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STEAM-TO-WATER HEAT EXCHANGERS
GENERAL
1.01 SUMMARY
A. Section includes steam-to- heating water, industrial hot water, and domestic hot water shell-and-tube and storage tank converters and heat exchangers.
1.02 APPLICATION:
A. This specification is for use only at the UCI Medical Center in Orange.  It is not applicable to the UCI Campus in Irvine.
1.03 DEFINITIONS
A. Deg-F,°F:	Degrees Fahrenheit – temperature
B. DFT: Dry Film Thickness
C. DHW - Domestic Hot Water
D. HPS: High Pressure Steam. HPS is steam at 15 psig or higher. 
E. HW - Heating Water 
F. IHW - Industrial Hot Water
G. NPS: Nominal Pipe Size
H. PSI: pounds per square inch
I. PSIG:	pounds  per square inch gauge (pressure above standard atmospheric pressure)
J. PTFE: polytetrafluoroethylene, often with the trade name Teflon®
K. SSPC: Society for Protective Coatings (formerly Steel Structures Painting Council) 
L. TEMA:  Tubular Exchanger Manufacturers Association
1.04 ACTION SUBMITTALS
A. Product Data:  Include rated capacities, operating characteristics, furnished specialties, and accessories.
B. Shop Drawings:  Signed and sealed by a qualified professional engineer.  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
1. Design Calculations:  Calculate requirements for selecting seismic restraints and for designing bases.
2. Base Details:  Detail fabrication including anchorages and attachments to structure and to supported equipment.
C. Coordination Drawings:  Equipment room, drawn to scale, on which the following items are shown and coordinated with each other, based on input from installers of the items involved:
1. Tube-removal space.
2. Structural members to which heat exchangers or storage tank will be attached.
D. Manufacturer Seismic Qualification Certification:  Submit certification that heat exchanger and storage tank, accessories, and components will withstand seismic forces defined in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment.". Include the following:
1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.
a. 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."
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.
3. A detailed description of equipment anchorage devices on which the certification is based and their installation requirements
CLOSEOUT SUBMITTALS
E. Operation and Maintenance Data:  For heat exchanger and storage tanks to include in emergency, operation, and maintenance manuals
1.05 QUALITY ASSURANCE
A. Product Options:  Drawings indicate size, profiles, performance, and dimensional requirements of heat exchanger and storage tanks and are based on the specific equipment indicated  
B. ASME Compliance:  Fabricate and label heat exchanger and storage tanks to comply with ASME Boiler and Pressure Vessel Code:  Section VIII, "Pressure Vessels," Division 1.
C. Tubular Exchanger Manufacturers Association Class: Constructed to TEMA standards  
1.06 WARRANTY
A. Special Warranty: Manufacturer agrees to repair or replace components of heat exchangers that fail in materials or workmanship within specified warranty period.
1. Failures include, but are not limited to, the following:
a. Structural failures, including heat exchanger, storage tank, and supports.
b. Faulty operation of controls.
c. Deterioration of metals, metal finishes, and other materials beyond normal use.
2. Warranty Periods: From date of Substantial Completion.
a. Shell-and-Tube Heat Exchangers:
1) Tube Coil:  Two years.
2) Other Components:  Two years.
3) Gasketed-Plate Type;  Two years.
PART 2 -  PRODUCTS
2.01 MANUFACTURERS
A. The following requirements apply to product selection:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.
2. 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.  
B. Manufacturers:
1. API Heat Transfer Inc.
2. Diversified Heat Transfer
3. Howard’s Engineering Heat Transfer Products Corp
4. Standard Xchange
5. WCR Incorporated
6. Or equal.
2.02 HPS TO HEATING WATER SHELL-AND-TUBE HEAT EXCHANGER (CONVERTER) 
A. Configuration:  Removable U-tube bundle with heating water in the tubes and steam in the shell.  Provide horizontal heat exchanger with tubes removed from the front. Arrange heating water nozzle connections for clean and uncluttered piping installation. Provide sufficient mounting height to ensure complete drainage of condensate using a low-pressure trap and vented shell (no-stall construction). Exchanger (converter) shall be a completely assembled package with necessary controls and appurtenances ready for connection to the customer’s steam, water, electricity, building automation and compressed air utilities. Carefully ascertain the pressures, temperatures, building automation system, and voltages available and provide accordingly.
B. Construction:
1. Fabricate and label heat exchangers to comply with ASME Boiler and Pressure Vessel Code, Section VIII, "Pressure Vessels," Division 1.
2. Fabricate shell-and-tube heat exchangers to comply with "TEMA Standards."
C. Shell: 
1. Material:	316L stainless steel 
2. Nominal shell wall thickness shall be a minimum of 0.25 inch. 
3. Rating: ASME rated for 150 psig at 450°F 
4. Shell Connections:		
a. Flanged Connections: Class 150 ANSI, stainless steel weld neck flanges. Provide flat or raised face to match shut off valves or flanged piping connections. 
b. Threaded Connections: Reinforced (Thredolet® or equal) threaded relief valve, drain, temperature sensor, and vent connections. Minimum vent, vacuum-breaker, or relief valve connection size is ¾-inch NPS. Minimum drain size is 1-inch NPS. 
1) Half-couplings or other unreinforced connection methods are prohibited.
5. Test Pressure:	300 psig at 75°F (This is deliberately greater than ASME requirements.) 
D. Front Channel or Bonnet:
1. Materials:  Fabricated steel.
2. Piping Connection:	 Class 150 ANSI Raised Face, ASTM A105, ASME B16 forged steel flanges with raised or flat face to match valve or pipe connections. 
3. Shell Connection:	Flanged and bolted to shell.
4. Arrangement:	Front Channel or Bonnet shall be removable without affecting gasket between the tube sheet and the shell.
E. Tubes:
1. 316L Stainless-steel, or titanium 
2. Diameter: ⅝ or ¾-inch 
3. Thickness:	Minimum 18 BWG (0.049-inch) for stainless steel and 20 BWG (0.035) inch for titanium. 
4. Arrangement: Allow for mechanical cleaning of the tube bundle, which requires Square (90°) or Rotated-Square (45°)
5. Configuration:	U-tube 
6. Rating:	ASME rated for operating condition of 150 psig at 450°F
7. Test Pressure:	300 psig at 75°F
F. Tubesheet Material:  316L Stainless steel
G. Flow Baffles or Tube Spacers:  316L Stainless steel, or PTFE
H. Hardware: ASTM A193 Grade B8 or B8M, and ASTM A194 Grade 8, 8A, or 8M, or 8MN as required for chemical and mechanical compatibility with the bolts. Ensure assembly without galling or tearing of the threads. Maximum bolt diameter: 1¼-inch. 
I. Channel Gasket: Spiral wound type 316L stainless steel, non-asbestos filled, with centering guide, Class 150, as manufactured by Flexitallic “ChangeTM,” Garlock, or equal.
J. Support Saddles:
1. Fabricated of material similar to shell
2. Fabricate foot mount with provision for anchoring to support.
3. Saddles shall be independent of shell, welding saddles to shell is prohibited.  Provide clamp type to secure shell to support saddles. Supports shall resist heat-exchanger movement during a seismic event.
4. Mount units with sufficient height to drain the condensate through low-pressure traps. 
K. Capacity and Characteristics:
1. General:
a. Shell Diameter:  Minimum NPS 6.
b. Heat-Exchanger Tube Bundle Length to Shell Diameter Ratio: 4 to 1 minimum 12 to 1 maximum
c. Maximum shell diameter: 12-inch. Provide parallel units to achieve capacity instead of larger shells. 
d. Maximum tube bundle overall length including bends: 102 inches. 
2. Tube Side:
a. Fluid:  Chemically Treated Building Heating Water
b. Pressure Drop:  10 feet of water, maximum. Coordinate with heating water System design.
c. Inlet Temperature for selection purposes: 140°F
d. Outlet Temperature for selection purposes: maximum 180°F 
e. Fouling Factor:  0.0005 hr-ft²-°F/Btu
3. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Shell Side:
a. Fluid:  Steam
b. Design Pressure:  150 psig at 450°F
c. Test Pressure: 300 psig at 75°F
d. Pressure Drop:  Negligible for atmospheric vented shell
e. Inlet Pressure: As specified. Typically 40 psig, nominal at the point of connection to the exchanger package 
f. Outlet Temperature:  condensate less than 212°F 
g. Fouling Factor:  0.00025 hr-ft²-°F/Btu 
L. Pressure Relief Valves:   ASME rated and stamped.
M. Shell Finish
1. Sand blast exterior of carbon steel shells to SSPC-SP10.  Prime and paint with two coats of high temperature epoxy coating.  Achieve at least 8 mils DFT per coat with a final thickness at least 24 mils DFT for complete prime and paint coating. 
2. Clean and remove all weld spatter and provide a uniform appearance on Stainless Steel Shells. 
N. Provide steam trap arrangement sufficient for 200% of design load at vented shell draining. Provide non-stall design. Provide trap test valve and tee. Provide strainer with blow off valve. 
O. Provide vacuum breaker on shell side (minimum 1-inch shell connection). 
P. Provide separate shell drain with NPS 1 x 6-inch nipple and stainless steel ball valve.
Q. Provide separate shell vent with NPS 1 x 6-inch nipple and stainless steel ball valve
R. Heat Exchanger Control And Safety
1. Steam Shut Off Valve
a. Upstream of steam appurtenances, provide class 150 flanged ductile iron, forged steel, or cast steel gate valve or class 800 threaded forged steel gate valve. This shall be the point of connection for the building steam. Select the valve to meet the steam flow requirements. This may mean a pipe size different from the building steam piping. 
2. Heating Water temperature sensor transmitter:  Install in the Outlet Heating Water Pipe
a. Manufacturers:
1) Rosemount
2) Or equal.
b. Configuration:  Stainless thermowell with Temperature Indicator and transmitter
3. Control Valve:
a. Conventional pneumatically operated globe, angle, or v-ball control valve taking an electronic signal from the Building Automation System and using compressed air to move the valve. 
1) Provide connection for compressed air at the control valve. Provide appropriate filter, and pressure regulator, which may be mounted to the valve or separate. 
b. Control valve shall operate from zero to 100% of system capacity without stalling and without producing high temperature (above 212°F) condensate. 
c. If necessary, provide upstream steam pressure regulator to ensure that the control valve does not stall during operation. 
4. Over temperature safety.
a. Provide independent solenoid-operated air shut off valve to shut off compressed air to the control valve in the event of heating water over temperature. Provide indicator light at control panel and contact for building automation connection to indicate alarm condition. Over temperature device shall start at 200°F (adjustable) and be manually reset. 
5. Condensate Shut Off Valve:
a. Provide downstream of steam and condensate appurtenances a class 150 threaded or flanged, ductile iron, forged steel, or cast steel gate valve. This valve shall be the point of connection for the condensate piping to the condensate receiver. 
2.03 HPS TO DOMESTIC AND INDUSTRIAL HOT WATER STORAGE TANK WATER HEATERS 
A. Configuration:  Removable U-tube bundle with HPS in the tubes and domestic or industrial hot water (DHW or IHW) in the shell (tank).  Provide vertical or horizontal storage tank with integral horizontal heat exchanger with tubes removed from the front or separate heat exchanger and storage tank with pump between the two. Provide double wall vented tubes on domestic water storage tanks or heat exchangers.   Comply with NSF/ANSI 372. Water heater shall be a completely assembled package with necessary controls and appurtenances ready for connection to the customer’s steam, water, electricity, building automation, and compressed air utilities. Carefully ascertain the pressures, temperatures, control system configuration, and voltages available and provide accordingly. 
B. Construction:
1. Fabricate and label storage tank heat exchangers to comply with ASME Boiler and Pressure Vessel Code, Section VIII, "Pressure Vessels," Division 1.
2. Fabricate tube heat exchangers to comply with "TEMA Standards."
C. Shell (tank)
1. Materials:  Materials:	316L Stainless Steel or 400 series stainless steel suited specifically for use in potable water heating applications, rated for 150 psi at 450°F, with 0.0625-inch corrosion allowance.
2. Piping Connection:		
a. Class 150 ANSI RF, ASTM A105, Grade II, ASME B16 forged, stainless steel flanges, chemically compatible with the shell material rated for 150 psig at 450°F
b. Reinforced (Thredolet® or equal) threaded relief valve, drain, temperature sensor, and vent connections. Half-couplings or other unreinforced connection methods are prohibited. Minimum vent size is ¾-inch NPS. Minimum drain size is 1-inch NPS. Provide ample clearance to access the drain valve.
3. Test Pressure:	225 psig at 75°F
D. Front Channel or Bonnet:
1. Materials:  Fabricated steel or stainless steel
2. Piping Connection:	 Class 150 ASME B16.5 forged steel or stainless steel flanges.
3. Shell Connection:	Flanged and bolted to shell with stainless steel bolts, washers, and nuts.
4. Arrangement:	Channel or Bonnet shall be removable without impacting gasket between tube sheet and shell.
5. Hardware: ASTM A193 Grade B8 or B8M, and ASTM A194 Grade 8, 8A, or 8M, or 8MN as required for chemical and mechanical compatibility with the bolts. Ensure assembly without galling or tearing of the threads. Maximum bolt diameter: 1-inch
E. Tube:
1. Double-wall with passive tube leak detection.
2. Design pressure shall be minimum 150 psig at 450°F. 
3. Stainless-steel 316L or titanium inner and outer tubes.
4. Tube diameter is determined by manufacturer based on service. Minimum inner tube shall be ½-inch nominal outside diameter. Minimum inner tube thickness shall be 0.035 inch. 
5. Configuration:  U-tube, two-pass.
F. Tube sheet Materials:  316 Stainless steel.
G. Baffles and tube supports:  316 Stainless steel or PTFE.
H. Gaskets: Spiral wound type 304 stainless steel, non-asbestos filled, 3/16-inch thick with centering guide, Class 150, as manufactured by Flexitallic, Garlock, or equal.
I. Piping Connections:  Factory fabricated of materials compatible with heat-exchanger shell.  Attach tapping’s to shell before testing and labeling.
1. NPS 2 and Smaller:  Threaded ends in accordance with ASME B1.20.1.
2. NPS 2½ and Larger:  Flanged ends in accordance with ASME B16.5 for steel and stainless-steel flanges and in accordance with ASME B16.24 for copper and copper-alloy flanges.
J. Tank Support Legs:
1. Fabricated of material similar to shell.
2. Fabricate foot mount with provision for anchoring to support.
3. Fabricate attachment of tank supports to pressure vessel with reinforcement strong enough to resist storage tank movement during seismic event when tank supports are anchored to building structure.
4. Tanks shall have legs with ample clearance for accessing the bottom drain valve. Circular tank stands are prohibited.
K. Capacities and Characteristics:
1. Tube Side:
a. Fluid:  Steam
b. Pressure Drop:  Gravity draining through low pressure trap condensate system. 
c. Outlet Temperature:  Slightly sub-cooled condensate not warmer than 212°F. 
d. Fouling Factor:  0.00025 hr-ft²-°F/Btu.
e. Provide vacuum breaker
f. Provide low-pressure drop steam trap arrangement with sufficient vertical height to ensure positive drainage. 
g. Provide manual drain valve for condensate
2. Shell Side:
a. Fluid: Domestic or Industrial Water
b. Pressure Drop:  5 psi maximum, and should be negligible on a tank-type unit
c. Inlet Temperature:  60°F.
d. Outlet Temperature:  as specified for project (typically 140°F)
e. Fouling Factor:  0.002 hr-ft²-°F/Btu for hard water service and 0.0005 hr-ft²-°F/Btu for softened water service. Consult with the University prior to selection.
L. Pressure and Temperature Relief Valves:  Stainless steel, Bronze or Brass, ASME rated and stamped.
M. Shell shall be electro-polished after fabrication for maximum corrosion resistance
N. Bottom drain valve: Provide 1-inch NPS drain valve with straight through connection to the tank for blowing down accumulated scale, and debris.  Provide ample clearance for operating drain valve handle. 
O. Storage Tank Control And Safety
1. Steam Shut Off Valve
a. Upstream of steam appurtenances, provide flanged or threaded class 150 ductile iron, forged steel, or cast steel gate valve. This shall be the point of connection for the building steam. Size the valve to meet the steam flow requirements. This may mean a pipe size different from the building steam piping. 
2. Storage tank temperature sensor:  Shall be installed in tank.
a. Manufacturers:
1) Powers Process Controls
2) Or approved equal.
b. Model: Accritem 744-1271
c. Configuration:  Rigid stainless steel bulb.
d. Action: Reverse action (Increase in temperature causes decrease in output signal)
e. Operation: Air operated
3. Control Valve:
a. Conventional pneumatically operated globe, angle, or Vee-ball control valve without positioner taking a 0-15 psig signal directly from the Accritem controller. 
b. Control valve shall operate from 0 to 100% of system capacity without stalling and without producing high temperature (above 212°F) condensate. 
c. If necessary, provide upstream steam pressure regulator to ensure that the control valve does not stall during operation. 
4. Over temperature safety.
a. Provide independent solenoid-operated air shut off valve to shut off and bleed off compressed air to the control valve in the event of tank water over temp. Provide indicator light at control panel and contact for building automation connection to indicate alarm condition. Adjustable over temp device shall start at 160°F and stop at 140°F or as directed. 
b. Provide solenoid operated water dump valve and flow limiter to dump the tank water at 10 gpm to the nearest indirect waste through a drain cooling valve. Dump valve shall open when over temperature device is activated.  Drain cooling valve shall be a Thermomegatech DTV rated for cooling 10 gpm of 180°F using 70°F cooling water to 140°F. 
c. Provide conventional Temperature and Pressure safety valve with relieving capacity rated for 150% of the heat input rating. 
5. Condensate Shut Off Valve:
a. Provide downstream of steam and condensate appurtenances a class 150 threaded or flanged, ductile iron, forged steel, or cast steel gate valve. This valve shall be the point of connection for the condensate piping to the condensate receiver. 
2.04 SOURCE QUALITY CONTROL
A. Factory Tests:  Test and inspect heat exchanger and storage tanks in accordance with ASME Boiler and Pressure Vessel Code, Section VIII, "Pressure Vessels," Division 1.  Affix ASME label.
B. Heat exchanger and storage tanks will be considered defective if they do not pass tests and inspections.
C. Prepare test and inspection reports.
PART 3 -  EXECUTION
3.01 EXAMINATION
A. Examine areas for compliance with requirements for installation tolerances and for structural rigidity, strength, anchors, and other conditions affecting performance of heat exchanger and storage tanks.
B. Examine roughing-in for heat-exchanger piping to verify actual locations of piping connections before equipment installation.
C. Proceed with installation only after unsatisfactory conditions have been corrected.
3.02 HEAT-EXCHANGER AND STORAGE TANK INSTALLATION
A. Install shell-and-tube heat exchangers and storage tanks on saddle supports with provisions to drain shell (tank).
B. Install shell-and-tube heat exchangers and storage tanks 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 3.>
C. Concrete Bases:  Anchor heat exchanger and storage tanks to concrete base.
1. Coordinate sizes and locations of concrete bases with actual equipment provided.
2. Construct bases to withstand, without damage to equipment, seismic force required by code.
3. Construct concrete bases minimum 6 inches high and extend base not less than 6 inches in each direction beyond the maximum dimensions of heat exchanger storage tanks unless otherwise indicated or unless required for seismic anchor support.
4. 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.
5. For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
6. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
7. Install anchor bolts to elevations required for proper attachment to supported equipment.
8. Ensure equipment support feet make complete contact with concrete base or grout. 
9. <Cast-in-place concrete materials and placement requirements are specified in Division 03.>
D. Heat-Exchanger Supports:  Use factory-fabricated cradles and supports specifically designed for each heat exchanger and storage tank.
E. Coordinate the tank and heat exchanger insulation in accordance with Division 22 or 23 Insulation specifications and provide clearance for operation of valves and appurtenances. 
3.03 CONNECTIONS
A. Comply with requirements for piping specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
B. Maintain manufacturer's recommended clearances for service and maintenance.  Install piping connections to allow service and maintenance of heat exchangers.
C. Install shutoff valves at heat-exchanger inlet and outlet connections.
D. Install relief valves on heat-exchanger heated-fluid connection and install pipe relief valves, full size of valve connection, to safe location. Support relief valve piping so that no strain is transferred to the relief valve body.
E. Install manually operated ball valve to vent shell (tank).
F. Install ball valve to drain shell. Pipe drain to nearest floor sink or drain.  Arrange drain piping neatly and minimize tripping hazards. 
G. Piping:  Design, support, and install steam and condensate piping, and relief piping so that gravity and thermal expansion loads are not transferred to the heat exchanger or storage tank points of connection.  Installation and piping accessories shall comply with the steam heat exchanger details. 
H. Install thermometers and pressure gages in accordance with Campus Standard details. 
I. Pipe and Valve materials and placement requirements are specified in Division 23.
3.04 FIELD QUALITY CONTROL
A. Perform the following tests and inspections:
1. Leak Test:  After installation, charge system and test for leaks.  Repair any piping leaks and retest until no leaks exist.  Heat exchanger and storage tank manufacturer’s service representative shall repair any leaks to shell or tubes.
2. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.
B. Prepare test and inspection reports.
3.05 CLEANING
A. After completing system installation, including outlet fitting and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finishes.
3.06 COMMISSIONING
A. Verify that heat exchangers and storage tanks are installed and connected in accordance with the Contract Documents.
B. Adjust flows and controls to deliver specified performance.
C. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.
3.07 DEMONSTRATION
A. Train University’s maintenance personnel to adjust, operate, and maintain steam heated heat exchangers and storage tanks.  Refer to Division 01.
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