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[bookmark: _GoBack]SECTION 263213 – STATIONARY PACKAGED ENGINE GENERATOR
GENERAL
SUMMARY
Related Documents:
Drawings and general provisions of the Subcontract apply to this Section.
Review these documents for coordination with additional requirements and information that apply to work under this Section.
Section Includes:
[___] kW/[___] kVA diesel engine-generator set and accessories, [with an outdoor, sound attenuating enclosure,] skid mounted [with a sub-base fuel oil tank and interconnecting piping], starting batteries and battery support, 120 volt charger, radiator exhaust, engine exhaust filter and silencing system.
Related Sections:
Division 01, Section 010000, General Requirements.
Division 01, Section 013500, Special Procedures.
Division 01, Section 013523.11, Lateral Force Provisions.
Division 07, Section 078413, Penetration Firestopping.
Division 26, Section 260500, Common Work Results for Electrical.
Division 26, Section 260501, Inspections and Testing for Electrical Work.
Division 26, Section 260519.11, 600 Volt Conductors and Cable.
Division 26, Section 260523, Low-Voltage Electrical Power Conductors and Cables (24 Volt AC/DC or Less).
Division 26, Section 260526, Secondary Grounding for Electrical Systems.
Division 26, Section 260533, Electrical Conduit.
Division 26, Section 260533.13, Boxes for Electrical Systems.
Division 26, Section 260553, Identification for Electrical Services.
Division 26, Section 260573, Electrical System Studies.
Division 26, Section 263623, Automatic Transfer Switch with Bypass-Isolation Feature.
REFERENCES
General:
The following documents form part of the Specifications to the extent stated.  Where differences exist between codes and standards, the one affording the greatest protection shall apply.
Unless otherwise noted, the edition of the referenced code or standard that is current at the time of the “date of record” for the Work shall be considered the effective code or standard for the duration of the project.
Refer to Division 01, Section 010000, General Requirements, for the list of applicable regulatory requirements.
Refer to specific Division 26 Sections for additional referenced codes and standards.
ANSI/NFPA 70 - National Electrical Code.
ASTM International.
California Building Code (CBC).
California Fire Code (CFC).
LBNL Construction Details and Design Guidelines; Vol. 3 Construction Details; Part VI Electrical Details.
LBNL Electrical Authority Having Jurisdiction: Standard Procedure for Safe Electrical Installations (IAHJ Program).
LBNL Electrical Safety Manual.
LBNL Facilities Department Lateral Force Design Criteria.
LBNL Pub-3000 Chapter 8 – Electrical Safety Program.
LBNL Pub-3000 Chapter 14 – Electrical Equipment Safety Program.
LBNL Pub-3000 Chapter 18 – Lockout/Tagout Program.
NFPA – National Fire Protection Association:
NFPA 30 – Flammable and Combustible Liquids Code.
NFPA 37 – Standard for the Use and Installation of Stationary Combustion Engines and Gas Turbines.
NFPA 70 – National Electrical Code (NEC).
NFPA 110 – Standard for Emergency and Standby Power Systems.
NFPA 262 – Standard Method of Test for Flame Travel and Smoke of Wires and Cables for Use in Air Handling Spaces.
NEMA – National Electrical Manufacturers Association:
NEMA MG 1 – Standard for Motors and Generators.
NEMA 250 – Enclosures for Electrical Equipment (1000 Volts Maximum).
NEMA WC 5 – Thermoplastic‑Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy.
NEMA AB 1 – Molded Case Circuit Breakers.
NEMA ICS2 – Industrial Controls and Systems: Controllers, Contactors and Overload Relays Rated 600 Volts.
NEMA KS1 – Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts Max.).
NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems.
Title 17, CCR section 93115, "Amendments to the Airborne Toxic Control Measure for Stationary Compression Ignition Engines".
Bay Area Air Quality Management District (BAAQMD).
UL – Underwriters' Laboratories:
UL 508 A – Industrial Control Equipment.
UL 2200 – Standard for Stationary Engine Generator Assemblies.
UL 142 – Standard for Steel Aboveground Tanks for Flammable and Combustible Liquids.
UL 1236 – Stand for Battery Chargers for Charging Engine-Starter Batteries.
Steel Tank Institute, Standard SP001, Standard for the Inspection of Aboveground Storage.
PERFORMANCE REQUIREMENTS
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The unit shall be capable of operating continuously at rated loading at 1,000 feet above sea level with ambient conditions of 104 deg F (40 deg C) and 65 percent relative humidity.  De-rating of the output shall be not more than one percent for every 10 deg F (-12 deg C) AB 1ove 104 deg F (40 deg C) ambient.  Combined unit noise level shall not exceed 73 dBA at 23 feet (7 m), as measured from any corner of the enclosure, building, or adjacent room.  The unit shall meet the emission requirements listed in Table 1, “Emission Standards for New Stationary Emergency Standby Diesel-Fueled CI Engines,” of Title 17, CCR 93115.6(a), "Amendments to the Airborne Toxic Control Measure for Stationary Compression Ignition Engines".
SUBMITTALS
Submit under provisions of Division 01, Section 010000, General Requirements, Paragraph 1.8.F, Submittals; Division 01, Section 013500, Special Procedures, Paragraph 1.8, Drawings and Specifications; Division 26, Section 260500, Common Work Results for Electrical, Paragraph 1.3, Submittals; and as required by other sections of the Specifications.
Shop Drawings:  The Subcontractor shall submit for approval Shop Drawings prepared in accordance with Division 01, Section 010000, General Requirements, Paragraph 1.8.F, Submittals, and as required by other sections of the Specifications.
All submittals and shop drawings shall be reviewed and approved by the LBNL Facilities Engineering Department, the EHS Division Environmental Services Group Air Quality Specialist, and Protective Services before procurement or fabrication of material and equipment.
Submit catalog cuts with bids for all items proposed to be furnished and installed under this Section.
Submit shop drawings to show physical arrangements, connections, finishes, provisions for connections, access requirements for installation and maintenance, physical size, mechanical and electrical characteristics and ratings, foundation and support details, and equipment weights, where such details are not indicated on the catalogue cuts.  The drawings and sketches shall be prepared in AutoCAD 2013.  Within twenty (20) days after the Award of Order, the vendor shall submit two (2) hard copies and one (1) electronic copy of complete shop drawings and product for University’s review and approval.  Provide specific data on the following:
Outline drawings showing overall assembly and drawings illustrating arrangement (plan, front, and side views) and lifting provisions.
Certified outline plan, general arrangement (setting plan), and anchor bolt details, including locations, sizes and model numbers of seismic isolators.  Drawings shall show the total weight and center of gravity of the assembled engine-generator set on the structural steel sub-base.
Arrangement detail of exhaust duct and muffler piping systems, ventilation and combustion air requirements, and the fuel oil piping systems, including fill ports and vent piping.
Arrangement, size, and location of all electrical interface points and detailed elementary, schematic, wiring, and interconnection diagrams of the generator, exciter, governor, and other integral devices, grounding, bonding, and neutral connections.  Provide a wiring diagram including a complete schematic diagram.
Dimensional drawings or catalog cuts of the exhaust silencer, oxidation catalyst, intake filter, pumps, fuel oil tank, oil filters, starting equipment, battery chargers, batteries, battery racks, generator enclosure (if required) and dBA rating, and other auxiliary equipment.
Arrangement or assembly drawings showing location of major auxiliary equipment in relation to the engine-generator set and details of fabricating all supports, vibration isolators, and connections thereto.
Piping schematics for fuel oil showing pipe sizes and valve locations, double-walled tank construction, tank interstitial space leak detection sensor, 90% high, 95% high and low liquid level sensors, and tank monitor.
Engine-generator control panel (no stacked grounds, use finger safe touch potential devices).
Specifications for a suitable fuel showing consumption performance using this fuel.
Certified factory prototype test.
Certificate(s) for compliance with EPA Emissions Standards for Compressed Ignition Engines, which shall meet the requirements of Federal, State, and Bay Area Air Quality Management District Emission Standards.
Power system study.
Calculations prepared by a California registered Structural or Civil Engineer to demonstrate compliance with seismic requirements as set forth below, including bolting of the engine-generator skid to a concrete foundation.
Maintenance Manuals:
Submittals shall include, but not be limited to, two (2) hard copies and one (1) electronic copy of the items listed below.  CD-ROMs(s) shall be submitted with electronic files of all drawings and sketches using AutoCAD 2013.  In addition, the vendor shall include any additional procedures judged necessary by the manufacturer to ensure the maximum performance and service reliability for the engine-generator set.
The diesel engine shop manual(s) including complete service instructions.
Parts list with the manufacturer's or interchangeable part number.
Drawings of the engine-generator set with center of gravity clearly indicated.
Schematic and wiring diagrams of all power and control circuits for the engine-generator set and all its appliances and options.
Fuel system piping diagram showing piping, leak detection panel, leak detection sensor, and high/low liquid level sensors.
Diesel Particulate Filter (DPF) Maintenance.
Leak Detection Testing.
QUALITY ASSURANCE
Products shall be tested, approved and labeled/listed by Underwriters Laboratories, Inc., or by a nationally recognized testing laboratory (NRTL) as listed in Division 26, Section 260500, Common Work Results for Electrical.  The double-walled fuel tank shall have a UL 142 listing.
Electrical equipment and materials shall be new and within one year of manufacture, complying with the latest codes and standards.  No used, re-built, refurbished and/or re-manufactured electrical equipment and materials shall be furnished on this project.
Anchorage of the system shall be designed to comply with the Division 01, Section 013523.11, Lateral Force Provisions.
Manufacturer's Representative:  Furnish the services of a qualified field engineer, experienced in the installation and operation of the type of systems being provided, to supervise the installation, testing, adjustment of the system, and to provide training for LBNL personnel.
Manufacturer's Responsibility:
The engine-generator set shall be manufactured by a single manufacturer who has been regularly engaged in the production of engine-generator sets for a minimum of 10 years.  The emergency generator system described herein, including these components shall be factory built, factory-tested at rated load, starting duty and power factor, and shipped by this single manufacturer, so there is one source of supply and responsibility for guarantee, parts, and service.  This manufacturer shall have a local representative in the San Francisco Bay Area who can provide factory-trained servicemen, required stock of replacement parts, and technical assistance.  The engine-generator shall meet the emission requirements listed in Table 1, “Emission Standards for New Stationary Emergency Standby Diesel-Fueled CI Engines,” of Title 17, CCR 93115.6(a), "Amendments to the Airborne Toxic Control Measure for Stationary Compression Ignition Engines".
The emergency generator system shall meet all requirements of NFPA 110, [Level 1] [Level 2], including design specifications, prototype tests, one-step full load pickup, and installation acceptance.
The responsibility for performance to this Section in its entirety shall not be split up among individual suppliers of components comprising the system, but shall be assumed solely by the engine-generator set manufacturer.  All controls shall be the standard of the engine-generator set manufacturer.  Control parts shall be identified by parts numbers of this manufacturer and shall have second source listing where applicable.  Control systems that are supplied by a vendor and not incorporated within the documentation drawings of the engine-generator set manufacturer are not acceptable.
EXTRA MATERIALS
As a separate quote, the bidders shall submit a recommended spare parts list with prices for one year of operation, assuming a total run time of 100 hours.  The list shall include as a minimum, elements for oil, fuel and water filters, and belt sets.  The price list shall be valid for 90 days from the date of the equipment delivery.
COORDINATION
Refer to Division 01, Section 010000, General Requirements, Paragraph 1.7, Coordination of Work.
Refer to Division 01, Section 013500, Special Procedures, Paragraph 1.10, Coordination; and Division 01, Section 013500A, Supplement for Equipment Energization Plan: Energization Validation & Authorization Package (EVAP).
Refer to the LBNL Electrical Authority Having Jurisdiction: Standard Procedure for Safe Electrical Installations (IAHJ Program) in regards to the Facilities Energization Validation and Authorization Package (EVAP) process necessary before equipment energization.
DELIVERY, STORAGE, AND HANDLING
Store and protect products under provisions of Division 01, Section 010000, General Requirements.
Coordinate point of delivery with the Project Manager.
Provide a minimum of five (5) business days advance notice of delivery date and time when components must be unloaded by a crane.
WARRANTY
The engine-generator unit shall be warranted for a minimum of one (1) year from the date of commissioning against all defects in material, equipment, and workmanship.  Refer to Paragraph 3.6.B, Warranty (this Section).
PRODUCTS
MANUFACTURERS
Caterpillar
Onan
Kohler Power Systems
ENGINE-GENERATOR SET
The diesel-fuel, engine-generator set shall be rated for continuous standby service (defined as meeting NEMA MG 1 continuous temperature rise ratings for the duration of any power outage) at not less than the specified kW/kVA at 0.80 power factor.  The generator shall be rated to operate at [480Y/277][208/120] Volts, three-phase, four-wire, wye-connected, 60 hertz, 1800 rpm.
CONSTRUCTION
The engine-generator set shall consist of a diesel engine direct-connected to an alternating-current generator having a brushless excitation system and shall be provided with all necessary accessories, auxiliaries, appurtenances, control equipment, and cooling systems, resulting in a complete set and, except for external service connections, ready for operation.  The engine-generator set shall be mounted on a structural steel sub-base sized to support the engine; generator-exciter, engine-generator control panel; lubricating oil filters, fuel oil filters and pumps; and interconnecting piping and wiring for all systems.  The engine unit-mounted radiator and auxiliaries shall also be mounted on the engine-generator set sub-base.  The engine-generator set shall include the electric starter, controls, and related wiring for electric starting.  The batteries, battery racks, and engine mounted battery charger, and separate 120 volt battery charger assembly shall be mounted on the engine-generator set sub-base/fuel tank.
The engine-generator set shall be provided with vibration isolators between the engine-generator and its structural sub-base/fuel tank.  The vibration isolators shall be suitable to meet the seismic requirements of Paragraph 1.5.C (this Section) and shall be as recommended by the engine-generator set and vibration isolator manufacturers to suit the specific equipment involved but shall be heavy duty spring isolators by Vibrex, Mason Industries, Korfund, or equal.  The engine and generator shall be factory aligned on the sub-base/fuel tank and securely bolted into place in accordance with the manufacturer's standard practice.  Calculations for the vibration isolators including their anchorage shall be submitted per the requirements of Paragraph 1.4.F (this Section.
The engine-generator set, after assembly, shall be painted overall with manufacturer's standard color.  After tests and before shipping, the engine-generator set shall be thoroughly cleaned and the painting retouched as necessary to provide complete protection to the set.  The manufacturer shall provide one gallon of the identical paint in the paint manufacturer's sealed containers with the engine-generator set.
The engine-generator set shall be arranged for automatic unattended starting in addition to manual start-and-stop by the engine-generator control panel push buttons.  Three-position toggle switches may be utilized in lieu of push buttons, if their use is the manufacturer's standard.  Lighting-type toggle switches are not acceptable.  The engine-generator set shall be capable of automatically starting, coming up to synchronous speed, and providing full rated power at rated voltage and frequency within 10 seconds after failure of normal power.
Safety Standard:  Comply with ASME B15.1 and UL 2200.
ENGINE AND ACCESSORIES
Engine:  The engine shall be an integral radiator anti-freeze cooled, full-compression ignition, four-cycle, single-acting, solid-injection unit, either in-line or V-type, made in the United States.
The engine shall be turbocharged or naturally aspirated and a product of a nationally recognized manufacturer, regularly employed in the manufacturing of the type of unit specified.
The engine shall be capable of satisfactory performance on a commercial grade of distilled fuel oil such as No. 2 domestic burner oil.  Diesel-engines shall be designed to run on Ultra Low Sulfur Diesel Fuel.
Certified to meet the requirements listed in Table 1, “Emission Standards for New Stationary Emergency Standby Diesel-Fueled CI Engines,” of Title 17, CCR 93115.6(a), "Amendments to the Airborne Toxic Control Measure for Stationary Compression Ignition Engines".
Governor:  The solid state engine governor shall maintain isochronous frequency regulation from no load to full-rated load.  Steady-state operating band shall be plus or minus 0.25 percent.  The droop shall be within 0 - 5 percent from no load to full load and adjustable.  The governor shall be capable of speed adjustment from the control panel.
Protective Devices:  Provide as a minimum pre-alarms for low coolant temperature, low lubricating oil pressure, and high coolant temperature.  Provide, as a minimum, safety shutoffs for high coolant temperature, low oil pressure, engine overspeed, and engine overcrank, and other devices as recommended or normally provided by the manufacturer.
Lubrication:
A gear-type lubricating oil pump shall be provided to supply oil under pressure to main bearings, crank pin bearings, pistons, timing gears, cam-shaft bearings and valve rocker mechanisms.
Pistons shall be spray cooled.
Effective full flow lubricating oil filters shall be provided and so located that lubricating oil is continuously filtered, except during periods when oil is bypassed to protect vital parts such as when filters are clogged.  A sample cock on the filter inlet shall be provided.
A suitable water-cooled, engine-mounted lubricating oil cooler shall be furnished.
Fuel System:
When a sub-base fuel oil tank is specified, the sub-base fuel oil tank should not be more than eighteen (18) inches (457 mm) in height and is to have sufficient capacity for a minimum of [twenty-four (24)][__] hours of full load operation.  The sub-base fuel tank shall be a UL 142 listed double-walled tank with a leak detection sensor to monitor the interstitial space of the tank.
Injection pump and injection valves shall not require adjustment in service.
The engine shall have at least one mechanical injection pump for the generator and one individual injection valve for each cylinder, any one of which may be removed and replaced from parts stock.
Fuel injection pump shall be positive-action, constant-stroke pumps, actuated by a cam driven by gears from the engine crankshaft.
Fuel lines between injection pump and valves shall be heavy seamless tubing, and to eliminate irregularity of fuel injections, shall be of the same length for all cylinders.
Fuel system shall be equipped with replaceable fuel filter elements which may be easily removed without breaking any fuel line connections or disturbing the fuel pumps or any other parts of the engine.
Fuel filters shall be conveniently located in a single accessible housing ahead of the injection pump so that fuel shall have been thoroughly filtered before it reaches the pump.  No screens or filters requiring cleaning or replacement shall be used in the injection pump or injection valve assemblies.
Engine shall be equipped with a built-in, gear-type, engine driven fuel transfer pump, capable of lifting fuel as necessary from the sub-base tank to the engine and capable of supplying fuel through the filters to the injection pump at a constant pressure.
Provide a manual bypass valve around the solenoid fuel valve.  The manual bypass shall be visible, accessible, and its purpose identified.  This fuel valve shall not be the valve used for malfunction or emergency shutdown.
The fuel system shall meet the requirements of Federal, State, and San Francisco Bay Area Emission Standards.
Cooling System:  The system shall include an engine-driven water circulating pump, fan guard, an engine-driven blower-type fan, and bypass-type thermostats.  The water circulating pump shall be an engine-driven pump with all controls, automatic and manual, suitable for the engine-mounted radiator.  The radiator cooling system shall have sufficient capacity for cooling the engine when the engine-generator set is delivering full-rated load in an ambient temperature of up to 40 deg C (104 deg F).  Total air flow restriction to and from the radiator shall not exceed 0.5 inches (13 mm) of water nor as necessary to meet the manufacturer's requirements, whichever is less.
Engine Jacket Water Heater:  Provide a 120 volt jacket water heater of sufficient capacity to maintain an engine coolant temperature of 70°F (21° C) with an ambient of 25°F (-4°C).  Heater or heaters shall be thermostatically controlled.  On "Vee" type engines, two heaters, one for each side shall be supplied.
Coolant Level Switch:  Provide a coolant level switch at the proper place in the cooling system to prevent the engine from running when the coolant level is sufficiently low to impair continued operation of the engine.  Operation of the switch shall be an annunciated signal.
The engine cooling system shall be pretreated by the engine supplier for the inhibition of internal corrosion.
Equip system with all guards required to meet State of California Administrative Code, Title 8.
Exhaust System:
An internal critical grade exhaust silencer shall be provided.  The silencer is to be provided with an appropriate size and type of flange fitting for connection to an exhaust flue (provided by others).
Operating exhaust noise under full load shall not exceed 68 dBA at twenty-three (23) feet (7000 mm).
Measurement shall be made with a sound level meter meeting or exceeding ANSI Sl.4 and octave band filters meeting or exceeding ANSI Sl.ll.
Shall meet the requirements listed in Table 1, “Emission Standards for New Stationary Emergency Standby Diesel-Fueled CI Engines,” of Title 17, CCR 93115.6(a), "Amendments to the Airborne Toxic Control Measure for Stationary Compression Ignition Engines".
Diesel Particulate Filter (DPF):  The diesel particulate filter (DPF) captures the particulate matter formed during combustion.  It can be regenerated passively or actively and is offered as a wall-flow or flow-through device.  ADPF solution allows for lower fuel consumption and better transient response and performance.
Selective Catalytic Reduction (SCR):  is the catalyzed chemical reaction that reduces nitrogen oxides to water and nitrogen, using diesel exhaust fluid (DEF) as the reductant.  The DEF is injected into a tube where it mixes with the exhaust and the reactions take place as the DEF/exhaust mixture passes through the SCR catalyst.
Air Cleaners:  Provide one or more engine-mounted dry-type air cleaners or intake air filters of sufficient capacity to protect working parts of the engine from dust and grit.
Engine Alternator:  A battery charging alternator shall be supplied with a voltage and current regulator to provide quick recharge of the batteries after an engine start.
GENERATOR
General Description:  The 12 lead NEMA-Type generator shall be connected for the specified voltage, 3 phase, 4-wire, 60 Hz  for the full kW rating of the diesel-generator unit at 0.8 pf standby operation as described under NEMA MG 1-22.84, and shall meet the short circuit requirement of NEMA MG 1-22.45 and starting duty per Paragraph 2.5.G, Starting Duty (this Section).  The generator shall be open guarded construction and be free of injurious torsional and bending vibrations within a speed range from 10 percent below to 0 percent above synchronous speed.  The generator shall have prelubricated-type ball bearings.
Windings:  The generator shall be a direct engine driven synchronous, brushless type, with radio interference suppression.  The rotor windings shall be amortisseur type, and the stator shall be skewed.  Windings shall be copper with terminal markings conforming to NEMA MG 1-2.02.  Windings shall have a Class F insulation rating or higher with operating temperature rise of Class B insulation.  The generator terminal box shall be large enough to accommodate all necessary conductors (termination lugs shall be included).
Strip Heater:  Thermostatically controlled unit arranged to maintain stator windings above dew point.
Wave Shape Deviation:  The wave shape deviation factor for synchronous machines shall not be greater than is specified in NEMA MG 1-22.42.  The telephone influence factor shall not be greater than is specified in NEMA MG 1-22.43.
Nameplate Data:  The generator shall have a rigidly fixed nameplate listing all data described in NEMA MG 1-22.61 and shall include the engine family name.
Voltage Regulator:  The generator shall be equipped with a solid state voltage regulator- zener diode referenced.  Provide harmonic filters on the input to the regulator.  Generator output voltage shall be maintained within the limits specified below:  0.8 percent RMS no load, to full load (0.8 to 1.0 PF) with a 5 percent speed change and a 20 deg C (68 deg F) ambient temperature change; transient dip not to exceed 15 percent upon application of full load including sufficient out-of-phase SCR loads to lower a unity power factor to 0.8; recovery to rated voltage and frequency shall occur within two seconds.  A vernier adjustment shall be provided on the main control panel to allow a voltage adjustment of up to 5 percent either side of nominal.
Starting Duty:  The generator shall have sufficient capacity for a [__] HP motor load starting surge with an operating load of [___] kVA on the system.  The voltage dip during starting shall not exceed 15 percent of the voltage rating.
FUEL OIL SYSTEM
General:  Conform to NFPA 30 and 37.  The unit shall contain its own fuel storage tank, filler and vent piping, flexible connections to engine, low fuel level alarm system.  The main fuel pump on the engine shall be capable of supplying fuel directly from the storage tank without the need of any intermediate pump.
Sub-base Diesel Fuel Storage Tank:  The storage tank shall be an integral part of the sub-base with enough capacity to operate the generator for at least [24][__] hours at full rated output.  The tank shall be full capacity double containment within the housing made of heavy gage stainless steel.  The double-walled tank shall have UL 142 listing.  The tank shall not be galvanized.  There shall be a float type fuel level gauge, tank, breather filter unit, and a filler neck with locking cap.  The double-walled tank shall have a leak detection sensor to monitor the interstitial space of the tank.
Leak Detector:  A fuel tank leak detector system shall be furnished and installed in a manner which conforms to the requirements of the State of California, Steel Tank Institute Standard SP001, and the California Fire Code (including CFC Section 5704).  Recommended leak detection systems include:  Freeman, Morrison Brothers, IBI Power, or similar.  A leak detection sensor shall be installed in the interstitial space of the tank and be easily removable for annual testing.  The leak detection system shall have audible and visual alarms.  If the engine generator is installed in a mechanical room, a remote annunciator (Morrison Bros. Remote Strobe 918ac-01562L and Remote Horn 918AC-0152 2H, or similar) shall be installed on the outside of the building with an audible and visual alarm.  The audible horn shall sound at least 80db at 10 feet.  A reset button shall silence the horn, but produce a red indicating light until the leak sensor has been cleared.
Low Fuel Alarm:  A low fuel supply sensing device shall be installed on the storage tank.  The sensing device shall be adjusted to signal low fuel level when the tank is less than one-quarter full.  An audible horn shall sound, at least 80 dB at ten (10) feet (3050 mm).  A reset button shall silence the horn, but produce a red indicating light until the fuel level has been raised above the one-quarter full level.  The liquid level sensor shall be easily removable for annual testing.
Tank Full Indication:  A Tank Full sensing device with one (1) set of form C contacts shall be provided for the University's use.  The contacts shall be terminated in the control panel for field wiring.  Provide a means to visually monitor fuel level within the tank, as well as overfill protection alarms that sound at ninety (90) percent capacity, and by automatically stopping delivery of liquid at ninety-five (95) percent of capacity.  Alarms must be visible to the tank filling operator.
Flexible Fuel Lines:  Stainless steel flexible fuel lines at least [12 inches (305 mm)] long, with bronze braid, shall connect the fuel lines to the engine.  Do not use galvanized piping.
High Fuel Alarm:  High fuel sensing devices shall be installed at ninety (90) percent and ninety-five (95) percent on the diesel fuel storage tank.  The audible horn shall sound, at least 80db at ten (10) feet (3050 mm), when ninety (90) percent fuel level is reached.  A reset button shall silence the ninety (90) percent audible alarm.  The audible horn shall sound, at least 80db at ten (10) feet (3050 mm), and the red indicating light shall activate when the ninety-five (95) percent fuel level is reached.  A reset button shall silence the horn and deactivate the red indicating light until the fuel level has been lowered below the ninety-five (95) percent level.  The liquid level sensors shall be easily removable for annual testing.
For tanks inside of buildings or in areas of limited access, provide piping, valves, and equipment as necessary to remotely fill the tanks from an accessible location.  Coordinate with the University for approval of tank filling location.  All piping shall be in accordance with NFPA 30.
ELECTRIC STARTING SYSTEM
A 24-volt direct-current starting battery installation shall be provided for starting of the engine-generator set utilizing an electric cranking system.  The electric cranking system shall be capable of rotating the engine at a speed sufficient for rapid starting in an ambient temperature of 20 deg F (-7 deg C).  The signal for starting shall come from the engine-generator set control system or from external two wire control.
Cranking:  The electric cranking system shall be energized from the starting batteries' negative polarity grounded, direct-current (dc) electrical circuit.  The cranking motor shall be of the heavy-duty type with adequate capacity to crank the engine continuously to start the engine.  The drive mechanism for engaging the starting motor with the engine flywheel shall be designed to inherently engage and release without binding.  When the engine starts, a "stop cranking" switch shall be engine-speed actuated and shall cause disengagement of the starting gearing and the shutdown of the starting motor.
Starting Battery Installation:  The engine-cranking storage battery shall be of the flooded lead-acid type rated by the battery manufacturer in accordance with cranking rating requirement required by the engine manufacturer and shall be of sufficient size and capacity in a fully charged condition to crank the engine at the rated ambient for a minimum of five (5) minutes.  Suitable battery racks or enclosures, properly ventilated shall be provided for the batteries and the battery charger.  All necessary cabling shall be provided and installed integrally on the engine-generator set.  Exposed cabling shall be installed in conduit:  rigid galvanized conduit and Type LFMC for vibration not to exceed three (3) feet in length with enclosed ground conductor (no Type LFNCNM).
Batteries may be mounted in a separate free-standing battery rack, if such is the manufacturer's requirement for nickel cadmium batteries.  All cable terminations and cell-to-cell interconnecting bus straps shall have insulating covers or caps.  The starting battery shall have a lockable disconnect.
Starting Battery Charger:  The battery charger shall be enclosed, automatic, dual-rate, solid-state, constant-voltage type having ac voltage compensation, dc voltage regulation, and shall be current limiting.  The battery charger shall be located in the control panel or otherwise integrally mounted on the engine-generator set.  The battery charger shall employ transistor-controlled magnetic amplifier circuits to provide continuous taper charging.  The battery charger shall have two ranges, float and equalize, with a 0 to 24 hour equalizer timer, a dc cranking relay, silicon diode full-wave rectifiers, automatic surge suppressers, a dc ammeter, a dc voltmeter, and fused inputs and outputs.  The battery charger shall have a continuous rated output of not less than 10 amperes.  The battery charger shall be suitable for the type of batteries supplied.  The battery charger shall be listed for the environment for which it is installed.
ENGINE-GENERATOR SET CONTROLS
General:  An instrumentation and control panel with full annunciation of NFPA 110, Level 1 safety indications and shutdowns.  The panel shall be a gasketed NEMA 1 rated enclosure within the weather-proof NEMA 3R housing and be mounted on rubber vibration isolators.  The front panel shall be well laid out with all controls and indicators clearly marked on phenolic-engraved nameplates or other permanently etched or indented lettering.  Coordinate location of the control panel with the LBNL Facilities Engineering Department.
Provide control and status points as follows:

	Condition
	Engine Generator Control & Status Panel
	Visual Indicators located at the Generator
	Visual 
Indicators at 
Remote 
Annunciator
	Engine Shut Down

	High Coolant Temperature
	Alarm
	RED
	RED
	Yes

	Approach to High Coolant Temperature
	Alarm
	AMBER
	AMBER
	No

	Low Coolant Temperature
	Alarm
	AMBER
	AMBER
	No

	Low Coolant Level
	Alarm
	RED
	RED
	No

	Overspeed
	Alarm
	RED
	RED
	Yes

	Approach to Low Oil Pressure
	Alarm
	AMBER
	AMBER
	No

	Low Oil Pressure
	Alarm
	RED
	RED
	Yes

	Over Crank
	Alarm
	RED
	RED
	Yes

	High Battery Voltage
	Alarm
	RED
	RED
	No

	Low Battery Voltage
	Alarm
	RED
	RED
	No

	Low Cranking Voltage
	Alarm
	RED
	RED
	No

	Battery Charger AC Failure
	Alarm
	RED
	RED
	No

	Low Fuel Day Tank
	Alarm
	AMBER
	AMBER
	No

	Low Fuel Main Tank
	Alarm
	RED
	RED
	No

	Main Circuit Breaker Open or Tripped
	Alarm
	FLASHING RED
	FLASHING RED
	No

	Main Circuit Breaker Ground Fault
	Alarm
	FLASHING RED
	FLASHING RED
	No

	Load Bank Cooling Failure
	Alarm
	
	
	No

	Generator Running Indication
	Yes
	GREEN
	GREEN
	NA

	Not In Auto
	Yes
	FLASHING RED
	FLASHING RED
	NA

	Generator Start/Stop Switch
	Yes
	NA
	NA
	NA

	Generator Online
	Yes
	GREEN
	GREEN
	No

	Remote Emergency Stop
(Located outside of room)
	No
	FLASHING RED
	FLASHING RED
	Yes

	Lamp Test
	Yes
	WHITE
	WHITE
	NA

	Audible Alarm Silencing Switch
	Yes
	FLASHING RED
	FLASHING RED
	NA


Visual Metering:  Provide visual meters to display the following:
AC voltmeter with range to 600 Volts, 3 1/2 digit LCD or LED display, 2 percent accuracy at mid-range.
AC current to 400, 4-1/2 digit LCD or LED display, phase selectable.  Accuracy shall be within 2 percent from 100 Amps to full scale.
AC frequency, 60 Hz nominal, 3-1/2 digit LCD or LED display.  Accuracy shall be within 2 percent for the range 10 percent each side of nominal.
Running time of unit to ten thousand accumulated hours in tenth of hour segments, jeweled movements, and shock resistant sealed cases.  The meter shall not be resettable.
Battery charging current from engine alternator shall show amount of charge and discharge in amperes.
Engine coolant temperature to at least 240°F (116°C).
Engine oil pressure readable in 5 psi (34.5kPa) increments.
The regulator shall have a Vernier adjustment for the voltage.
Fuel leak in interstitial space of double walled fuel tank.
Visual sight glass for engine coolant level.
Common Alarm:  Provide Form “C” contacts that change state upon any pre-alarm, alarm, shutdown or trouble signal.
Wiring And Identification:  All wiring and interconnections shall be well laid out and neatly executed in accordance with NEMA ICS 2.  All wiring is to be properly identified by numbering or unique color coding.  Such numbering and coding shall agree with those on the wiring diagram.  Wiring shall go to terminal strips for intermediate connection unless wiring is contained in a cable or in a harness with keyed connectors.
Remote Annunciator:  The annunciator shall be in a NEMA 1 enclosure completely wired with terminal strips for outgoing wires.
Generator Circuit Breaker:
As manufactured by Cutler-Hammer, General Electric or Siemens.  Provide a 600V, 3 pole, molded-case circuit breaker, with an interrupting rating of [_____] AIC, conforming to NEMA AB 1 and UL 489 and having a 100-percent ampere rating.  The circuit breaker shall have a [___] ampere frame with a [___] ampere solid state tripping device with adjustable long-time and short-time tripping characteristics.  Provide a stored-energy closing mechanism for rapid and safe closing of the circuit breaker against fault currents within the short-time rating of the circuit breaker independent of the operator's strength or effort in closing the handle and provide lugs for the indicated electrical connection.  The Generator Circuit Breaker shall be interlocked with the Load Test Bank Circuit Breaker to allow only one circuit breaker to be closed at a time.
Circuit Breaker to be outfitted with permanent mechanical hasp to apply lock for physical control of breaker in open position.  The provisions for locking shall remain in place with or without the lock installed.
Load Test Bank Circuit Breaker:
As manufactured by Cutler-Hammer, General Electric or Siemens.  Provide a 600V, 3 pole, molded-case circuit breaker, with an interrupting rating of [_____] AIC, conforming to NEMA AB 1 and UL 489 and having a 100-percent ampere rating.  The load Test Bank Circuit Breaker shall be located adjacent to the Generator Circuit Breaker.  The circuit breaker shall have a [___] ampere frame with a [___] ampere solid state tripping device with adjustable long-time and short-time tripping characteristics.  Provide a stored-energy closing mechanism for rapid and safe closing of the circuit breaker against fault currents within the short-time rating of the circuit breaker independent of the operator's strength or effort in closing the handle and provide lugs for the indicated electrical connection.  The Load Test Bank Circuit Breaker shall be interlocked with the Generator Circuit Breaker to allow only one circuit breaker to be closed at a time.
Circuit Breaker to be outfitted with permanent mechanical hasp to apply lock for physical control of breaker in open position.  The provisions for locking shall remain in place with or without the lock installed.
Engine Starting Switch:  The switch shall be a three-position rotary, enclosed rear-mounting type.  The switch shall be the maintained position type.  The switch positions shall be "Automatic" or "Remote", "Off", and "Manual" and shall be connected to provide the following operations.
In the "Automatic" or "Remote" position, the engine-generator set shall start automatically in response to loss of voltage, as more fully described in Paragraph 2.8.I, Automatic Controls (this Section).
"OFF" Position:  In the "OFF" position, the generator shall shut down.  All controls shall be reset in this position.
"MANUAL" Position:  In the "MANUAL" position, the engine shall start upon depression of the start button.  The engine shall run but the load cannot be put on line until an automatic transfer switch transfers to the emergency position.
Automatic Controls:
Engine Cranking Relay:  Provide to operate as follows:
Automatic operation shall commence when any remote control element in an automatic transfer switch detects a normal power failure and closes a command contact to actuate the engine starting system.  The engine-generator set shall pick up load when the voltage and the frequency of the generator reaches the values required to actuate the automatic transfer switch mechanisms.  Provide terminals for two start signals from automatic transfer switches.
Should the engine fail to start at once, cranking shall continue for 25 seconds (adjustable) after which a 10-second "off" period (adjustable) shall occur, followed by a 7-second starting period (adjustable) and another 7-second "off" period (adjustable).  Durations of cranking and "off" periods listed above may be modified in accordance with the engine-generator set manufacturer's recommendations.
The above cranking cycle shall be repeated for three starting attempts.
If the engine still fails to start, the cranking device shall lock out further starting attempts until it is manually reset.  When the cranking relay locks out, an alarm light shall be energized on the engine-generator control panel and remain lighted until it is manually reset.
Automatic Stopping:  After the engine-generator set is fully unloaded as signaled by an automatic transfer switch, the engine-generator set shall continue to operate for a period of 1 to 30 minutes (adjustable), wherein the engine-generator set shall shut down.
Engine Shutdown Relay:  Provide and actuate by the engine protective devices.  The shutdown relay shall disable all engine starting circuits until manually reset.  Provide a reset push button on the engine-generator control panel.
WIRING
Internal wiring for the engine-generator, and control panel shall be stranded copper conductor, No. 14 AWG minimum, with 600 volt insulation suitable for the application.  All wiring to external points shall be brought to a common terminal block.
Ground connection connectors shall not be stacked under single bolt connection.  External frame mounts shall have two-hole connections and ground connections shall be made with two-hole connectors.
A ground bus shall be furnished and securely bolted to the structural members of the panel.  All equipment requiring grounding shall be connected to this bus.
PAINTING
Painting will not be required for parts of equipment that are manufactured of corrosion-resistant materials or are machine finished and normally left unpainted.  All other parts of equipment and ferrous surfaces shall be painted with manufacturer's standard finish paint system.
SAFETY REQUIREMENTS
The engine-generator set shall be furnished with adequate safety devices of the latest approved type.  Moving parts which are hazardous to personnel shall be suitable protected.  All equipment and components shall conform to the safety requirements of the Occupational Safety and Health Act (OSHA) and to State and local safety codes.  Ample protection against electrical shock shall be provided.
Heat Protective Devices:  Suitable guards in compliance with OSHA requirements shall be installed to protect personnel from accidental contact with any parts of the exhaust gas system whose surface temperatures are expected to exceed 540 deg C (1000 deg F).  Protective measures such as water cooled exhaust manifolds, insulated manifolds and piping, and metal screen protectors around exhaust silencers shall be employed.
Use of mercury in gages is not permitted.
MAINTENANCE REQUIREMENTS
All replaceable parts shall be manufactured to definite standards for tolerance, clearance, and finish in order that any such part may be field installed without further machining or fitting.  All parts shall be permanently and legibly marked with the original manufacturer's part number where practical.  Parts or assemblies that require "fitting" for proper assembly shall be identified and separately listed in the parts manual.
Leak detection sensors and high/low liquid level sensors shall be easily removable for annual testing.
Fuel Alarm System maintenance shall be performed in accordance with NFPA 30 and the Steel Tank Institute, Standard SP001, Standard for the Inspection of Aboveground Storage Tanks, 5th ed.  Maintenance shall be performed without any rewiring of circuits or alteration to the system.
ENGINE-GENERATOR ENCLOSURE
Outdoor Enclosure (if specified):  A sound attenuating enclosure designed and rated for outdoor use and be of rugged steel construction.  The sound attenuating enclosure shall be securely mounted to the frame of the engine-generator unit but not rely on the engine-generator for any support.  The sound attenuating enclosure shall have easily removable doors for access from all sides.  The doors shall have padlockable 3-point latches, with welded hinges and gaskets.  There shall be a proper amount of air intake and air discharge louvers with rain hoods to allow the engine-generator to perform at the specified capacity.  Thermostatically controlled space heaters shall be provided to prevent the accumulation of condensation within the enclosure and on the equipment.  The space heaters shall operate at 120V.
Enclosure shall have a dedicated panelboard fed from emergency power.  All accessories dedicated to the generator shall be wired to this panelboard.  This includes enclosure lighting, jacket heaters, battery chargers, space heaters, etc.
Enclosure shall be skin-tight or walk-in type.  The enclosure shall be of sufficient size and volume to accommodate acoustical attenuation and vibration isolation equipment.
Enclosure roof shall be pitched for drainage and overlapping on all sides.  Exhaust pipe opening shall be fitted water-tight sealing material.  Provide a drip shield around the exhaust pipe opening.
Doors shall be gasketed and mounted on hinges.  Hinges shall have stainless steel pins and bushings.
Provide an internal fluorescent lighting system with on/off switch and standby batteries.  Circuit illumination sources to an emergency power system panelboard.
Unit shall have sufficient guards to prevent entrance by small animals.
Painting:  The housing shall be thoroughly cleaned and prepared for painting.  A rust inhibiting primer shall be applied inside and out and cover all metal surfaces, edges, and inside corners of fabricated pieces.  The housing shall then be finished with two coats of high quality alkyd-resin automotive type paint system.  Color of exposed portions of the housing shall be ANSI-61 gray.
EXECUTION
FACTORY PROTOTYPE TESTS

The engine-generator set consisting of the engine, generator, governor, coupling and all controls shall have been tested as complete unit utilizing testing on a prototype model as required by NFPA 110.  The tests, being potentially damaging to the equipment tested, shall not be performed on the engine-generator set supplied.  These tests shall be certified by means of documentation accompanying submittal data required in Part 1.04.  Prototype testing shall provide the following data:
Load test for maximum power level (maximum kW).
Load test for maximum motor starting capacity (maximum kVA) and voltage dip recovery within 7 cycles of applied load.
Structural soundness (Short-Circuit and Endurance Tests).
Torsiograph Analysis:  The manufacturer of the engine-generator set shall verify that the engine-generator combination, as configured, is free from harmful torsional stresses.  The analysis shall include correlation of empirical data from tests on a representative prototype unit.  The empirical data shall include spectrum analysis of the torsional transducer output within the critical speed range of the engine-generator set.  Results of this analysis shall be made available to the University upon request.  Calculations based on engine and generator separately are not acceptable.
Engine-generator cooling air requirements.
Transient response and steady-state speed control and voltage regulation.
Generator temperature rise per NEMA MG 1.
Harmonic analysis and voltage waveform deviation per MIL-STD-705B, method 601.4.
Three-phase short-circuit testing for mechanical and electrical strength.  With the system operating at rated voltage, amperage, power factor, and speed, the generator terminals shall be short circuited 10 times on all three phases for a duration of 30 seconds.  The engine-generator set shall build up and perform normally without manual interventions of any kind such as resetting of a circuit breaker or other tripping devices when the short circuit is removed.
Failure mode test for voltage regulator.  With engine-generator set operating at no load, rated speed and voltage, the alternating current sensing circuit to the regulator shall be disconnected for a period of at least one hour.  The engine-generator set shall be fully operative after the test and without evidence of damage.
Endurance testing is required to detect and correct potential electrical and mechanical problems associated with typical operations.
FACTORY PRODUCTION TESTS
Test the complete engine-generator set including oxidation catalyst, exhaust silencer, exhaust piping and skid-mounted accessories such as the engine-generator control panel at the engine manufacturer's factory.  Perform the test with the engine-generator set completely assembled on the permanent skid-mounting.
Notify the University in writing of the proposed test date not less than 15 working days prior to same, and allow University Representatives to observe tests.
Perform start, transient load, and continuous load tests as follows:
Engine coolant at 80 deg F (27 deg C) before start-up.
Start the engine and demonstrate that rated voltage and frequency are reached in 10 seconds or less.
Immediately following the 10-second start period apply 125-percent rated kVA at 0.8 power factor.  Voltage dip shall not exceed 15 percent.  After 5 seconds decrease load so as to provide a 100-percent rated kW, 1.0 power factor load.  Voltage rise shall not exceed 15 percent and shall return to plus or minus 0.5 percent of rated within 2 seconds.  Record transients with an oscillograph, and include copies with the test reports.
Include a 4-hour test period of continuous operation at 100-percent rated kW and 1.0 power factor generator output.  Record the following at 15-minute intervals.
Ambient air, water, oil, and exhaust temperatures.
Oil pressure.
Generator output voltage, current, frequency, kW, power factor, and temperature rise.
Submit five (5) certified copies of report of both prototype and factory production test results to the University, and obtain approval before shipment to the site.
FIELD INSTALLATION
Verify that equipment pads are dimensionally correct and ready to receive the equipment.
Verify that required utilities are available, in proper location and ready for use.
Install equipment in accordance with manufacturer’s instructions.
Install safety labels to NEMA 260 and labeling per Division 26, Section 260500, Common Work Results for Electrical.
JOB SITE TESTING
Installation acceptance testing shall be performed in accordance with the procedures of NFPA 110 for the engine-generator.  The fuel supply tank, alarms, controls, and all piping will be function and pressure tested in accordance with NFPA 30.  A load test bank of sufficient size to test the engine-generator unit at its full standby rating shall be provided by the Subcontractor.  The load test bank shall be connected to the load terminals of the Load Test Bank Circuit Breaker when performing the acceptance tests.  The load bank test shall run for a minimum of four (4) hours.  Provide the services of a factory-authorized, factory-trained, third-party representative of the engine manufacturer to inspect components and equipment, and to supervise field tests.
Tests shall be made in the presence of an LBNL Inspector or the Electrical AHJ’s designated representative as well as a representative of the LBNL Fire Marshal’s Office.  The application or interruption of power shall be programmed and directed in accordance with the approved EVAP, inclusive of the Equipment Energization Plan and necessary permits, work tasks and safety compliance steps.
An unsatisfactory condition revealed by these test results, or unsatisfactory methods of tests and/or testing apparatus and instruments, shall be brought to the attention of the LBNL Project Manager, Responsible Design Professional, the LBNL Facilities Electrical Engineer, and/or the AHJ designated representative.  Corrections by the Subcontractor shall be validated by re-tests to the satisfaction of the LBNL Project Manager, the Registered Design Professional, LBNL Facilities Engineering Department, and/or the AHJ designated representative.
The Project Manager reserves the right to require that the Subcontractor perform and repeat tests that are deemed necessary to complete or check the tests or the certified records of the Subcontractor at any time during the course of the work.
Acceptance testing of the double-walled tank, leak detection system and high/low fuel level alarms shall be conducted.  The testing of the sensors and floats shall be conducted in water so that sensors and floats activate freely.  Testing of the double-walled tank shall follow manufacturers’ recommendation or industry standards as determined by the qualified person defined in Paragraph 3.4.F (this Section).  Testing shall be witnessed by a representative from the EHS Division, Environmental Services Group and a representative from the Protective Services, Fire Services Group, at the minimum.  An Inspector of Record and a representative from the Facilities Commissioning Group may be required to witness the testing.
Acceptance testing of the double-wall tank, leak detection system, and high/low fuel level alarms shall be tested by a qualified person.  The qualified person shall be a STI SP001 Certified Aboveground Storage Tank Inspector, a licensed professional engineer, a California Underground Storage Tank Tester, or have a ICC certified Underground Storage Tank Installation/Retrofitting license.
OPERATION AND MAINTENANCE TRAINING
Operating personnel shall be instructed (a minimum of two hours) by the representative in the proper operation and maintenance of the unit on the test day.  Instruction will include a physical demonstration of how to test the leak detection sensor and the high/low fuel level alarms.  The demonstration will put sensors in water to set off alarms.
Formal operation and maintenance training shall be conducted by the vendor or manufacturer's representatives within two weeks of activation of the equipment.  An outline of the proposed program shall be submitted for approval at least two weeks before date of commencement of training.  Training will not commence until the University Representative has provided approval of the proposed training program.
FINAL SUBMITTALS
Provide two (2) hard copies and one (1) electronic copy, delineating maintenance and repair procedures for engine, generator, engine-generator control, radiator, fuel oil day tank assembly, fuel oil tank gage, and other equipment related to the engine-generator set installation.  Assemble data on like equipment in clearly identified and indexed three-ring binders or equal.  Include the following:
Lubrication charts showing types of lubricant, locations of lubrication points, and recommended lubrication frequency for all equipment.
Parts list of replaceable parts and any special tools required.
Lists of component items not the product of the manufacturer of equipment on which used, with local source of supply, catalog cuts, and all necessary information for ordering replacements.
Complete AS-BUILT electrical schematic and connection diagrams with all internal and external connection points identified to match identification on equipment.
Warranty:  Furnish a written warranty that the equipment will meet the specified performance.  In addition, the warranty shall cover the equipment against any defects in design, workmanship and material for one year from date of commissioning.  Also, a one-year labor and material warranty shall be provided which will be twelve (12) months from date of commissioning.
Posted Operating Instructions:  Submit proposed operating instructions which shall be laminated between matte-surface thermoplastic sheets and be suitable for placement adjacent to applicable equipment.  After approval, operating instructions shall be returned to the Subcontractor for installation where directed by the Project Manager.
Test Reports:  Submit certified test and inspection reports for all work performed in Paragraphs 3.2, Factory Production Tests, and 3.4, Job Site Testing (this Section).  A certified report verifying proper installation of all of the system shall be provided to the Project Manager and shall be approved prior to placing equipment in service.
END OF SECTION 263213
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