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UNFIRED STEAM GENERATORS
GENERAL
SUMMARY
Section includes packaged, factory-fabricated and factory-assembled, unfired steam generator, trim, and accessories for generating steam using high temperature water as the heating medium. 
ACTION SUBMITTALS
Product Data:  Include performance data, operating characteristics, furnished specialties, and accessories.
Shop Drawings:  For unfired steam generator and accessories.  Include plans, elevations, sections, details, and attachments to other Work.   
Wiring Diagrams:  Detail power, signal, and control wiring.
Piping and Instrument Diagrams: Detail piping and instruments for the unfired steam generator.
Manufacturer Seismic Qualification Certification:  Submit certification that unfired steam generator, accessories, and components will withstand seismic forces defined in Division 23 Section "Mechanical Vibration and Seismic Controls for HVAC" when anchored to a concrete base.  Include the following:
Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.
The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."
Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.
Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.
Source quality-control test reports.
ASME "U" Stamp Certification:  Submit “U” stamp certificate of authorization, and document hydrostatic testing of piping external to unfired steam generator.
Startup service reports.
CLOSEOUT SUBMITTALS
Operation and Maintenance Data:  For unfired steam generator to include emergency, operation, and maintenance manuals.
QUALITY ASSURANCE
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in CEC, Article 100, by a testing agency acceptable to University’s Representative, and marked for intended use.
ASME Compliance:  Fabricate and label unfired steam generators to comply with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.
State of California Requirements: Equipment and installation shall comply with the California Code of Regulations Title 8, Chapter 4, Subchapter 1, “Unfired Pressure Vessel Safety Orders.”
COORDINATION
Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03. 
Coordinate control valve installation, operating controls, controls sequence of operation, instrumentation, safety alarms, and emergency system shut-down. 
PRODUCTS
MANUFACTURERS
In other Part 2 articles where titles below introduce lists, the following requirements apply for product selection:
Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers specified.
[bookmark: OLE_LINK3][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal", comply with provisions in Division 01.  Specific procedures must be followed before use of an unnamed product or manufacturer.  
UNFIRED STEAM GENERATORS
Manufacturers:
Cemline Corporation, Cheswick, PA
Howard’s Engineering Products, Pico Rivera, CA
Reco USA, Columbia, SC
Or equal
Description:  Factory-fabricated, -assembled, and -tested  unfired steam generator with heat exchanger sealed pressure-tight, built on a steel base; including insulated jacket; water supply, condensate drain connections; trim and complete controls, double-valve bottom blow connection, conductivity sensor connection and provision for automated surface blow down control.  
Fabricate the base and attachments to the pressure vessel with reinforcement strong enough to resist flooded unfired steam generator movement during a seismic event when the unfired steam generator base is anchored to building structure.
Material Requirements: Unfired steam generator and accessory wetted parts shall be 316 stainless steel, Titanium, or carbon steel.  Provide ¼” corrosion allowance where carbon steel vessel materials are used. Gaskets shall be spiral wound flexible metal type. 
Auxiliary connections (drains, vents, pressure taps, and the like) to the shell shall be by Weldolet, Thredolet, or other forged steel or stainless steel fabricated reinforcement by Bonney Forge, or equal. Half couplings are prohibited. 
Heating medium shall be in the tubes and steam in the shell.
Steam generators shall include a steam separator and a baffle arrangement.  At the top of the shell, limit the passage of solids to 5 ppm with a design loading of 2500-ppm total solids in the water located in the shell, while the steam generator operates between 10% and 110% of the rated capacity.
Steam generator shells shall be sized to provide a steam space of 55% (minimum) of the total shell volume.
Unfired Steam Generator Design Sizing and Selection Characteristics and Capacities:
Heating Medium: High Temperature Water (HTW) at 365°F
Design Pressure Ratings: Shell 150 psig; Tubes 600 psig
Design Temperature Ratings: Shell and Tubes: 450°F
Feed Water Temperature: 180°F.
Capacity:  Each generator shall have the capacity to generate steam of the flow and pressure as listed in the schedule.
Fouling Factor: Provide Overall fouling factor of 0.0005 hr-ft²-°F/Btu
Unfired Steam Generator Components:
Construct the shell in accordance with the ASME Code for a Maximum Allowable Working Pressure (MAWP) of 150 psig at a temperature of 450°F.  Materials shall be pressure-vessel quality SA240 316 stainless steel or carbon steel.  Fully radiographically examine full-penetration welds for design pressures greater than 50 psig.  Provide flanged access at the opposite end of the shell from the tube bundle.  Ensure that the blind flange opening is sufficiently large to allow full and easy access to the shell for cleaning and inspection. Traditional oval access doors shall not be used. Provide davit for supporting the access flange to allow easy removal and reinstallation of the access blind flange. Minimum flange diameter shall be 16”. Insulation for the access flange shall be removable blanket type arranged so that the permanent rigid insulation is not disturbed when the blanket is removed or installed. Incorporate an internal stainless steel steam separator.  Units shall be horizontal and shall have legs welded to the vessel and providing an 18" clearance above the floor (when the unit is insulated).  Legs shall be of the same material as the pressure vessel.  Units shall be provided with lifting lugs. 
Heating tubing shall be Titanium, or 316L Stainless Steel. Tubes may be ⅝ or ¾-inch OD. Stainless tubes shall be 0.049 nominal wall. Titanium tubes may be 0.035 or 0.049 wall.  Provide SA240 316 stainless steel tube sheet.  Provide PTFE or stainless steel tube bundle supports.  The tube pattern shall be square or rotated square to allow easy cleaning.  Provide not less than ¼” spacing between outsides of the tubes. 
Each unit shall be completely assembled and ready to connect at the installation site and include the following standard features:
Two-way, pneumatically-operated, high-temperature water control valve with inlet air regulator and filter, and inlet strainer.  Provide a safety solenoid valve to shut off and bleed the air supply to the control valve on low water or high-pressure conditions, power loss, or manual shutoff. Locate HTW control valve at the outlet connection to the tube bundle. See section 23 2400 for more details regarding HTW control valves. 
High-pressure reflex level gauge glass assembly with low water cutoff controller. Round gauge glasses are prohibited. 
A pressure controller with high-pressure safety shut off feature.
Provide a UL labeled NEMA 1 hinged control panel with microprocessor based controller, system on / off switch, system lights for Power on, Feed water on, and High pressure. System shall have a standard Modbus RS485 port for remote data transmission of process variables. Ethernet connection or other means of efficient transmission to the Building Automation System will be considered. If unit is to be located outside provide appropriate UL labeled hinged control panel with minimum NEMA 3R enclosure. 
Shell-side steam pressure gauge with shut-off valve and gauge siphon, HTW inlet and out thermometers set in tapered stainless steel thermowells, pressure gauge, and shut-off valve on tube side.  
Local indication shall be provided for unit water level and steam pressure.
ASME Section I steam safety relief valve(s) for the shell side.
Tandem fast and slow opening bottom blow-down valves
Surface blowdown metering and stop valve.
Vessel shall be insulated with minimum of 2-inches of high-density insulation and have an outer 20-gauge, stucco-embossed aluminum jacket. Insulation shall provide a maximum surface temperature of 110°F when the unit is operating at maximum steam pressure in ambient conditions of 70°F still air. 
Modulated Feed water control valve with strainer, by-pass, and isolation valves furnished as standard factory wired to a modulated level controller.
Minimum Class 150 OS&Y Cast, or Forged Steel Gate Valve Stop Valve.
Minimum Class 150 Cast, or Forged Steel Check Valve. Mount check valve downstream of Stop Valve. If connecting to a header, the project will provide a valve at the point of connection to the header. Else, provide second Class 150 Cast Steel Gate Valve downstream of the check valve. Provide Vent and Drain at between the check valve and the second valve to allow service of the check valve.
1-inch forged steel class 800 threaded gate valve shell vent. 
Class 300 Cast Steel or Forged Steel manually operated, flanged HTW inlet and outlet valves in accordance with section 23 2400
HTW inlet strainer mounted downstream of the inlet manual shut off valve
UNFIRED STEAM GENERATOR TRIM
Safety Relief Valve(s):
Size and Capacity:  As required for equipment in accordance with ASME Boiler and Pressure Vessel Code:  Section I.
Safety Valve(s): ASME rated with steel spring, adjustable pressure range, and positive shutoff; factory set and sealed.
Drip-Pan Elbow:  Cast iron and having threaded inlet and outlet with threads complying with ASME B1.20.1.
Pressure Gage:  Minimum 6-inch diameter panel mounted.  Provide siphon at the gauge and shut off valve at point of connection. Point of connection shall be NPS 1. Gauge shall be NPS ½ bottom or back connection
Water Column:  Minimum 12-inch glass gage with shutoff cocks. Provide high-pressure reflex-type gauge glass. Tubular glass water glasses are prohibited. 
Drain Valves:  Minimum NPS 1
Blowdown Valves:  Factory-installed slow-acting duplex bottom blowdown valve.  Blowdown valves shall be combination of slow and quick acting as required by ANSI B31.1 and surface.
Blowdown Tank:		If required by project, provide a new ASME code stamped blow-down separator constructed of seamless shell, rated for minimum 150 psig.
Stop Valves:  Unfired steam generator inlets and outlets, except safety relief valves or preheater inlet and outlet, shall be equipped with stop valve in an accessible location directly connected to the unfired steam generator outlet.  Valves shall have rising stem.  Valves shall be flanged or threaded OS&Y valves. 
Stop-Check Valves:  Factory-installed stop-check valve and stop valve at unfired steam generator outlet with free-blow drain valve factory installed between the two valves and visible when operating stop-check valve.
Vent Connection: Factory installed vent connection complete with NPS 1 forged steel 800# OS&Y gate valve. Connection to the shell shall be reinforced and the nipple connecting the valve shall be schedule 80 minimum. Provide stainless steel nipple with stainless steel shell and carbon steel nipple with carbon steel shell.  Locate the vent valve for convenient use when preparing to open the shell access. Provide NPS 1 forged stainless steel vent valve for clean steam application. 
Additional Shell Connections: Provide three shell connections with NPS 1 nipples and valves as for the vent connection herein. Provide one on the top of the shell one at the normal water line level and one at the bottom of the shell. These connections are in addition to all other connections. 
OPERATING CONTROLS
Description:  To maintain safe operating conditions, safety controls limit the operation. 
High Cutoff:  Automatic reset stops high temperature water flow if operating conditions rise above maximum unfired steam generator operating pressure.
Low-Water Cutoff Switch:  Electronic probe shall prevent unfired steam-generator operation on low water.  Cutoff switch shall be manual-reset type.
Alarm Bell:  Factory mounted on control panel with silence switch; shall sound alarm for above conditions.
Operating Pressure Control:  Factory wired and mounted to control valve.
Pump Control:  Control feedwater pump(s) for makeup water control.
Sequence of Operation:  Electric, factory-fabricated, and field-installed panel to maintain a constant steam pressure.  Maintain pressure set point plus or minus 5 percent.
Building Management System Interface:  Factory-installed hardware devices allowing building management system to monitor steam pressure, set point, and display unfired steam generator status and alarms.
SOURCE QUALITY CONTROL
Test and inspect factory-assembled unfired steam generators, before shipping, in accordance with ASME Boiler and Pressure Vessel Code:  Section VIII, Division I.
EXECUTION
EXAMINATION
Before unfired steam generator installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations, and piping and electrical connections to verify actual locations, sizes, and other conditions affecting unfired steam generator performance, maintenance, and operations.
Final unfired steam generator locations indicated on Drawings are approximate.  Determine exact locations before roughing-in for piping and electrical connections.
Examine mechanical spaces for suitable conditions where unfired steam generators will be installed.  Proceed with installation only after unsatisfactory conditions have been corrected.
INSTALLATION
Install unit’s level on concrete base.  Concrete base is specified in Division 23 Section "Common Work Results for HVAC," and concrete materials and installation requirements are specified in Division 03.
Concrete Bases:  Anchor unfired steam generators to concrete base.
Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch centers around full perimeter of base.
For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
Install anchor bolts to elevations required for proper attachment to supported equipment.
Cast-in-place concrete materials and placement requirements are specified in Division 03.
Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
Connect piping to unfired steam generators, except safety relief valve connections, such that natural bends in the piping will compensate for thermal expansion.  Flexible connectors of materials suitable for service shall be used only with permission of the University after other options have been examined. 
Connect steam and condensate piping to supply-, return-, and blowdown- tappings with shutoff valve and union or flange at each connection.
Install piping from safety valves to drip-pan elbow and to nearest floor drain. Installed piping shall place no strain on the safety valve. 
Install piping from blowdown valves, blowdown tank to floor drain.
Install piping adjacent to generators to allow service and maintenance. Route piping as required to prevent tripping hazards.
Ground equipment in accordance with Division 26 Section "Grounding and Bonding for Electrical Systems."
Connect wiring in accordance with Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."
STARTUP SERVICE
Engage a factory-authorized service representative to test, inspect, and adjust unfired steam generator components and equipment installation and to perform startup service.
Perform installation and startup checks in accordance with manufacturer's written instructions.
Leak Test:  Hydrostatic test.   Repair leaks and retest until no leaks exist.
Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.
Adjust initial pressure set points.
Set field-adjustable switches as required.
Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to two visits to site outside normal occupancy hours for this purpose, without additional cost.
Prepare written report that documents testing procedures and results.
CLEANING
After completing system installation, including outlet fitting and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finishes.
COMMISSIONING
Verify that unfired steam generators are installed and connected in accordance with the Contract Documents.
Adjust flows and controls to deliver specified performance.
Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.
DEMONSTRATION
Engage a factory-authorized service representative to train University's maintenance personnel to adjust, operate, and maintain heat exchangers as specified below:
Train University’s maintenance personnel on procedures and schedules for starting and stopping, troubleshooting, servicing, and maintaining heat exchangers.
Review data in maintenance manuals.  Refer to Division 01.
Schedule training with University’s Representative, with at least seven days' advance notice.
END OF SECTION
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