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BUILDING STEAM, CONDENSATE PIPING, AND SPECIALTIES
GENERAL
SUMMARY
Section includes steam and condensate piping and specialties for systems up to 125 psig, inside the buildings on campus. Use of steam for building heating is prohibited. 
Section applies to ordinary building steam systems and not to the steam system inside the UCI Central Plant.  Materials for the Central Plant steam system are specified elsewhere. Clean steam system materials and specifications are covered elsewhere and generally involve replacing steel and iron components with 316L stainless steel equivalents. 
DEFINITIONS
HP Systems:  High-pressure systems operating above 15 psig. 
LP Systems:  Low-pressure systems operating at less than 15 psig.
SYSTEM DESCRIPTION
Campus building steam piping systems are two-pipe (steam piping and condensate piping separated). Steam is typically generated using high temperature water in steam generators. Pressure is typically about 60 psig. However, some applications have slightly greater pressure. Occasionally, the campus uses electric steam generators to produce limited quantities of steam, principally for sterilizers. Typical entire-system capacities are less than 6000 lbm per hour. 
ACTION SUBMITTALS
Product Data: Provide complete manufacturers’ data including rated capacities for controls, regulators, traps, and for each type of the following:
Pipe and fittings.
Joining materials.
Valves 
Chainwheel Actuators
Steam traps 
Air vents
Vacuum breaker
Strainers
Flash tanks
Meters
Shop Drawings:  Detail fabrication of pipe anchors, hangers, special pipe support assemblies, alignment guides, and expansion joints and loops and their attachment to the building structure.  Show location and anchoring of components. Include dimensions, weights, loadings, and required clearances, method of field assembly, components, and location and size of each field connection.
Retain "Delegated Design Submittal" Paragraph below if design services have been delegated to Contractor.
0. Delegated Design Submittal:
Design calculations and detailed fabrication and assembly of pipe anchors and alignment guides, hangers and supports for multiple pipes, expansion joints and loops, and attachments of the same to the building structure.
Locations of pipe anchors and alignment guides and expansion joints and loops.
Locations of and details for penetrations, including sleeves and sleeve seals for exterior walls, floors, basement, and foundation walls.
Locations of and details for penetration and firestopping for fire- and smoke-rated wall and floor and ceiling assemblies.
INFORMATIONAL SUBMITTALS
Retain "Welding certificates" Paragraph below if retaining "Steel Support Welding" or "Pipe Welding" Paragraph in "Quality Assurance" Article.
Welding certificates.
Retain "Field quality-control reports" Paragraph below if Contractor is responsible for field quality-control testing and inspecting.
Field quality-control reports.
Field Test Reports:  Written reports of tests specified in Part 3 of this Section.  Include the following:
Test procedures used.
Test results that comply with requirements.
Failed test results and corrective action taken to achieve requirements.
CLOSEOUT SUBMITTALS
Operation and Maintenance Data: For valves, safety valves, pressure-reducing valves, steam traps, air vents, vacuum breakers, and meters to include in emergency, operation, and maintenance manuals.
Maintenance Data:  For system components supplied, provide complete manufacturer’s data, including part number exploded diagrams, include in maintenance manuals specified in Division 01.
QUALITY ASSURANCE
Retain "Steel Support Welding" and "Pipe Welding" paragraphs below for welded supports or piping. AWS states that welding qualifications remain in effect indefinitely unless welding personnel have not welded for more than six months or there is a specific reason to question their ability.
Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
Pipe Welding:  Comply with Division 23 Section “Welding Pressure Piping.”
ASME Compliance:  Comply with ASME B31.1, "Power Piping," for materials, products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME label.  Fabricate and stamp flash tanks to comply with the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1.
Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.
ASME Compliance:  Comply with ASME B36.19M “Stainless Steel Piping”.
PERFORMANCE REQUIREMENTS
Delete this Article if not required.
Design supports for multiple pipes, including pipe stands, capable of supporting combined weight of supported systems, system contents, and test water.
Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
Design seismic-restraint hangers and supports shop drawing for piping and equipment in accordance with CBC.
Structural Seismic Performance:  Refer to Division 23 Section “Vibration and Seismic Controls for HVAC.” 
COORDINATION
Coordinate layout and installation of steam and condensate piping and suspension system components with other construction, including light fixtures, hydronic piping, fire-suppression-system components, and partition assemblies.
Coordinate pipe sleeve or core drilling installation for foundation wall penetrations.
Coordinate piping installation with roof curbs, equipment supports, and roof penetrations.  Roof specialties are specified in Division 07 Section “Roof Accessories.”
Coordinate pipe fitting pressure classes with products specified.
Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03 Section “Cast-In-Place Concrete.”
Coordinate installation of pipe sleeves or core drilling for penetrations through exterior walls and floor assemblies.  Coordinate with requirements for firestopping specified in Division 07 Section "Penetration Firestopping” for fire and smoke wall and floor assemblies.
PRODUCTS
MANUFACTURERS
Subject to compliance with requirements, provide products by one of the listed manufacturers and as follows: 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Pipe, tube, and fittings shall be of domestic, Canadian, Australian, or Japanese manufacture.  Other piping may be supplied, provided that the manufacturer is currently “ISO 9001 Certified” for Global Management Standards. Provide complete documentation of compliance with standards with submittal for approval. 
[bookmark: OLE_LINK4]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.  
PIPING MATERIALS
General:  Refer to Execution Part 3 piping application articles for applications of pipe and fitting materials specified in Part 2.
PIPE AND FITTINGS
Steel Pipe, NPS ½ through NPS 12:  ASTM A53, Type S (seamless), Grades  B, Schedules 40 and 80, black steel, plain ends.
Steel Pipe Nipples:  ASTM A733, made of ASTM A53, Schedule 80, black steel; Type S (seamless) for NPS 2 and smaller and Schedules 40 and 80 for NPS 2½ and larger.
Stainless steel pipe: ASTM Type 304 or 316 Stainless Schedule 40, 20, or 10 as specified for the job:
Stainless Pressure Fittings: compatible with material and wall thickness to the pipe.
Stainless steel flanges: class 150 weld-neck or grooved compatible with pipe material.
Stainless Steel Unions: prohibited for schedule 20 and 10.
Stainless Grooved End Fittings: Rigid and flexible full weight grooved couplings.
Stainless Press Fittings: compatible with pipe.
Gaugeable Double-ferrule Tube Fittings and Adaptors
Swagelok
Or equal
Cast-Iron Threaded Fittings:  Prohibited for use in steam systems.
Malleable-Iron Threaded Fittings:  ASME B16.3; Class  300.
Provide standard full-size fittings.  
Prohibited fittings include: street elbows, side outlet elbows, and bushings.
Malleable-Iron Unions:  ASME B16.39; Class 300 with bronze insert.
Forged Steel Unions: Rockwood Type; Ball and Cone Seat; Stainless Female Seat; Bronze Male Seat.
Bonney Forge Type 604
Or equal
Forged Steel Fittings: ASME B16.11, ASME B1.20.1.
Double-ferrule fittings: 
Ductile-Iron Flanged Fittings:  ASME B16.1, Class; raised ground face, and bolt holes spot faced.  Provide welding neck, or lap-joint flanges.  Threaded flanges are prohibited.  
Butt Welding Fittings:  ASTM A234, WPB. 
Welding Materials:  Comply with Section II, Part C, of the ASME Boiler and Pressure Vessel Code for welding materials appropriate for wall thickness and for chemical analysis of pipe being welded.
Pipe Flanges: Forged steel or stainless steel compatible with the piping, using weld-neck flanges.  Slip on flanges and Van Stone flanges are prohibited. 
Flange Fasteners: ASTM A193 grade B7 hex-head bolts, or studs with grade 2H nuts.  Washers, where used, shall be ASTM F436, Type 1.
Gasket Material:  Spiral wound with external centering ring and compression stop on flange face suitable for use with flat face and raised face flanges. Gasket shall be Flexitallic style CG, or equal.
Thickness: 0.125-inches.
Material: 304 or 316 stainless steel metal winding, with PTFE filler. 
Temperatures Rating: 425 Fahrenheit, minimum.
Pressure Rating: 250 psig, minimum.
VALVES
Refer to Part 3 "Valve Applications" Article for applications of each valve.
Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.
Valve Sizes:  Same as upstream pipe, unless otherwise indicated.
Non-rising stem valves are prohibited.
Valve Flanges:  ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves and ASME B16.24 for bronze valves.
FORGED STEEL VALVES (NPS 2 and smaller)
Manufacturers:
Bonney Forge Corporation
Velan Valve Corporation
Walworth 
Or equal
Gate Valves: 
Bolted Bonnet:
Class 800
API 602 - ASME B16.34 - BS 5352, 
Testing in accordance with API 598, 
Marking MSS SP25, 
Outside Screw and Yoke (OS&Y), 
Self-aligning two piece packing gland,
Spiral-wound gasket, 
Integral backseat, 
Socket Weld Ends to ASME B16.11 or
Screwed Ends (NPT) to ASME B1.20.1 
Full port (reduced port with written approval by University)
Welded Bonnet: 
Class 800
API 602 - ASME B16.34 - BS 5352
Testing in accordance with API 598
Marking MSS SP25
Outside Screw and Yoke (OS&Y)
Self-aligning two piece packing gland
Integral backseat
Body Bonnet Weld to ASME IX
Socket Weld Ends to ASME B16.11
Screwed Ends (NPT) to ASME B1.20.1
Full port (reduced port with written approval by University)
Globe Valves (rarely used, consult with University’s Representative):
Bolted Bonnet:
Class 800
ASME B16.34 - BS 5352
Testing in accordance with API 598
Marking MSS SP25
Outside Screw and Yoke (OS&Y)
Self-aligning two piece packing gland
Spiral-wound gasket
Integral backseat
Loose solid disc
Socket Weld Ends to ASME B16.11
Screwed Ends (NPT) to ASME B1.20.1
Reduced port
Welded Bonnet:
Class 800
ASME B16.34 - BS 5352
Testing in accordance with API 598
Marking MSS SP25
Outside Screw and Yoke (OS&Y)
Self-aligning two piece packing gland
Integral backseat
Body bonnet weld to ASME IX
Loose solid disc
Socket Weld Ends to ASME B16.11
Screwed Ends (NPT) to ASME B1.20.1
Reduced port
Check Valves:
Bolted Bonnet:
Class 800
ASME B16.34 - BS 5352
Testing in accordance with API 598
Marking MSS SP25
Spiral-wound gasket
Socket Weld Ends to ASME B16.11
Screwed Ends (NPT) to ASME B1.20.1
Full port
Welded Bonnet:
Class 800
ASME B16.34 - BS 5352
Testing in accordance with API 598
Marking MSS SP25
Spring on request only
Body bonnet weld to ASME IX
Socket Weld Ends to ASME B16.11
Screwed Ends (NPT) to ASME B1.20.1
Full Port
CAST STEEL VALVES (NPS 2½ and larger)
Manufacturers:
Bonney Forge Corporation.
Crane.
Jenkins.
Stockham
Milwaukee Valve
Newmans; Newco Valves.
Velan Valve Corporation.
Walworth
Williams Valve Corporation.
Or equal.
Gate Valves:  
API 600, ASME B16.34 cast steel, outside screw and yoke, rising stem, non-rising handwheel, removable yoke sleeve.
Pressure Rating:  Class 150.
Body/Bonnet Material:  ASTM A216 WCB.
Configuration:  Bolted bonnet.
Stem:  Forged stainless steel.
Seats:  Weld-in type, ground and lapped.
Packing:  Graphite.
Trim:  13% chromium, full stellite hard-faced trim (API trim #5).
Wedge:  Flexible type wedge.
Connection:  Raised-face flanges.
Globe Valves: These are rarely used on campus and not used in the size where flanges would be required. Consult with University’s Representative prior to specifying valves in this size. 
Check Valves:  
API 600 cast steel, swing type disc.
Pressure Rating: Class 150.
Body/Bonnet Material: ASTM A216 WCB.
Configuration: Bolted body to cap.
Hinge Pin: Forged stainless steel.
Seats:  Weld-in type, ground and lapped.
Trim:  13 % chromium, full stellite hard-faced trim (API trim #5).
Disc:  Forged stainless steel.
Connection: Raised-face flanges.
CHAINWHEEL ACTUATORS
Manufacturers:
Babbitt Steam Specialty Co.
Roto Hammer Industries, Inc.
Or equal.
Description:  Valve actuation assembly with sprocket rim, brackets, and chain.
Description:  Valves actuation assembly with sprocket rim, brackets, and chain.
Sprocket Rim with Chain Guides:  Ductile iron of type and size required for valve, include zinc coating.
Chain:  Hot dip, galvanized steel of size required to fit sprocket rim.
SAFETY VALVES
Manufacturers:
Armstrong International, Inc.
Kunkle 
Spirax Sarco
Watts Regulators.
Watson McDaniel.
Or equal.
Size and Capacity:  As required for equipment in accordance with the ASME Boiler and Pressure Vessel Code.
Valves below are available in NPS 1/2 through NPS 2-1/2.
Brass or Bronze Safety Valves less than NPS 3:  Class 250, with threaded inlet and outlet; forged copper-alloy disc; fully enclosed steel spring with 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.
Valves below are available in NPS 1-1/2 through NPS 6.
Cast-Iron Safety Valves greater than NPS 1¼:  Class 250; forged copper-alloy disc with bronze nozzle; fully enclosed, cadmium-plated steel spring with adjustable pressure range and positive shutoff; raised-face flanged inlet and threaded outlet connections; factory set and sealed.
Drip-Pan Elbow:  Cast iron and having threaded inlet and outlet with threads complying with ASME B1.20.1.
PRESSURE-REDUCING VALVES
Schedule pressure-reducing valves and include size, capacity, minimum length of straight pipe on both sides of valve, and inlet and outlet pressures.  Select pressure-reducing valves to develop no more than 85 dBA at 3 feet elevation above adjacent floor and at 3 feet in any direction.  Use Schedule 80 minimum for piping inlet and outlet connections to pressure-reducing valves, to achieve the required sound level, or use sound attenuators.
Manufacturers:
TLV COSR-16 
Watson-McDaniel 403 Series
Or equal.
Size, Capacity, and Pressure Rating:  Factory set for inlet and outlet pressures, and flow capacity indicated.
Individual regulators larger than 2-inch NPS are prohibited. Provide parallel regulators where greater capacity is thought necessary. The capacity of a TLV COSR-16 regulating from 60 to 30 psig is more than 3900 pounds per hour. This exceeds the largest single steam loads found in campus buildings. 
Valve Characteristics:  Diaphragm type, with adjustable pressure range and positive shutoff.  Valves shall have cast iron, ductile iron, bronze, or stainless steel body with threaded or flanged connections. Valves shall be internally pilot operated. External pilot regulators are prohibited for new or replacement application. 
STEAM TRAPS
Manufacturers: 
Armstrong International, Inc.
Nicholson
Spirax Sarco, Inc.
Velan
Watson-McDaniel
Or equal.
Float and Thermostatic Traps:  ASTM A126, cast-iron or stainless steel body and bolted cap; renewable, stainless-steel float mechanism with renewable, hardened stainless-steel head and seat; maximum operating pressure of 125 psig; balanced-pressure, stainless-steel or Monel thermostatic bellow element. 
Thermostatic air vent capable of withstanding 45°F of superheat and resisting water hammer without sustaining damage.
Inverted Bucket Traps:  Cast-iron or stainless steel body and cap, pressure rated for 125 psig; stainless-steel head and seat; stainless-steel valve retainer, lever, and guide pin assembly; and brass or stainless-steel bucket from Watson-McDaniel, Velan, Spirax-Sarco, or equal.
Strainer:  Integral stainless-steel inlet strainer within the trap body.
Air Vent:  Stainless-steel thermostatic vent.
Thermostatic Traps: Multi-element bimetal, free-floating ball-type (Velan-type) with built-in strainer. 
AIR VENTS
Manufacturers:
Armstrong International, Inc.
Barnes & Jones, Inc.
Johnson Corp. (The).
Spirax Sarco, Inc. 
Watson McDaniel.
Or equal.
Provide manual air vents at high points of the system.
VACUUM BREAKERS
Use vacuum breakers for steam pressures above 15 psig.
Manufacturers:
Armstrong International, Inc.
Barnes & Jones, Inc.
Johnson Corp. (The).
Spirax Sarco, Inc. 
Watson McDaniel.
Or equal.
Vacuum Breakers:  125-psig steam working pressure, 365°F maximum operating temperature, brass or stainless-steel body, and stainless-steel retainer, spring, and ball; with plain or threaded outlet.
STEAM AND CONDENSATE STRAINERS
Manufacturers:
Mueller Steam Specialties
Vogt
Or equal.
Y-Pattern Strainers:  
1½-inch and smaller: Forged steel, or Ductile Iron Class 250 screwed-end (basis of design Mueller 250-DI).
2-inch and larger: Cast Steel Carbon Steel Class 150 flanged (basis of design Mueller 781).
FLASH TANKS
Shop or factory fabricated of welded steel in accordance with the ASME Boiler and Pressure Vessel Code, for 150-psig rating; and bearing ASME label.  Fabricate with tappings for vents, low-pressure steam and condensate outlets, medium-pressure condensate inlet, air vent, safety valve, and legs.
STEAM METERS (Rarely used. Consult with University’s Representative for specific application)
Manufacturers:
EMCO Flowmeters.
Foxboro
ISTEC Corp.
Preso Meters Corp.
Rosemount
Spirax Sarco, Inc.
Veris
Or equal.
Steam Meters:  Pipeline sensor with stainless-steel wetted parts and flange connections and with a piezoelectric sensor removable and serviceable without shutting down the process.
Turndown Ratio:  At least 10:1 with plus or minus 1 percent accuracy over full flow range.
Microprocessor Enclosure:  NEMA 250, Type 4.
Meters shall have a microprocessor to display totalizer flow, flow rate, temperature, pressure, time, and date; alarms for high and low flow rate and temperature.
Computer shall have 4- to 20-mA or 2- to 10-V output for temperature, pressure, and contact closure for flow increments.
Independent timers to store four peak flow rates and total flow.
Interface compatible with central workstation described in Section 23 0923 "Direct Digital Control (DDC) System for HVAC."
Microprocessor Enclosure: NEMA 250, Type 4.
Retain one of three "Sensor" paragraphs below.
Sensor: Venturi, of stainless-steel construction, for insertion in pipeline between flanges. At least 10:1 turndown with plus or minus 1 percent accuracy over full-flow range.
Sensor: Vortex type with stainless-steel wetted parts and flange connections; and with a piezoelectric sensor removable and serviceable without shutting down the process. At least 10:1 turndown with plus or minus 1 percent accuracy over full-flow range.
Sensor: Spring-loaded, variable-area flowmeter type; density compensated with stainless-steel wetted parts and flange connections. At least 10:1 turndown with plus or minus 2 percent accuracy over full-flow range.
CONDENSATE METERS (Not used. Consult with University’s Representative for specific application)
Manufacturers:
Central Station Steam Company Cadillac® Meter
Lincoln Meter Company
Or equal
Body: Cast iron, bronze, or brass.
Turbine: Copper, brass, or stainless steel.
Connections: Threaded for NPS 2 and smaller and flanged for NPS 2½.
Totalizer: Meters shall have a microprocessor to display flow, flow rate, time, and date; alarms for high and low flow rate, pressure, and temperature.
Computer shall have 4- to 20-mA or 2- to 10-V output for temperature, pressure, and contact closure for flow increments.
Independent timers to store four peak flow rates and total flow.
Microprocessor Enclosure: NEMA 250, Type 4.
Pressure Rating:  Atmospheric.
Maximum Temperature Rating:  250°F.
EXECUTION
PIPING APPLICATIONS 
NPS ¼ and ⅜ pipe and fittings are prohibited. When connecting to equipment with NPS ¼ and ⅜ connections, provide NPS ½ pipe and swaged reducing nipple or 316L stainless steel tubing ½ x 0.035-inch with double-ferrule tube fitting adaptors. 
Steam Piping, NPS ½ to NPS 2: Schedule 40 or 80, grade B, seamless steel pipe, with threaded joints using Class 300 malleable iron screwed fittings, butt-welded fittings, forged steel socket weld fittings, or forged steel screwed fittings and forged steel valves. Submit shop drawings of systems for approval. Provide Schedule 80 piping with threaded fittings. 
Steam Piping, NPS 2½ and larger: Schedule 40, grade B seamless steel pipe, with butt weld fittings or flanged and cast steel valves.
Condensate Piping, NPS 2 and Smaller:  Schedule 80 grade B, seamless steel pipe, with threaded joints using Class 300 malleable-iron fittings, butt-welded fittings, or forged steel screwed fittings and forged steel valves. 
Small Bore Steam and Condensate Piping NPS ½, NPS ¾, and NPS 1: Double-ferrule 316 stainless steel tube fittings with 304L or 316L instrument grade stainless steel OD tubing: ⅝ x 0.065-inch, ¾ x 0.065, 1 x 0.065-inch, or 1¼ x 0.095-inch may be used instead of small-bore piping (NPS ½, NPS ¾, and NPS 1, respectively).  Where tubing is used, make turns in the piping with tubing bends not tube fittings. Provide threaded male or female straight adaptors to connect to threaded valves and fittings. In complicated piping arrangements with multiple bends, make not more than 270° of total consecutive bends and then connect sections with straight double-ferrule tube fitting couplings.  Follow the manufacturer’s tube installation handbook for use of bends and applications.  Tube fittings shall be placed in exposed locations.  Tube fittings shall be from the same manufacturer for the entire project and not mixed. 
Condensate Piping, NPS 2½ and larger:  Schedule 80 grade B, seamless steel pipe, with welded joints using Schedule 80 forged-steel welding fittings and Class 150 forged-steel flanges and cast steel or ductile iron valves. 
Steel steam and condensate piping with threaded fittings shall be schedule 80.
GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
If valves with specified WOG, SWP classes or CWP ratings are unavailable, the same types of valves with higher WOG, SWP classes or CWP ratings may be substituted.
Select valves with the following end connections:
For Steel Piping, NPS 2 and Smaller: Threaded, socket, or butt welded ends.
For Steel Piping, NPS 2½ and Larger: Flanged ends.
VALVE APPLICATIONS
General-Duty Valve Applications:  Unless otherwise indicated, use the following valve types:
Shutoff Duty:  Gate valves or angle valves.
Throttling Duty:  Globe valves (rarely used, consult with University’s Representative).
Install shut off-duty valves at each branch connection to supply mains, at inlet and outlet of each steam trap, and elsewhere as indicated.
VALVE INSTALLATION
Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
Locate valves for easy access and provide separate support where necessary.
Install valves in horizontal piping with stem at or above center of pipe.
Install valves in position to allow full stem movement.
Install chainwheel operators on valves NPS 4 and larger and more than 96 inches above floor.  Extend chains to 48 inches above finished floor elevation.
Install check valves for proper direction of flow and as follows:
Swing Check Valves:  In horizontal position with hinge pin level.
Lift Check Valves:  With stem upright and plumb.
STEAM-TRAP APPLICATIONS
Float and Thermostatic Traps:  equipment outlets, drip legs
Thermostatic traps: drip legs, equipment outlet
Inverted Bucket Traps: equipment outlet
PIPING INSTALLATIONS
Refer to Division 23 Section "Common Work Results for HVAC" for basic piping installation requirements.
Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
Install drains, consisting of a tee fitting, NPS ¾ gate valve, and short NPS ¾ threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
Install drains, consisting of a tee fitting, NPS ¾ gate valve, short NPS ¾ threaded nipple and cap at high points,
Install steam supply piping at a uniform grade of not less than 1 foot per 100 feet downward in direction of steam flow.
Provide condensate trap pockets at not more than 50-foot intervals.  After condensate pocket raise steam line to original horizontal level and slope to the next condensate pocket. 
Install condensate return piping at a uniform grade of not less than 1 foot per 100 feet downward in direction of condensate flow.
Unless otherwise indicated, install branch connections to steam mains using 45-degree fittings in main pipe, with the takeoff coming out the top 90-degree arc of the main pipe.  Consult with University if conditions appear to warrant a different arrangement.  If length of branch takeoff is less than 10 feet, pitch branch line down toward mains at a 1 foot per 100 feet slope.
Install unions in piping NPS 2 and smaller adjacent to each valve, at final connections of each piece of equipment, and elsewhere as indicated. Where used, double-ferrule adaptor fittings are the same as a union. 
Install flanges in piping NPS 2½ and larger at final connections of each piece of equipment and elsewhere as indicated.
Install strainers on supply side of each control valve, pressure-reducing valve, solenoid valve, traps, and elsewhere as indicated.   Match size of strainer blowdown connection for strainers unless of prohibited size. If prohibited size, increase using swaged nipple before installing valve. Never reduce strainer blow off connections. 
Anchor piping for proper direction of expansion and contraction.
Install drip legs at low points and natural drainage points such as ends of mains, bottoms of risers, and ahead of pressure regulators, control valves, isolation valves, pipe bends, and expansion joints.
On straight runs with no natural drainage points, install drip legs at intervals not exceeding 50 feet. 
Size drip legs at vertical risers same size as pipe and extend beyond rise.  Size drip legs at other locations same diameter as main.  In steam mains NPS 6 and larger, drip leg size can be reduced to NPS 4.
Install gate valves at drip legs, dirt pockets, and strainer blowdowns to allow removal of dirt and scale.
Install steam traps close to drip legs.
Pitch condensate piping down toward flash tank.  If more than one condensate pipe discharges into flash tank, install a check valve in each line.  Install thermostatic air vent at top of tank.  Install thermostatic or float and thermostatic trap at low-pressure condensate outlet, sized for three times the condensate load.  Install safety valve at tank top.  Install pressure gage, gate valve, and swing check valve on low-pressure (flash) steam outlet.
Install steam strainers with strainer element horizontal not pointed downwards. Do not form condensate pockets. 
STEAM-TRAP INSTALLATION
Install steam traps in accessible locations as close as possible to connected equipment, provide not less than 18 inches of vertical drop from the equipment outlet or main line to the trap. Connect the trap not more than 48 inches from connected equipment.
Unless otherwise indicated, the following items in flow order shall be present at each trap:
Gate valve
Strainer (with blow off arrangement if not integral with trap assembly)
Union 
Trap
Union
Tee with test drain valve
Check Valve
Gate valve
PRESSURE-REDUCING VALVE INSTALLATION
Install pressure-reducing valves in readily accessible location for maintenance and inspection.
Where directed by the University, install bypass piping around the pressure-reducing valve or station. The reduced-port, forged-steel, globe or angle valve used as a bypass shall be ½-inch NPS, regardless of regulator size.  The intention for the bypass valve is to allow manual starting and warm-up.  Under no circumstances will the bypass be used as semi-permanent means of providing reduced pressure.  The University does not have staffing levels to provide manual regulation of pressure except for short periods during start up. 
Install gate valves around each pressure-reducing valve and bypass valve
Install unions around each pressure-reducing valve having threaded-end connections and at any bypass valve installed
Install pressure gages on both sides of each pressure-reducing valve and ahead of shutoff valve.  Install a pressure gage downstream from globe valve on pressure-reducing valve bypass.
On two-stage pressure-reducing stations, install drip trap and pressure gage upstream from second stage pressure-reducing valve.
Install strainers upstream of each pressure-reducing valve.
Install safety valves downstream from each pressure-reducing valve station.
STEAM OR CONDENSATE METER INSTALLATION
Install lengths of straight pipe upstream and downstream from meters in accordance with steam meter manufacturer's instructions.
Provide data acquisition wiring. See Section 230900 "Direct Digital Control (DDC) System for HVAC".
SAFETY VALVE INSTALLATIONS
Install safety valves in accordance with ASME B31.1.  Pipe safety valve discharge without valves to atmosphere outside building.  Install drip-pan elbow fitting adjacent to safety valve and pipe drain connection to nearest floor drain. Discharge piping shall place no strain on the safety valve body in either normal or discharging conditions. 
HANGERS AND SUPPORTS
Piping support must account for expansion and contraction, vibration, dead load of piping and its contents, and seismic bracing requirements.
Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and Supports for HVAC."
Comply with requirements below for maximum spacing of supports.
Install the following pipe attachments:
Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or longer.
Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, supported on a trapeze.
Spring hangers to support vertical runs.
Verify actual supported loads for hanger sizes and spacing.  Consult structural engineer.  Spacing and sizes below are from the latest edition of  ASHRAE HANDBOOK--"HVAC Systems and Equipment."
Install hangers with the following maximum spacing and minimum rod sizes:
NPS ¾:  Maximum span, 9 feet; minimum rod size, ¼ inch.
NPS 1:  Maximum span, 9 feet; minimum rod size, ¼ inch.
NPS 1½:  Maximum span, 12 feet; minimum rod size, ⅜ inch.
NPS 2:  Maximum span, 13 feet; minimum rod size, ⅜ inch.
NPS 2½:  Maximum span, 14 feet; minimum rod size, ⅜ inch.
NPS 3:  Maximum span, 15 feet; minimum rod size, ⅜ inch.
NPS 4:  Maximum span, 17 feet; minimum rod size, ½ inch.
NPS 6:  Maximum span, 21 feet; minimum rod size, ½ inch.
NPS 8:  Maximum span, 24 feet; minimum rod size, ⅝ inch.
Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.
PIPE JOINT CONSTRUCTION
Refer to Division 23 Section "Common Work Results for HVAC" for joint construction requirements for threaded, welded, and flanged joints.
TERMINAL EQUIPMENT CONNECTIONS
Size for supply and return piping connections shall be same as for equipment connections.
Install traps and control valves in accessible locations close to connected equipment.
Install bypass piping with globe valve around control valve.  If multiple, parallel control valves are installed, only one bypass is required.
Install vacuum breaker downstream from control valve and bypass and close to coil inlet connection.
Install ports for pressure and temperature gages at coil inlet connections.
Install a drip leg at coil outlet.
FIELD QUALITY CONTROL
Prepare steam and condensate piping in accordance with ASME B31.9 and as follows:
Leave joints, including welds, uninsulated and exposed for examination during test.
Flush system with clean water.  Clean strainers.
Isolate equipment from piping.  If a valve is used to isolate equipment, it shall be capable of sealing against test pressure without damage to valve.  Install blinds in flanged joints to isolate equipment.
Install safety valve, set at a pressure no more than one-third higher than test pressure, to protect against damage by expanding liquid or other source of overpressure during test.
Procedures below are paraphrased from ASME B31.9.
Perform the following tests on steam and condensate piping:
Use ambient temperature water as a testing medium unless there is risk of damage due to freezing.  In the extremely unlikely event that freezing could be expected, delay testing until such time as the ambient conditions have warmed. 
While filling system, use vents installed at high points of system to release trapped air.  Use drip legs installed at low points for complete draining of liquid.
Subject piping system to hydrostatic test pressure at 150 psig or 1.3 times the design pressure, whichever is greater, for four hours with no decrease in pressure.  Isolate equipment subject to damage from test pressure.  Make no test against a service valve or meter.  Isolate from the system existing piping and new or existing equipment that may be damaged by test pressure.  Test only new piping unless instructed otherwise.  Final connection between new and existing piping shall be tested at normal system operating pressures and monitored for leaks for three working days.  Verify that stress due to pressure at bottom of vertical runs does not exceed either 90 percent of specified minimum yield strength or 1.7 times "SE" value in Appendix A of ASME B31.9, "Building Services Piping."
After hydrostatic test pressure has been applied, examine piping, joints, and connections for leakage throughout the testing period.  Eliminate leaks by tightening, repairing, or replacing components, and repeat hydrostatic test until there are no leaks.
Prepare written report of testing.
ADJUSTING
Adjust regulating valves to specified pressure at operating conditions. Simulate operating conditions as necessary by running connected equipment at design capacity. Record number of turns or by other means the position of the regulating valve adjustment mechanism. Note the records in the as-built documents and mark on valve tag. 
CLEANING
Cleaning of Piping (Pre-Erection) Thoroughly clean each section of pipe, fittings, and valves of foreign matter before erection as follows: hold each piece of pipe in an inclined position and thoroughly tap along its full length to loosen sand, mill scale and other foreign matter. To the maximum extent possible, visually examine the inside of the pipe for foreign material and remove as necessary. Regardless of any other cleaning method used, pipe 2 inches and larger shall have a wire brush of a diameter larger than that of the inside of the pipe drawn through its entire length several times.  Before final connections are made to apparatus, wash out the interior of piping thoroughly with water.  Plug or cap open ends of mains during shutdown periods.  Do not leave lines open at any place where any foreign matter might accidentally enter pipe.
Consult with University regarding cleaning method to be used on each job. When required, boil out shall generally follow the procedure below. Work closely with the University throughout the process
Provide 48 hours prior notification of the time for boil-out.  University’s Representative shall witness the process.
Internal surfaces shall be cleaned using the following "boil-out" process.
Step One - Flush: Flush piping with clean water to remove loose material.  Discharge the water in a location away from electrical service boxes and where no damage will occur.  Repetitive flushing shall remove traces of grease, oil, dirt, loose scale, metal particles, welding slag, etc.
Step Two - Boil Out: Thoroughly dissolve Caustic High pH Boil-Out Cleaner using 25 pounds for each 1000 gallons of system water in the piping and equipment.  Fill the system piping/equipment with clean water and the cleaning solution.  Circulate the system water at a minimum velocity of 0.5 feet/second, and heat until the solution in the entire system is between 160°F and 180°F.  Maintain the temperature level between these limits and continue circulation at no less than 0.5 feet/second for a minimum of 24 hours.
Step Three - Drain: Thoroughly drain the system including equipment.
Step Four - Flush: Fill the system piping and equipment with clean water and flush, then thoroughly drain and repeat until the pH of drained flush water is below eight.
Drain the system and seal tight until placing steam system into service. 
Provide a temporary boiler (or other suitable heat source), circulating pump(s), valves, etc., and required materials and labor to complete the internal cleaning.
END OF SECTION
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