owner, unless otherwise established by the specifications.


4. SUBMITTALS
4.1. The bidder shall submit with his proposal:
4.1.1. As a minimum, a list of  three (3) TES tanks constructed by the Contractor including the Owner’s contact information.

4.1.2. A preliminary  sketch of the tank showing major dimensions and plate thickness.

4.1.3. A preliminary foundation design sketch showing major dimensions and approximate quantities of concrete and reinforcing steel (if foundation design is included in Contractor’s scope and based on the foundation design recommendations presented in a Geotechnical Report).
4.1.4. A list of any Exceptions or Clarifications to these specifications and the contract documents.

4.2. The Contractor will provide the following for review and approval, after project award:
4.2.1. Tank and foundation structural design drawings sealed by a professional engineer.
4.2.2. Tank design calculations, orientation and elevation views depicting locations of all penetrations and appurtenances sealed by a professional engineer.
4.2.3. Tank thermal design calculations.

4.2.4. Detailed painting specifications with data sheets and color samples.
4.2.5. Insulation specifications, design calculations with data sheets and color samples.
4.2.6. Welder’s certifications in accordance with AWWA D100, API 650, as applicable.

5. OPERATION AND MAINTENANCE
5.1. The Contractor will provide 2 copies of the Operation and Maintenance Manual at least two weeks prior to turnover of the TES tank.


6. PRODUCTS
6.1. GENERAL
6.1.1. The TES tank will be designed utilizing the principal of thermal stratification for storing warm and cold water in a single storage tank, as outlined in the ASHRAE Design Guide for Cool Thermal Storage.
6.1.2. The diffuser design for stratification shall be based upon proven flow distribution calculations to maintain the operating thermocline between the cold and warm water.
6.1.3. The TES system will be integrated with a chilled water supply system (provided by others). 


6.2. DESIGN CRITERIA
6.2.1. The TES tank shall be designed, fabricated, constructed and tested in accordance with the latest edition of the applicable standard(s) used (AWWA D100, including Section 14, API 650, or NFPA 22).
6.2.2. The tank roof design shall be a low pitch cone design or self-supporting cone or dome roof.  The roof and any structural members shall be sized for all loads per the applicable standard(s) and any loads from the internal diffuser system.

6.2.3. The tank shall be design to store a minimum of ____________ ton-hours of chilled water.

6.2.4. The maximum tank diameter will be ________ feet (if limited).

6.2.5. The maximum high water level will be ________ feet (if limited).

6.2.6. Wind Load:  Wind velocity, in mph, shall be determined in accordance with the applicable standard(s) based on the geographical location of the TES tank.  [For tanks located in coastal regions, the Owner should consider the use of an increased wind load.]
6.2.7. Snow Load:  The snow load shall be determined in accordance with the applicable standard(s) based on the geographical location of the TES tank.  The snow load must be applied in accordance with the applicable standard(s).  [For tanks located in snow-prone regions, the Owner should consider the use of an increased snow load.]
6.2.8. Seismic Load
Design in accordance with the applicable standard(s) based on the geographical location of the TES tank.  The following factors shall be used:

6.2.8.1. S =   ________  (site class)

6.2.8.2. I =    ________  (importance factor)
6.2.8.3. SS = ________ (short period spectral response)

6.2.8.4. S1 = ________ (1 second period spectral response)
6.2.9. The specific gravity of the chilled water will be 1.00, unless otherwise specified.
6.2.10. The Owner or Engineer shall indicate if the working fluid is water or other mixture (such as glycol).
6.3. DIFFUSER:  The Contractor shall provide all necessary internal flow distributors (diffuser) as required to meet or exceed the thermal performance specified in these specifications.  The internals shall be fully designed, fabricated, and installed by the Contractor. The design shall be based upon proven flow distribution calculations to maintain the operating thermocline between the cold and warm water. Components of the diffuser shall be designed to be supported by the tank shell and / or roof structural members.  


6.4. INSULATION:  The TES tank will be provided with a rigid-type insulation as specified herein.  [The Owner may consider a alternate sprayed foam type insulation in consideration of saving costs on the project.]
6.4.1. A rigid insulation board of polyurethane or polyisocyanurate, with pre-attached aluminum foil vapor barriers.
6.4.2. The insulating boards shall be installed as single or multiple layers.
6.4.3. The outermost layer of the insulation board shall be bonded (laminated) to an aluminum jacket of 0.024 inch minimum thickness, to provide weather and mechanical protection.
6.4.4. The metal jacket on both the shell and roof shall have a vertical standing closure seam.
6.4.5. The insulation system shall include removable insulated covers for the Manholes (shell and roof).

6.4.6. Penetrations through the metal jacket shall be sealed with a flexible sealant.
6.4.7. An external insulation system inside the concrete ringwall foundation shall be provided as necessary to meet the heat gain limits as stated in the specification.


7. SYSTEM PERFORMANCE
7.1. STORAGE CAPACITY:  The TES system shall be capable of storing and delivering a minimum of __________ ton-hours of thermal energy as chilled water at the supply and return temperatures specified below.


7.2. RECHARGE:  Warm water at  ___ ºF will be removed from the top of the TES tank at a maximum rate of _____ GPM, chilled to ___ ºF and returned to the bottom of the tank.


7.3. DISCHARGE: Cold water at a minimum of ___ ºF shall be removed from the bottom of the TES tank at a maximum rate of ______ GPM and warm water at ___ ºF shall be returned to the top of the tank. 


7.4. HEAT GAIN: The TES tank will limit the ambient heat gain to less than 2% of the initial rated thermal storage capacity in a 24-hour period based on the 1.0% ambient air dry bulb temperature for the particular location.


7.5. HEAD LOSS: The total hydraulic head loss from the tank inlet flange to the tank outlet flange at the maximum design flow rate will be a maximum of ____ feet.


8. ACCESSORIES
8.1. The following accessories shall be provided in accordance with these specifications and applicable standards.  All items shall be in full  conformance with the current applicable OSHA safety regulations and the operating requirements of the structure.


8.2. LADDERS:  An exterior tank ladder shall be attached to the tank shell extending from approximately 8’ above top of foundation to the top of the shell.  Ladder side rails shall be a minimum 3/8 inch by 2 inches with a 16 inch clear spacing.  Rungs shall be not less than 3/4 inch, round or square bars, spaced at 12 inch centers.  The surface of the rungs shall be knurled, dimpled or otherwise treated to minimize slipping.  Ladders shall be secured to the tank by brackets located at intervals not exceeding 10 feet.  Brackets shall be of sufficient length to provide a minimum distance of 7 inches from the center of the rung to the nearest permanent object behind the ladder.  [The Owner may consider a spiral stairway on the exterior of the tank, for an added cost.]

Ladders shall be equipped with a cage or fall arrest system meeting OSHA regulations.  The system shall be supplied complete with safety harnesses, locking mechanisms, lanyards and accessories for two persons.


8.3. TANK VENT:  All TES tank venting shall be in accordance with the applicable standard(s).  The tank vent shall be centrally located on the tank roof above the maximum weir crest elevation.  The tank vent shall have an intake and relief capacity sized so that excessive pressure or vacuum will not develop during maximum flow rate.  The vent shall be designed, constructed and screened so as to prevent the ingress of wind driven debris, insects, birds and animals.  The vent shall be designed to operate when frosted over or otherwise clogged.  The screens or relief material shall not be damaged by the occurrence and shall return automatically to operating position after the blockage is cleared.


8.4. ROOF HATCHES:  Provide two access hatches on the roof of the tank.  One hatch shall be 30 inch diameter and allow access from the roof to the interior of the tank.  The hatch will be hinged and equipped with a hasp for locking. The hatch cover shall have a 2 inch downward edge.  The second hatch will be 24 inch diameter and flanged with a removable cover so constructed that an exhaust fan may be connected for ventilation during painting operations.  The openings shall have a minimum 4 inch curb above the insulation surface.


8.5. SHELL MANHOLES:  One 30 inch diameter and one 24 inch diameter shell manhole shall be provided near grade level to allow access to the tank interior.  The manholes are to be located approximately 180 degrees apart.  The manhole cover plate shall be hinged or otherwise self-supported and shall open outward.


8.6. PAINTERS ACCESS:  Pipe couplings with plugs in the roof or other attachments that provide complete access for painting shall be furnished.


8.7. CHWS:  One (1) ______ inch diameter cold (supply) inlet/outlet nozzle.


8.8. CHWR:  One (1) ______ inch diameter warm (return) inlet/outlet nozzle.


8.9. FILL LINE:  One (1) ______ inch diameter fill/drain nozzle with an internal downturned elbow, internal piping terminating 2 inches above the tank floor, and an externally mounted manual shut-off valve.


8.10. OVERFLOW:  One (1) ______ inch overflow nozzle:   The overflow pipe shall be designed to carry the maximum design flow rate of ________GPM.  The steel overflow pipe shall have a minimum wall thickness of ¼”.  A suitable overflow weir shall be provided inside the tank with the crest located at High Water Level.  The overflow pipe shall extend from the weir and down tank terminating approximately 1 to 2 feet above grade and discharge onto a concrete splash pad.  The point of discharge shall have a 45 degree elbow and be equipped with a stainless steel screen.


8.11. THERMOWELLS:  Install one (1) ¾ inch diameter shell-mounted Class 3000 FTE coupling every two feet vertical along the side of the exterior ladder.  These will be used for installation of thermowells and instrumentation (to be furnished and installed by others). 


8.12. LEVEL SENSOR:  One (1) roof nozzle or shell pressure coupling for level instrument mounting (to be provided and installed by others).


8.13. GROUNDING:  Grounding lugs as required by the applicable standard(s).


9. FABRICATION AND CONSTRUCTION
9.1. FABRICATION AND INSPECTION
9.1.1. Mill or shop inspections shall be in accordance with the applicable standard(s).
9.1.2. All fabrication and shop assembly shall conform to the requirements of the applicable standard(s) for Shop Fabrication.

9.1.3. Inspection of shop and field welds shall be in accordance with the applicable standard(s) for Inspection and Testing.  All inspection shall be performed prior to interior and exterior field painting.  The testing shall be performed by an independent testing agency with all cost included in the Contractor’s bid and paid by the Contractor.


9.2. FOUNDATION
9.2.1. The foundation shall be designed and constructed to safely and permanently support the structure.  The basis of the foundation design and construction shall be based on the geotechnical report.  The geotechnical report shall be provided by the Owner.  Appropriate changes to construction schedule and price will be negotiated if, during excavation, soil conditions are encountered which differ from those described in geotechnical report.  The concrete foundation shall be constructed in accordance with ACI 301.  Minimum concrete compressive strength shall be as _________ psi, “Cast-In-Place Concrete”.

9.2.2. The foundation will be sloped to prevent the accumulation of rainwater. 
9.2.3. The tank shell will be supported by a ½” thick fiber board.  If the tank shell must be leveled due to the foundation being out of tolerance, then the shell will be leveled and supported by shim stacks as needed; any voids between the tank bottom plate and the top of the foundation will be grouted upon completion of all tank work.
9.2.4. A six (6) inch minimum clean and compacted sand cushion shall be supplied under the tank bottom. 
9.3. WELDING
9.3.1. All field welding shall conform to the applicable standard(s).
9.3.2. Tank shell welds shall be  checked by spot radiography in accordance with the requirements of the applicable standard(s).
9.3.3. Welding procedures and welding operators shall be qualified in accordance with ASME Section IX. All field welding may be done by the shielded metal arc welding process, the gas metal arc welding process, the flux core arc welding process, or the submerged arc welding process. Shop welding may be done by the shielded metal arc process, submerged arc welding process, gas metal arc welding process, or flux core metal arc welding process.
9.3.4. Plates and component members of the tank shall be assembled and welded following erection methods which result in a minimum of distortion from weld shrinkage. The weld metal shall meet or exceed the minimum requirements for visual inspection in the applicable standard(s), and as set forth in the applicable standard(s) radiographic acceptance criteria. Surfaces to be welded shall be free from loose scale, slag, heavy rust, grease, paint, and other foreign material.


10. COATINGS & FINISHES
10.1. This section addresses cleaning, abrasive blast cleaning and painting of all interior and exterior steel surfaces.  Work also includes disinfection of the tank after coating, if required.


10.2. PAINT SUBMITTALS
Before beginning the work the contractor shall provide the Engineer with the following information:

10.2.1. Name of the protective coating supplier and manufacturers data for the paint systems being used.

10.2.2. A listing of the specific products proposed for use including but not limited to: abrasive materials, paint, solvents, thinners, etc.

10.2.3. Product data sheets for each of the proposed materials.

10.2.4. Samples of the color specified for owner approval.


10.3. PAINT QUALITY ASSURANCE 

10.3.1. Only paint and painting materials as specified shall be used.  

10.3.2. Paint shall be delivered in new, sealed containers with labels containing the designated name, specification number, color, directions for use, manufacturer and date of manufacture.  

10.3.3. All manufacturers’ instructions shall be carefully followed in the preparation, mixing, application, curing or drying and handling of the paint.  

10.3.4. All prime, intermediate and finish coating materials shall be applied in different color shades.

10.3.5. Paint shall be stored in a location that is protected from the elements, well ventilated and free from excessive heat or open flame sources.  

10.3.6. The contractor shall obtain the Inspector’s written approval of the steel surface preparation and of each coat of paint, before applying succeeding coats.  Such approval will not relieve the contractor of his obligations under the contract.  Inspections may be waived by written notice to the contractor.

10.3.7. The contractor shall record environmental conditions, at the beginning of each daily operation, thirty minutes before painting beings and every hour during painting operations, on the attached Environmental Conditions Report.  

10.3.8. Painting shall be performed by skilled painters using the materials and methods specified.


10.4. HEALTH AND SAFETY 
The Contractor shall comply with all regulations as established by the Occupational Safety and Health Act and other government authorities. Current Material Safety Data Sheets shall be available on site for all products used. Workers shall wear proper protection devices.  Where ventilation is used, all equipment shall be explosion proof.  Temporary ladders and scaffolding systems shall conform to applicable safety requirements.  It shall be the responsibility of the Contractor to adequately protect, shield or cover all structure, machinery, equipment and openings as required to prevent damage or contamination from the work procedures.  The work area shall be kept clean at all times, consistent with the type of work being performed.  


10.5. PAINT TESTING
Dry Coating thickness measurements shall be made using a Magnetic Gauge.  Tolerances to be in accordance with SSPC-PA 2 Measurement of Dry Coating Thickness with Magnetic Gauges.  Additional coats shall be applied as required to obtain the specified thickness.  The Contractor will be required to perform Holiday Testing as soon as the work is sufficiently cured according to the manufacturer’s recommendations.  All pinholes and deficiencies will be repaired.


10.6. PAINT SITE CONDITIONS 
The Contractor shall ensure that surface and ambient conditions are in compliance with the manufacturer’s instructions immediately prior to and during application and for the period of curing.  No paint shall be applied when the surrounding air temperature, as measured in the shade, is above or below the manufacturer’s specifications.  No paint shall be applied when the temperature of the surface to be painted is below manufacturer’s recommended application temperature.  Painting shall not be applied to wet or damp surfaces or when the ambient temperature is less than 5 degrees above the dew point.


10.7. SURFACE PREPARATION AND SHOP APPLICATION OF PRIME COAT
10.7.1. INTERIOR
Remove all oil or greasy contamination from the surface prior to blast cleaning.  All interior wet surfaces shall be abrasive blast cleaned to a SSPC SP-10 Near White Finish with a surface profile compatible with the paint manufacturer’s recommendations.  Interior dry surfaces shall be cleaned to a SSPC SP-6 Commercial Finish.  Immediately after blasting and before any rusting occurs, apply one coat of shop primer as per the interior paint specifications.
10.7.2. EXTERIOR 
Remove all oil or greasy contamination from the surface prior to blast cleaning.  All surfaces shall be abrasive blast cleaned to a SSPC SP-6 Commercial Finish with a surface profile compatible with the paint manufacturer’s recommendations.  Immediately after blasting and before any rusting occurs, apply one coat of shop primer as per the exterior paint specifications.
10.7.3. FIELD SURFACE PREPARATION 
After erection and prior to field touch up, all surfaces shall be cleaned to remove all surface contamination including oil, grease, dust, dirt and foreign matter.  Weld slag, weld spatter and other sharp or rough projections shall be removed.  All rusted, abraded and unpainted areas on the interior wet area shall be abrasive blast cleaned to a near white finish in accordance with SSPC SP-10.  All other rusted, abraded and unpainted areas shall be either abrasive blast or mechanically cleaned to a SSPC SP-6 Commercial Finish.


10.8. PAINT APPLICATION
Coating materials to be applied in successive coats as specified by the manufacturer to attain the required dry film thickness for each system.  Coatings to be applied without sags, foreign materials contamination or blemishes. Acceptable manufacturers include:  Sherwin Williams, Tnemec, and Devoe. 

Apply prime coat after blast cleaning and prior to flash rusting.  If rust appears as a result of delay in primer application, the surface shall be re-blasted to specified surface preparation.  A six-inch strip of blasted uncoated bare steel shall be left between the primed area and the edge of the steel plate.


10.9. COATING SYSTEMS
10.9.1. INTERIOR WET COATING:  Interior wet coating systems will be applied within the following dry film thickness:
10.9.1.1. Prime Coat – One coat High Solids Epoxy by spray to a dry film thickness of 2-3 mils.
10.9.1.2. Weld Seams –High Solids Epoxy Brush apply to a dry film thickness of 2-3 mils.
10.9.1.3. Finish Coat – One coat High Solids Epoxy by spray to a dry film thickness of 4-6 mils.
10.9.1.4. Minimum DFT of paint system for interior wet coating to be 6 mils.
10.9.2. EXTERIOR COATING:  Exterior coating systems will be applied within the following dry film thickness:
10.9.2.1. Prime Coat – One coat epoxy Primer by spray to a dry film thickness of 2-3 mils.
10.9.2.2. Weld Seams – Epoxy Primer Brush apply to a dry film thickness of 2-3 mils.
10.9.2.3. Finish Coat (un-insulated surfaces only) - One coat Gloss Aliphatic Polyurethane by spray, brush or roller to a dry film thickness of 2-3 mils.
10.9.2.4. Minimum DFT of exterior un-insulated paint system to be 4 mils
10.9.3. INTERIOR DRY COATING:  Interior dry coating systems will be applied within the following dry film thickness:
10.9.3.1. Prime Coat – One coat High Solids Epoxy by spray to a dry film thickness of 2-3 mils.
10.9.3.2. Weld Seams – High Solids Epoxy Brush apply to a dry film thickness of 2-3 mils.
10.9.3.3. Finish Coat – One coat High Solids Epoxy by spray to a dry film thickness of 4-6 mils.
10.9.3.4. Minimum DFT of paint system for interior dry coating to be 6 mils.


10.10. PAINT CLEANUP
After completion of painting, remove all traces of splashed materials, paint droppings, and spots from finished and adjacent surfaces.  

11. TESTING
11.1. HYDROSTATIC TEST
After the tank is completed, the shell shall be tested by filling with water to the high liquid level and inspecting for leaks.  The Owner has the option to fill and test the tank after the completion and acceptance of the tank coating, but prior to the installation of insulation. Upon completion of an acceptable test, the test water may be retained for process use. Water supply, pumping, cleaning, flushing, disposal, and any necessary water treatment is the responsibility of the Owner.
The owner is responsible for specifying any requirements for stage loading and monitoring of foundation settlement during the hydrotest.


11.2. PERFORMANCE TESTING
11.2.1. The Owner has the option of conducting a performance test of the TES system to verify its ability to meet the performance requirements of these specifications. The test will take place within 60 days of substantial completion of the TES System. Prior to the test, the Owner/Engineer will have data confirming that the chilled water supply system is operational.
11.2.2. If the design cooling load is not available at the time of testing, the performance test shall be based on recharging and holding portions of the TES system testing.
11.2.3. Supply and operation of all mechanical equipment, controls and data recording devices shall be by the responsibility of the Owner or the Owner’s representative. The Contractor will provide a qualified engineer to monitor the test. The Contractor will review the test data and issue a written report to the owner.
11.2.4. The TES System will have met the specified capacity requirements if after the flow of one complete tank volume, the stored capacity is equal to or greater than the design requirement.


11.3. PREPARATION:
11.3.1. The Owner shall notify the Contractor at least three (3) weeks prior to test date.
11.3.2. At least the lowest eight (8) feet of the water in the storage tank will be chilled to the design supply temperature and will be held for three (3) days to confirm that the soil and foundation have reached a steady state thermal condition.
11.3.3. The Owner will confirm that calibrated inlet/outlet flow meter, inlet/outlet temperature and pressure instrumentation, and thermal charge instrumentation are all operational.


11.4. TEST PROCEDURE:
11.4.1. The TES system will be brought to a fully discharged condition (all water at approximately ___ ºF) to initiate the tank charging performance test, which will begin within one hour of the lowest tank temperature element reading rising above ___ ºF.
11.4.2. Tank charging test, conducted at up to the maximum design rate:
11.4.2.1. Record tank inlet and outlet temperatures and flow at fifteen (15) minute intervals.
11.4.2.2. Cooling capacity delivered into storage during the fifteen (15) minute intervals will be calculated from the flow and temperature recordings. The total stored capacity will be calculated from the sum of the capacities from all intervals.
11.4.3. Heat gain verification test, conducted with no flow at the tank:
11.4.3.1. Maintain the tank in a stagnant condition for at least ten (10) hours, while recording the ambient air temperature at fifteen (15) minute intervals.
11.4.3.2. Heat gain into storage during the holding test will be calculated from the tank temperature recordings at the start and end of the holding period. The total heat gain rate will be calculated using the recorded ambient air temperatures and then adjusted to predict heat gain at the design ambient air temperature.
11.4.4. Tank discharging test, conducted at up to the maximum design rate:
11.4.4.1. Record tank inlet and outlet temperatures and flow at fifteen (15) minute intervals.
11.4.4.2. Cooling capacity delivered from storage during the fifteen (15) minute intervals will be calculated from the flow and temperature recordings. The total delivered capacity will be calculated from the sum of the capacities from all intervals.
11.4.5. Head loss verification test, conducted during tank charging or discharging:
11.4.5.1. Record tank flow rate and tank inlet and outlet pressures, at any flow up to the maximum design rate.
11.4.5.2. Head loss through storage from inlet flange to outlet flange will be the difference in the inlet and outlet pressure recordings.
11.4.6. Flow measurement verification:
The rate of movement of the “thermocline” (temperature gradient zone), as calculated by the time elapsed while the thermocline moves up in the tank (during charging) or down in the tank (during discharging) between known elevations of the thermal charge instrumentation, can be used as a means to confirm or correct the flow meter values.


12. WARRANTIES
12.1. THERMAL PERFORMANCE WARRANTY
The Contractor warrants the thermal performance of the TES Tank as specified in this specification.


12.2. MATERIALS AND WORKMANSHIP WARRANTY
12.2.1. The Contractor will provide a 1-year warranty for materials and workmanship of the TES Tank.
12.2.2. The Contractor will also offer priced, extended, multi-year warrantees for material and workmanship with its bid.
12.2.3. The Contractor will not warrant the load bearing capacity or settlement of the soils beneath the foundation.


12.3. SUBCONTRACTOR WARRANTIES
12.3.1. All warranties obtained by the Contractor from the manufacturer or installer of paint, insulation, equipment or accessories not manufactured by the Contractor shall be obtained for the benefit of the Owner.
12.3.2. Again, priced, extended multi-year warranties are requested to be submitted with the Contractor’s bid.
12.3.3. The tank and tank internal flow diffusers are to be of the Contractor’s own design and supply.
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