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HIGH TEMPERATURE WATER SYSTEM
GENERAL
SUMMARY
Section includes High Temperature Water (HTW) piping, fitting, valves, control valves, and specialties for systems up to 400 psig, and 450°F and welding procedures for high temperature water piping.  Work on the HTW system is subject to ASME B31.1 Power Piping. Other ASME Piping Codes do not apply. The materials, applications, and procedures herein have been developed over more than 50 years of operational experience with the system.  
Products included:
Valves – gate, globe, and check. 
Pipe and fittings.
Strainers.
Pressure gauges and thermometers.
Expansion joints.
Welding materials.
Control valves.
Over-temperature safety devices.
SYSTEM DESCRIPTION
HTW piping at the campus is a two-pipe, pumped flow, closed loop system generated at the Central Plant, routed to the building mechanical rooms, and provides heating water, local steam generation, domestic hot water, and industrial hot water through heat exchanger(s). Work may include furnishing, installing, and testing of high temperature water piping inside building(s), inside pipe trenches, inside the walking utility corridor (a.k.a. “tunnel”), and directly buried HTW piping, together with all fittings and appurtenances necessary for a complete and operable system.  The Work includes modifications and HTW system connections to the existing HTW piping.
Section covers the welding of pressure piping systems.  Develop procedures for welding metals included in the work.  Welding shall not be started until welding procedures, welders, and welding operators have been qualified.  An approved testing laboratory shall perform qualification testing.  Maintain current records of the test results obtained in the welding procedure, welding operator, welder performance qualifications, and nondestructive examination (NDE) procedures readily available at the site for examination.  The procedures for making transition welds between different materials or between plates or pipes of different wall thicknesses shall be qualified.  ASME B31.1 requirements for branch connections may be used in lieu of detailed designs.  Unless otherwise specified, the choice of welding process is the responsibility of the Contractor.
PERFORMANCE REQUIREMENTS
Seismic requirements shall comply with the 2016 California Building Code.
Seismic-Restraint Loading: (to be confirmed for each building)
Site Class as Defined in the CBC:  D.
Most building on campus are group II, building with 300+ occupants in a space are group III as well as police, fire and other essential buildings.
Assigned Seismic Use Group or Building Category as Defined in the CBC:  II.
Component Importance Factor:  1.0.
Component Response Modification Factor:  see ap in table below.
Component Amplification Factor:  see Rp in table below.
	Distribution Systems
	ap
	Rp 

	Piping in accordance with ASME B31, including in-line components with joints made by welding or brazing.
	2.5
	12

	Piping in accordance with ASME B31, including in-line components, constructed of high- or limited-deformability materials, with joints made by threading, bonding, compression couplings, or grooved couplings. 
	2.5
	6


Design Spectral Response Acceleration at Short Periods (0.2 Second): 1.057 g.
Design Spectral Response Acceleration at 1.0-Second Period: 0.579 g.
ACTION SUBMITTALS
Product Data:  Complete for each type of pipe, valve, piping accessory, instrument, and instrument accessory indicated. Include material quality requirements and traceability requirements in accordance with ASME B31.1.  Include each product’s country of origin.
Submit the manufacturers’ recommended material list for the valves, packing, and gaskets with certification that meet the system design pressure at the maximum operating temperatures ant the service specified herein.
Flow Diagram: Detail piping schematic indicating components and accessories such as heat exchanger, valves, anchors, equipment supports, connection methods, flanges, strainers, fittings, and expansion joints. Diagram shall reflect proposed system, providing a system overview allowing the viewer to quickly understand the system. Identify components to be factory pre-fabricated, and items to be field installed. Show piping and accessory sizes, and heat transfer calculations.
Proposed connection points: Show piping connection to existing piping.
Proposed flow data: Indicate flow rates, temperatures, piping pressure drops, equipment pressure drops, accessory pressure drops, and heat transfer capacities.
Valves: Show system shut-off valves at piping mains and at equipment, by-pass valve, control valve, and safety relief valve. Indicate critical valve positions.
Instrumentation: Indicate location of temperature and pressure sensors and control devices.
Over temperature safety devices: Show location of temperature sensors and solenoid shut off valve(s) for the compressed air lines. 
Delegated-Design Submittal for Thermal Expansion Control: Detail sketches, calculations, expansion system product selection, anchorage design, and expansion control method. 
In accordance with ASME B31.1, the beneficial effect of judicious cold springing in assisting a system to attain its most favorable position sooner is recognized. Inasmuch as the life of the system under cyclic conditions depends on the stress range instead of the stress level at any one time, no credit for cold spring is allowed with regard to stresses. In calculating end thrusts and moments acting on equipment, the actual reactions at any one time, instead of their range, are significant. Credit for cold springing is accordingly allowed in the calculation of thrusts and moments, provided an effective method of obtaining the designed cold spring is specified and used.
Stress Range Reduction Factors in accordance with ASME B31.1: 
Piping from the main lines to the buildings is subject to twice-daily full temperature swings. Design for a 75-year life (approximately 55,000 cycles). Branch piping is piping not located in the original utility corridors (“tunnels”). 
Main line piping is subject partial full temperature swings (25% of range) daily. Main line piping is the 10-inch and 8-inch lines in the original utility tunnels. 
Piping inside the Central Plant is subject to full temperature swings about 6 times per year. Piping inside the Central Plant is subject to partial temperature swings (25%) or range daily. Piping inside the Central Plant shall be designed for a 100-year life. 
Based on the criteria given herein and using A106B carbon steel piping, the maximum allowable stress from thermal expansion (cyclic loading) in any piping component is 17,000 psi (17.0 ksi), unless a lower limit is required. 
This maximum allowable stress is considerably less than might be calculated in accordance with other ASME piping codes. This reflects the extremely long life and durability required for this district energy system and its components. 
The entire original system was designed to an even more conservative standard and it is entirely possible to design to the standards listed. 
[bookmark: OLE_LINK1]Shop Drawings:  Floor plans and elevations of complete piping installation to show support locations, fittings, dimensions, piping materials, anchors, welding procedures to be followed, alignment guides, and expansion joints and loops.  Detail piping installation assemblies and fabrication of pipe anchors, hangers, special pipe support assemblies, alignment guides, and expansion joints and loops and their attachment to the building structure.  Include dimensions, weights, loadings, and required clearances, methods of field assembly, components, and location and size of each field connection.
Detail drawings shall show location, length, and type of welds; and indicating preheating and post weld heat treatment and NDE as required.  Symbols shall be in accordance with AWS A2.4.
Connections to piping for thrust restraints, hangers, supports, and the like without doubling plates, turtle backs, or other reinforcement is prohibited. See Campus Standard details for acceptable examples. Submit details for such connections.
Coordination and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved or mechanical, electrical, and any other products with the vicinity:
Equipment and the maintenance clearance required.
Control valve.
Manually operated valves.
Strainers and blow down piping. 
Expansion compensation.
INFORMATIONAL SUBMITTALS
Certificates:  Welding Certificates applicable to the material being joined.
Welding Qualifications:  Welder and welding operator performance qualification certificates.  Welding inspectors and NDE personnel certificates.  Qualifications of testing laboratory or the Contractor's quality assurance organization. Perform welding in accordance with qualified procedures using qualified welders and welding operators
Welding Operations: Detailed procedures that define methods of compliance to contract drawings and specifications.  Inspection and material procurement records.  System and material testing and certification records.  Written records and drawings indicating location of welds made by each welder or welding operator.
Field Quality-Control 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.
Radiographic original x-rays. 
CLOSEOUT SUBMITTALS
Operation and Maintenance Data: For HTW systems to include in emergency-operation, and normal operation and maintenance manuals.
QUALITY ASSURANCE
Welding:  Qualify processes and operators in accordance with the ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications."
ASME Compliance:  Comply with ASME B31.1, "Power Piping," for materials, products, and installation.  Safety relief valves and pressure vessels shall bear the appropriate ASME label.  
Welding Certification
Each welder shall have passed a qualification test within the past 12 months.  The test shall be in accordance with the ASME Boiler and Pressure Vessel Code, Section IX, “Welding Qualifications,”
The test report shall certify that the welder is qualified to weld the material to be used at the job site.
Submit copies of each welder’s qualification test report for approval prior to commencing the work.  No welder shall be used on the project until so certified.
Welding Procedures Qualification: Record in detail and qualify the Welding Procedure Specifications for every welding procedure proposed.  Qualification for each welding procedure shall conform to the requirements of ASME B31.1 and to this specification.  The welding procedures shall specify end preparation for butt welds, and full-penetration welds including cleaning, alignment, and root openings.  Preheat, interpass temperature control, and post heat treatment of welds shall be as required or specified.  Backing rings are prohibited.  Welding procedures shall be identified individually and shall be referenced on the detail drawings.
Welder and Welding Operator Performance: Each welder and welding operator assigned to work shall be qualified in accordance with ASME B31.1.
Identification:  Each welder or welding operator shall be assigned an identifying number, letters, or symbol that shall be used to identify their welds.
Inspector Certification: Welding inspectors shall be qualified in accordance with AWS QC1.
NDE Personnel: NDE personnel shall be certified, and a written procedure for the control and administration of NDE personnel training, examination, and certification shall be established.  The procedures shall be based on appropriate specific and general guidelines of training and experience recommended by ASNT-01. 
Seismic-restraint devices shall have horizontal and vertical load testing and analysis performed in accordance with CBC or shall bear anchorage pre-approval "OPA" number, from OSHPD or another agency acceptable to University’s Representative, showing maximum seismic-restraint ratings.  Ratings based on independent testing are preferred to ratings based on calculations.  If pre-approved ratings are not available, submittals based on independent testing are preferred.  Calculations (including combining shear and tensile loads) to support seismic-restraint designs must be signed and sealed by a qualified California registered professional engineer.  Testing and calculations must include both shear and tensile loads and one test or analysis at 45 degrees to the weakest node.
Structural Review:  Piping system vertical loads, seismic loads, and thermal expansion loads applied to building structures and structural components shall be reviewed, analyzed, and approved by the project structural engineer of record.  
Provide quality joint preparation, welding, and examination.  Materials used in the welding operations shall be clearly identified and recorded.  The inspection and testing defined in this specification are minimum requirements.  Additional inspection and testing shall be the responsibility of the Contractor when he deems it necessary to achieve the quality required.
Structural Seismic Performance:  Refer to Division 23 Section “Vibration and Seismic Controls for HVAC.” 
COORDINATION
Coordinate layout and installation of high temperature water piping and suspension system components with other construction, including, and not limited to, light fixtures, hydronic piping, fire-suppression-system components, and partition assemblies.
Coordinate pipe sleeve installation or coring for foundation wall penetrations.
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 coring for penetrations through exterior walls and floor assemblies.  
Coordinate with requirements for firestopping specified in Division 07 Section "Penetration Firestopping" for new and existing fire and smoke wall and floor assemblies.
Coordinate required modifications to utility tunnel walls for new HTW tunnel connections.
DELIVERY, STORAGE AND HANDLING
Filler metals, electrodes, fluxes, and other welding materials shall be delivered to the site in manufacturers' original packages and stored in a dry space until used.
Material Control: Materials shall be stored in a controlled access and clean, dry area that is weathertight and is maintained at a temperature recommended by the manufacturer.  The materials shall not be in contact with the floor and shall be stored on wooden pallets or cribbing.
SYMBOLS
Symbols shall be in accordance with AWS A2.4.
SAFETY
Safety precautions shall conform to ANSI Z49.1.
PRODUCTS
MANUFACTURERS 
Materials shall be manufactured in the North American Free Trade area, the European Union, Australia, Japan, New Zealand, or Great Britain. 
Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers specified.
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.
FORGED STEEL VALVES (½ to 2-inch NPS)
NPS-¼ valves are prohibited for any use. 
Manufacturers:
Bonney Forge Corporation
Velan Valve Corporation
Walworth
Vogt
Or equal
Gate Valves: 
Bolted Bonnet:
API 602 - ASME B16.34 - BS 5352, 
Class 800 or greater
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
Integral Flanged Ends to ASME B16.5 
Full port (reduced port with written approval by University)
Welded Bonnet:
API 602 - ASME B16.34 - BS 5352, 
Class 800 or greater
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 (Straight, Angle, or Wye-pattern):
Bolted Bonnet:
ASME B16.34 - BS 5352, 
Class 800 or greater
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
Integral Flanged Ends  to ASME B16.5
Reduced port
Welded Bonnet:
ASME B16.34 - BS 5352
Class 800 or greater
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: the only check valves in the HTW system are in the Central Plant at the circulating pumps: 
Bolted Bonnet:
ASME B16.34 - BS 5352
Class 800 or greater
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
Integral Flanged Ends to ASME B16.5
Full port
CAST STEEL VALVES (2½-inch NPS and larger)
Manufacturers:
Bonney Forge Corporation.
Crane Co.
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 hand wheel, removable yoke sleeve.
Pressure Rating:  Class 300.
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 at UCI in this size range. Consult with University prior to submitting valves in this size. 
Check Valves (the only check valves in the HTW system are in the Central Plant at the circulating pumps): 
API 600 cast steel, swing type disc.
Pressure Rating: Class 300.
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.
PIPE AND FITTINGS
Prohibited for use in HTW systems:
piping NPS ¼ and ⅜
half-couplings or other non-reinforced outlets
slip on flanges, 
socket weld flanges, 
lap-joint flanges, 
threaded flanges, 
bushings, 
reducing couplings, 
street elbows, and
welding backing rings 
Pipe NPS ½ and NPS ¾: Corrosion-resistant, seamless, stainless steel pipe (ASTM A312 Type 316 or 316H stainless steel) Schedule-80. For use in connections to pressure gauges, bypass lines (where indicated). Not to be directly connected to the main. 
Tubing: Instrument grade stainless steel tubing for use in connecting remotely mounted gauges. Provide double-ferrule fittings (Swagelok® or equal). Use one fitting manufacturer for entire job and do not mix. Provide ½ x 0.049 inch tubing and straight adaptors. Install using tube fitting manufacturer’s guide to installations. Minimize fittings and make changes of direction with bends. Join not more 270° of total bends with straight connectors. Support tubing as required. 
Carbon Steel Pipe, NPS 1, NPS 1¼, NPS 1½, and NPS 2: ASTM A106, Type S (seamless), Grade B, Schedule 80
Carbon Steel Pipe, NPS 2½ to 30:  ASTM A106, Type S (seamless), Grade B, Schedule 40 or schedule 80 as required for the location as specified herein
Stainless Steel Pipe NPS 1 to NPS 8: ASTM A312, Type S (seamless), Type 316, schedule 40 or schedule 80 as required for the location as specified herein
Swaged nipples: Seamless carbon steel, schedule 80 or seamless type 316 or 316H stainless steel
Forged Steel Fittings, NPS 2, and Smaller:  socket weld, or threaded forged black steel meeting ASTM A105, Grade II, and ASME B16.11 3000 pound Class. Fittings shall be compatible in thickness with the piping being used and shall conform to ASME B31.1.
Seamless Steel Fittings, NPS 2, and smaller: long-radius forged-steel with butt-weld ends  meeting ASTM A234, ASME B16.9, ASA B10, Grade B, Schedule 80
Seamless Steel Fittings, NPS 2½, and Larger:  long-radius forged-steel with butt-weld ends meeting ASTM A234, ASME B16.9, ASA B10, Grade B Schedule 40.
Forged Steel Flanges, NPS 1, and Larger: weld neck forged steel meeting ASTM A234, ASME B16.9, ASA B10, Grade B Schedule 40, raised face, Class 300.
Stainless Steel Flanges and Fittings, NPS 1 to NPS8: ASTM A182A, Type 316 chemically and metallurgical compatible with the pipe. In accordance with ASME B31.1, may not be used on boiler external piping, as defined. 
Hardware: Bolts, studs, and nuts shall be alloy steel (Chromium-Molybdenum), ASTM 193 Grade B7, and ASTM A194 Grade 2H.
Unions: Socket weld or, where directed, threaded forged steel, with steel to steel seats, ASTM A105 Grade II, Class 300, as manufactured by Henry Vogt Machine Co., or equal. 
Gaskets: Conform to ASME B16.20 Class 300, Spiral wound type-304L stainless steel flexible graphite or PTFE Filled, with centering guide and inner ring, Style CGI or LSI by Flexitallic or equal.
Sealant:  Threaded joints for pipe, gauges, thermometers, or sensors shall use heavy-duty premium grade, non-hardening pipe thread sealant suitable for use up to 450°F. 
Branch Connections: Manufactured forged carbon steel fittings ASTM A105/SA105, such as Weldolet®, Sockolet®, Sweepolet®, Nipolet®, Elbolet®, or Latrolet®, by Bonney Forge, or equal.
STRAINERS
Sizes NPS 1½-inch and Smaller:  ASME Class 600 Y-type with screwed or socket weld ends, cast carbon or alloy steel body, stainless steel screen with 0.062-inch perforated openings, bolted cap with bolts and studs conforming to ASTM A193, Grade B7, and nuts conforming to ASTM A194, Grade 2H, with spiral wound cap gasket, as manufactured by Mueller Steam Specialties Figure 861BC, or 862BC, or equal.
Sizes NPS 2-inch and larger:  ASME Class 300 Y-type with flanged ends, cast carbon or alloy steel body, heavy gauge reinforced stainless steel screen with 0.062-inch perforated openings, bolted retainer plate, socket weld or threaded drain connection, bolts and studs conforming to ASTM A193, Grade B7, and nuts conforming to ASTM A194, Grade 2H, gasket 316 stainless spiral wound as manufactured by Mueller Steam Specialties Figure 782, or equal.
PRESSURE GAUGES AND THERMOMETERS
Pressure Gauge: Industrial quality stress relieved bourdon or spiral tube type, non-liquid filled, 316 stainless steel movement, welded joints, ½-inch socket and tip, ASME B40.1 Grade 2A with accuracy rated at ±½% of full range, flush or surface mount aluminum case with black finish. 2½ to 6-inch dial with laminated plastic, or metallic surface, black figures, micrometer adjustable points, 0-500 or 0-600 psig range, with screwed bezel retaining the glass cover complete with rigid mounting brackets.   Accessories: ½-inch gauge syphon, and forged steel globe valve. Bar stock valves are prohibited.  Gauge manufacturers shall be 3D Instruments, Ashcroft, Reotemp, Trerice, Weiss, WIKA, or equal.
Thermometer: Industrial grade bimetallic type adjustable angle, Stainless Steel case, ring, stem and connection with accuracy of  ±1% of full range, Provide with tapered stainless steel thermometer well rated at 4,000 psig machined to provide maximum contact with the stem, and 2½-inch minimum extension length, or as required to clear HTW piping insulation. ¾-inch or 1-inch 316 stainless steel socket, and separable union type socket connection, universal angle, 3½ to 5-inch dial, 100-500°F range with 5°F increment black scale on white or silver background, and front glass cover. Thermometers shall be mercury free, and rated for up to 500°F.  Manufacturers shall be 3D Instruments, Ashcroft, Reotemp, Trerice, Weiss, WIKA, or equal. Select and size thermometer and thermometer wells to conform to Campus Standard details. 
EXPANSION COMPENSATION
Formed pipe bends for expansion compensation and changes in direction: ASTM A106 piping bent to radiuses not less than 3 times nominal pipe diameter and meeting the requirements for wall thickness in ASME B31.1. Consult with University for applications. Pipe bends and loops shall be of one continuous piece of pipe, welded at each end. U-bends, Omega-bends, Z-bends, and similar traditional bends may be employed for expansion compensation provided they coordinate with other piping and materials installed and do not interfere with operation and maintenance activities. Extremely large bends employed in 6 and 8 NPS direct-buried applications may be fabricated in 2 pieces for ease of shipment.
Flexible Hose Expansion Joint (For use at branch piping to individual buildings only):   Socket weld forged black steel meeting ASTM A105, Grade II, and ASME B16.11 3000 pound Class for NPS 2 and smaller.  For NPS 2½ and larger butt-welded seamless black steel both physically and chemically equal to pipe end being joined.  Stainless steel corrugated-metal inner hoses, and double-braided outer sheaths with 600-psig rating at 400°F.
Manufacturers:
Flex-Hose Co., Inc.
Flexicraft Industries.
Metraflex, Inc.
Or equal.
Flexible-Hose Expansion Assembly (For use at branch piping to individual buildings only): Socket weld forged black steel meeting ASTM A105, Grade II, and ASME B16.11 3000 pound Class for NPS 2 and smaller.  For NPS 2½ and larger butt-welded seamless black steel both physically and chemically equal to pipe end being joined.  Manufactured assembly with two flexible-metal-hose legs joined by long-radius, 180-degree return bend or center section of flexible hose; with inlet and outlet elbow fittings, stainless steel corrugated-metal inner hoses, and double-braided outer sheaths with 600 psig rating at 400°F.  Design Basis:  Flex Hose Company – Tri-flex loop.
Manufacturers:
Flex-Hose Co., Inc.
Flexicraft Industries.
Metraflex, Inc.
Or equal.
Packed Slip Expansion Joints:  ASTM F1007, carbon-steel, packing type designed for repacking under pressure and pressure rated for 600 psig at 400°F minimum.  Include asbestos-free packing, packing insertion valves, and compound limit stops.
Manufacturers:
Hyspan Precision Products, Inc.
Yarway Corporation.
Ebba Iron Sales
Or equal.
Configuration:  Single- and double -joint class with base, unless otherwise indicated.
End Connections:  Flanged or weld ends to match piping system.
For carbon steel applications:  2-mil hard chrome plate on seamless steel conforming to ASTM B650.
Joints shall be designed for packing injection while under full line pressure.
Guide spacing shall be per manufacturer’s recommendations, and shall not exceed 5 feet from joint on NPS 4 and larger; on pipes NPS 3½ and smaller, spacing shall not exceed a distance of 2 feet from the joint. Fabricate and install supports as needed to properly support these pipe guides, which are crucial to proper operation of the expansion joint.
WELDING MATERIALS
Welding materials shall comply with ASME-04.  Welding equipment, electrodes, welding wire, and fluxes shall be capable of producing satisfactory welds when used by a qualified welder or welding operator using qualified welding procedures. Submit all welding procedures and welder qualifications to the University’s Representative. 
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.
CONTROL VALVES
HTW control valves are a special installation requiring more than ordinary care in selection, and installation. Close coordination with the University is required to achieve a successful installation. In general, globe, angle, and characterized-ball valves shall be industrial-quality having the following characteristics:
Rating:  Class 300 for service at 400 psig and 400°F operating conditions 
Body Material: Cast steel, forged steel, or stainless steel valve body and flanges
End Connection Style: ASME/ANSI B16.5 Class 300 raised-face flanges or threaded for 1-inch, ¾-inch, and ½-inch control valves, where indicated. 
Internal Construction:  Replaceable plugs, or balls and seats
Single-seated valves (minimum material characteristics and quality): 
Valve plug and seat ring 416 Stainless Steel Hardened 
Valve Stem: 316 Stainless steel 
Seat ring retainer: 17-4 PH Stainless Steel 
Guide Bushing: 17-4 PH stainless steel 
Packing shall be live-loaded with PTFE-impregnated, PTFE packing. Packing follower shall be stainless steel.  
Characterized-ball control valves: Ball 317 Stainless steel chromium plated. Seal shall be compatible with shut off requirements. Packing follower shall be stainless steel. Provide PTFE-impregnated, or PTFE packing. Provide live-loaded packing. 
Sizing:  Typically, select using 25 psi across the control valve and any reducing fittings. Determine valve size based on return water temperature from the heat exchanger to which they are attached. Match the mass flow (pounds per hour) of the heat exchanger, as there is considerable difference in density between the inlet and outlet conditions of typical applications (10% at 365/190). Do not base valve size selection on the material design conditions shown above.  Where exceptionally longer runs from the HTW mains occur, or when heat exchangers with high pressure drop are used, calculate pressure drop available at the HTW control valve and confirm with the University prior to selection. Experience has shown these to be rare instances and valves are often oversized leading to poor control and replacement with smaller valves. 
Generally, globe and angle valves are successful up to NPS 2.
Characterized-ball control valves may be used from NPS 1 and up. 
Consult with the University for any HTW control valve larger than NPS 1½. For example, a 1½ Fisher EZ valve, with full-size equal percentage port, will pass about 120 gpm of HTW or more than 10,000,000 Btu per hour at normal 365/190°F inlet and outlet water temperatures. That is approximately 10% of the Central Plant’s nominal capacity. 
Valve bodies will almost never be line size. Use swaged nipples to change line sizes with threaded valves and similar efficient reducers and increasers for flanged valve bodies
Reduced-port valves (e.g. Fisher Micro-form) are acceptable and have proven successful in replacement applications mentioned above 
Provide one control valve per piece of equipment. Multiple parallel valve arrangements (e.g. ⅓ & ⅔) serving a single piece of equipment are prohibited.
Flow Characteristics: HTW valves shall have equal or approximately equal percentage characteristics. Globe and angle valves shall be selected so that they are flow-to-open. Characterized-port ball valves shall be selected and installed with flow against the convex side of the ball for maximum shut off rating.
Provide two-way valves. Three-way valves are prohibited.
Actuators: Electric actuators are prohibited. Pneumatic actuators shall: fail closed; close valves against 400 psig minimum; and be direct acting (increase in air pressure opens the valve and loss of air pressure closes the valve).  Where specified, electro-pneumatic positioners shall have factory installed “I to P” signal converters and actual “%” position indicators; repeatable accuracy of +0.5% of full scale (including hysteresis), use a 4-20 mA signal, and have two alarm function input signals. 
Nominal valve turn down shall be not less than 100:1.
Leakage:  Seat leakage shall conform to ANSI/FCI 70-2 Class V or Warren Class IV+.
Close off:  Valve shall be capable of 400 psig close-off and a 5 second closure stroke-cycle upon loss of compressed air by spring return.
Air Pressure: Normally, the operating air pressure range shall be 3 to 15 psig. Other pressure ranges may be specified with approval of the University. In particular, it may be necessary to increase operating air pressure to reduce actuator size.  
Accessories: Provide a filter-regulator mounted to the actuator to reduce main air pressure to the requirements of the HTW actuator and positioner. Provide main, reduced, and output pressure gauges.
Actuators: Diaphragm or Cylinder type.
Packing Gland: Spring loaded or other low leakage method approved by University.
Manufacturers: 
Control Pro, Inc.
Fisher, 
Masoneilan, 
Nihon KOSO Co., LTD, 
Samson Controls, 
Warren Controls
Valtek,
Or equal.
OVER-TEMPERATURE SAFETY DEVICES
All heat exchangers have electro-mechanical over temperature safety systems. Storage tank systems for industrial and domestic water have separate descriptions that amplify and modify these basic provisions. No heat exchanger shall be started without safety devices installed, tested, and functioning.
Provide line voltage high limit temperature switch with sensor mounted in outlet of the heat exchanger.  Unit may be remote mounted with temperature bulb, if the well for the bulb meets campus requirements for material. Install sensor in accordance with campus standard details. Temperature switch shall be adjustable and manually reset. Provide local indicator light and contact for building automation connection to indicate alarm condition.
Provide independent 3-way, normally closed solenoid valve to shut off and bleed off compressed air to the control valve in the event of over temperature. Connect this to the temperature switch. Set point of this over temperature safety shall be 200°F. 
EXECUTION
HTW PIPING APPLICATIONS
Above ground:
HTW Piping, NPS 2, and Smaller:  Schedule 80 steel pipe, with welded fittings, long radius elbows. Raised face flanges are required. Where approved by the University, threaded fittings may be used. 
HTW Piping, NPS 2½, and larger:  Schedule 40 steel pipe, with butt-weld fittings, long radius elbows.  Raised face flanges are required.
Below ground:
HTW Piping, All Sizes: Schedule 80 seamless steel pipe with welded fittings
HTW Piping, NPS 8 and smaller Schedule 80 seamless stainless steel with welded fittings (used for directly buried piping applications where highly corrosive soils have been encountered)
Refer to Division 23 Section "Common Work Results for HVAC" for basic piping installation requirements.
Piping Installation Requirements:
Fabrication and assembly shall conform to ASME B31.1 for high temperature water system piping.  Piping shall follow the general arrangement shown; cut accurately to measurements established for the Work, and placed without springing or forcing, except where cold springing is specified.
Field Verification: Become familiar with details of the Work, verify dimensions in the field, and verify the piping operating temperature, pressure, and service of the heating distribution system.  Notify the University’s Representative of any discrepancy within 3 days and before performing any Work.
Arrange Work in a neat and orderly manner so that minimum storage of equipment and material is required at the project site.  Parts shall be readily accessible for inspection, repair, and renewal.  Protect material and equipment from the weather.
Keep piping clear of hatch location in vaults.
Install piping to be insulated with sufficient clearance to permit application of insulation.
Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
Mitering of pipe to form elbows, notching straight runs to form full sized tees, or similar construction is prohibited.
Make size changes using weld-end reducing fittings, weld-end swaged nipples, or (where directed by the University) thread-end swaged nipples. Reducing couplings and bushings are prohibited. 
Pipe not otherwise specified shall be uncoated.
Provide sleeves where pipes pass through masonry or concrete walls. Sleeves in outside walls below and above grade, shall be steel pipe, Schedule 80.  Space between the outer protective cover over the insulated pipe and the sleeve shall be not less than ½ inch.  Hold sleeves securely in proper position and location before and during construction.  Sleeves shall be of sufficient length to pass through entire thickness of walls, partitions, or slabs.  Firmly pack space between the insulated pipe and the sleeve and caulk on both ends of the sleeve with elastic cement. Submit details of installation plan for the particular location. 
Connections to piping for thrust restraints, hangers, supports, and the like without doubling plates, turtle backs, or other reinforcement is prohibited. See campus standard details for an acceptable example. Submit details for such connections.
VALVE AND ACCESSORY APPLICATIONS
General-Duty Valve Applications:  Use the following valve types:
Shutoff Duty NPS 2 and smaller:  Gate valves (welded bonnet unless bolted is specified). Angle valves may be used where they may be used to advantage in accessibility or service. Consult with the University in these cases.
Shutoff Duty NPS 2½ and larger: Gate Valves (bolted bonnet). Angle valves may be used where space constraints may indicate their use. Consult with the University in these cases.
Throttling Duty NPS 2 and smaller:  Globe valves (welded bonnet unless bolted bonnet is specified).
Throttling Duty 2½-inch and larger: Generally not used. Consult with University.
Vents: ½-inch, ¾-inch, or 1-inch Wye-pattern globe (welded bonnet unless bolted bonnet is specified) or Welded-bonnet Gate with threaded outlet ends.
Drains: 1-inch on 3-inch and smaller lines and 1½-inch on 4-inch and larger lines.  Bolted bonnet Gate Valve with welded upstream and threaded downstream ends. Bolted bonnet allows in-situ disassembly for cleaning. Threaded end allows for connecting temporary drain lines during maintenance outages. 
Install shut-off-duty valves at each branch connection to supply mains, point of connection to existing, building entrance, at inlet connection to each heat exchanger, and elsewhere as indicated.
Valve and Accessory Installation Requirements:
Install valves in conformance with ASME B31.1 and as required herein at the locations indicated. Install valves with stems horizontal or above.  Locate or equip stop valves to permit operation from floor level, or provide with safe access in the form of walkways or ladders.  Install valves in positions accessible for operation and repair.
Arrange connections to heat exchangers such that adequate clearance is provided for pulling tubes and maintenance without requiring breaking of pipe other than the two pipe flanges at the bonnet.
Install strainers on the inlet side of control valves.  Strainers are to be full pipe size with directional arrow on body and where pipe size reductions occur, the strainer shall be the same size as the large end of the reducer.  
Install swaged reducers, other gradual transition for control valves. 
Install control valves on the outlet side of the heat exchangers. 
Provide drain valves with nipple and cap at low points of piping systems.
Provide air chambers and manual air vent valves at high points in the HTW system.  Provide a ½-inch vent line from each air vent to the nearest drain.  Provide vents with two valves. The second valve shall be threaded for easy removal and replacement with the first valve closed. 
Provide a thermometer and pressure gauge, as specified herein, on both the high temperature water supply and return piping located on the heat exchanger side of the isolation valves.
Minimum connection size to high temperature water piping is NPS 1.  Provide 1 x ½, schedule 80 threaded, forged steel or stainless steel, reducing nipple to Gauge root valve and reduce to NPS ½ for connection to the gauge.  This provides improved mechanical strength at the point of connection to the HTW system. See Campus Standard details. Install ½-inch and ¾-inch vent valves in the same way. 
Exercise newly installed valves from open to closed position not less than five times while thoroughly lubricating working parts using provided fittings and brushed-on lubricant compatible with 400°F temperatures as needed to achieve smooth and easy operation. Remove shipping covers over valve stems prior to this activity.
Check alignment, tightness, and proper installation of packing glands.
Where directed by the University, provide 1-inch, three-valve warm up bypass around HTW valves. Three-valve bypass shall consist of two 1-inch gate valves, and one ¾-inch globe valve combined with swaged nipples, elbows, and other fittings.  This arrangement will allow about 20 gpm through the wide-open globe valve, which is more than sufficient for any warm-up operation. 
WELDING PROCEDURES
HTW Piping Welds: Do not deviate from applicable codes, approved procedures, and approved shop drawings without prior written approval from the University’s Representative.  Materials or components with welds made off the site will not be accepted if the welding does not conform to the requirements of this specification unless otherwise specified.  Assign each welder or welding operator an identifying number, letter, or symbol that shall be used to identify his welds.  Each welder or welding operator shall apply his mark adjacent to his weld using an approved rubber stamp or felt-tipped marker with permanent, weatherproof ink or other approved methods that do not deform the metal.  For seam welds, place identification marks adjacent to the welds at 3-foot intervals.  Confine identification by die stamps or electric etchers to the weld reinforcing crown, preferably in the finished crater.
HTW Piping Welding Procedure for Carbon Steel Pipe: 
Shielded metal arc process shall be used, using E6010 for the root and E7018 for the fill and cap.  End preparations shall conform to ASME and ASTM Standards.
Butt welds shall be complete penetration welds with a single vee groove and a bevel of 37½ degrees ±2½ degrees on each end to be joined.
Root openings shall be sufficient to ensure complete joint penetration.
Surfaces of at least 1-inch from both sides of the weld joint shall be free from paint, rust, scale, oil or any other material that may be detrimental to welding.
Internal misalignment shall not exceed 1/16-inch.
Use only one Welder for each joint.
Tack welds to remain in the finished weld shall be made by a qualified welder.
Tack welds shall be feathered in by grinding.
Tack welds that have cracked shall be removed.
Slip on flanges, lap joint flanges, and socket weld flanges are prohibited.
HTW Piping Welding Procedure for Stainless Steel Pipe: 
Gas shielded tungsten arc welding (GTAW) process shall be used.
Use 316 stainless filler with type 304, 304L, and type 316. Use 316L with 316L fittings and materials.
End preparations shall conform to ASME and ASTM Standards.
Butt welds shall be complete penetration welds with a single vee groove and a bevel of 37½ degrees ± 2½ degrees on each end to be joined.
Root openings shall be sufficient to ensure complete joint penetration.
Surfaces of at least 1-inch from both sides of the weld joint shall be free from paint, rust, scale, oil or any other material that may be detrimental to welding.
Internal misalignment shall not exceed 1/16-inch.
Use only one Welder for each joint.
Tack welds to remain in the finished weld shall be made by a qualified welder.
Tack welds shall be feathered in by grinding.
Tack welds that have cracked shall be removed.
Slip on flanges, lap joint flanges, and socket weld flanges are prohibited.
Other welding procedures for shop or field. Submit to University for approval. 
WELDING EXAMINATIONS, INSPECTIONS AND TESTING
Radiographic examination shall be provided as follows:
One hundred percent (100%) examination shall be performed on:
Full penetration welds that will be concealed within pipe trench between tunnel and building.
Full penetration welds at connection to existing piping in tunnel.
Full penetration welds in piping between new connection to existing up to and including new isolation valves.
Full penetration welds in buried piping.
Ten percent (10%) radiographic examination shall be performed on Full penetration welds in other locations.  If any welds fail, then an addition different ten percent of welds shall be x-rayed at the contractor’s expense.  This inspection process shall continue until welds x-rayed pass inspection.
Any rejected weld shall be repaired and re-examined at the contractor’s expense.
For any rejected weld, an additional weld shall be examined by radiography at the contractor’s expense.
Weldolet® and similar reinforced branch connections are designed to have full-penetration welds at the root. They are not fillet welds. Therefore, they shall be radiographically examined.
Visual and nondestructive examinations shall be included in the contract to detect surface and internal discontinuities in completed welds.  Employ the services of a qualified commercial inspection or testing laboratory or technical consultant approved by the University.  Visually examine welds. Radiographic examination shall be required in accordance with above paragraph.  When examination and testing indicates defects in a weld joint, a qualified welder shall repair the weld in accordance with the paragraph entitled "Welding Remediation and Repairs" of this Section.
[bookmark: QuickMark]When examining 10 percent of the total length or number of piping welds, randomly select the welds examined and include an examination of welds made by each welding operator or welder.  If random testing reveals that any weld fails to meet minimum quality requirements, examine an additional 10 percent of the welds in that same group.  If the additional welds examined meet the quality requirements, the entire group of welds represented shall be accepted and the defective welds shall be repaired.  If any of the additional welds examined also fail to meet the quality requirements, that entire group of welds shall be rejected.  Remove and repair rejected welds or examine rejected welds 100 percent and remove and repair defects. The minimum number of welds to be examined is 3 unless there are only 1 or 2 welds, which means all will be examined. 
Visually examine welds as follows:
Before welding -- for compliance with requirements for joint preparation, placement of backing rings or consumable inserts, alignment and fit-up, and cleanliness.
During welding -- for conformance to the qualified welding procedure.
After welding -- for cracks, contour and finish, bead reinforcement, undercutting, overlap, and size of fillet welds.
Nondestructive Examination shall be in accordance with written procedures.  Procedures for radiographic tests and methods shall conform to ASME BPVC SEC V.  The approved procedure shall be demonstrated to the satisfaction of the University’s Representative.  In addition to the information required in ASME BPVC SEC V, the written procedures shall include:
Timing of the nondestructive examination in relation to the welding operations.
Safety precautions.
Examinations and Tests by the University
In addition to the tests described above, the University may perform further tests of the welding. In the event that any welding so tested is found unacceptable in any way, it shall be corrected as specified at the Contractor’s expense and the cost of testing shall be borne by the Contractor. If the results of such additional tests reveal that the welding conforms to the specifications, the University will pay for the actual costs of the tests.
Although examinations and tests will generally be visual and nondestructive, destructive tests may be performed.  When destructive tests are made, qualified welders shall make repairs using welding procedures that will develop the full strength of the members cut.
Welding, and welding materials are subject to examination and tests in the mill, shop, and field.
WELDING ACCEPTANCE STANDARDS
Visual:  The following indications are unacceptable:
Surface of welds shall be sufficiently free from coarse ripples, grooves, overlaps, abrupt ridges, and valleys.
Cracks
Undercut on surface that is greater than 1/32-inch deep.
Weld reinforcement greater than 5/32 inch.
Lack of fusion on surface.
Incomplete penetration 
Convexity of fillet-weld surfaces greater than 10 percent of longest leg plus 0.03 inch.
Concavity in groove welds.
Concavity in fillet welds greater than 1/16 inch.
Fillet-weld sizes less than indicated or greater than 1¼ times the minimum indicated fillet leg length.
Radiography:  Welds that are shown by radiography to have any of the following discontinuities are unacceptable:
Porosity in excess of that shown as acceptable in the ASME-01, Appendix A-250.
Any type of crack or zone of incomplete fusion or penetration.
Any other elongated indication which has a length greater than:
¼-inch for “t” up to ¾-inch inclusive, where “t” is the thickness of the thinner portion of the weld.
(t/3) for “t” from ¾ inch to 2¼ inches, inclusive (e.g. 1½/3 = ½ inch)
¾ inch for “t” over 2¼ inches.
Any group of indications in line that have an aggregate length greater than “t” in a length of 12t, except where the distance between the successive indications exceeds 6L where L is the longest indication in the group.
Where “t” pertains to the thickness of the weld being examined; if a weld joins two members having different thickness at the weld, “t” is the thinner of these two thicknesses.
Because the wall thickness of piping in the University piping system does not exceed 0.75-inch, the t-value will be ¼-inch for all welds on the University campus. 
The University may perform any in-process inspection to ensure that the welds meet the requirements of ASME B31.1. This may include Magnetic Particle Testing, Continuous Visual Inspection, or other methods the University deems necessary. 
The Contractor is free to use any form of in-process nondestructive testing to help ensure that the welds conform to the standards of B31.1 and this specification, at the Contractor’s sole expense.  
WELDING REMEDIATION AND REPAIR
Defective Work:  Defects shall be removed and repaired as specified in ASME B31.1.  Disqualifying defects discovered between weld passes shall be repaired before additional weld material is deposited.  Wherever a defect is removed, and repair by welding is not required, the affected area shall be blended into the surrounding surface, eliminating sharp notches, crevices, or corners.  After defect removal is complete and before rewelding, the area shall be examined by the same test method that first revealed the defect to ensure that the defect has been eliminated.  After rewelding, the repaired area shall be reexamined by the same test method originally used for that area.  Any indication of a defect shall be regarded as a defect unless reevaluation by NDE or by surface conditioning shows that no disqualifying defects are present.  
Use of any foreign material to mask, fill in, seal, or otherwise disguise welding defects is prohibited. Such deceitful practices may be considered a material breach of the contract and subject the Contractor to termination in accordance with contract. 
HANGERS AND SUPPORTS
Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and Supports for HVAC."
Install the following pipe attachments:
Adjustable steel clevis hangers for individual horizontal piping less than 10 feet long.
Adjustable roller hangers and spring hangers for individual horizontal piping 10 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.
Refer to campus standard details. 
Support Installation Requirements:
The design and fabrication of pipe hangers, supports, and welding attachments shall conform to MSS SP-58 and ASME B31.1.  Hanger types and supports for bare and covered pipe shall conform to MSS SP-69 for the temperature range.  Horizontal and vertical piping attachments shall conform to MSS SP-58.
Determine movement of existing piping in tunnel and how new point of connection will affect it.  Provide a pipe anchor in the existing tunnel HTW supply and return piping at the point of connection.  Provide expansion joint in existing HTW supply and return piping between new anchor and existing anchor.  Work in existing piping must be done on the weekend during a University scheduled quarterly shut-down. Provide multiple anchors if required to achieve proper control.
Piping support must account for expansion and contraction, vibration, dead load of piping and its contents, and seismic bracing requirements.
Supports and anchors for piping must be detailed.  Provide supports in tunnel at maximum of 8’-0” on centers.
Pipe guides shall be provided at 10 to 15 pipe diameters and not more than 48 pipe diameters from expansion joint locations and at maximum of 24-foot intervals through pipe run, unless expansion joint manufacturer indicates reduced spacing. 
Anchor and support HTW piping while, at the same time, allowing expansion and movement without damage to piping, valves, and structures or connected equipment. 
Linear expansion of HTW piping is typically 3½ inches per 100 feet from cold to full operating temperature. Plan for expansion at worst case temperatures on both supply and return as it is possible to have the return pipe reach supply side temperatures through equipment running dry (this has happened many times over the campus history.). 
Anchor piping for proper direction of expansion and contraction.
Do not hang pipe from other piping.
Piping support and restraint systems shall be designed for seismic requirements complying with CBC requirements.
Install hangers with the following maximum spacing and minimum rod sizes:
NPS ¾:  Maximum span, 7 feet; minimum rod size, ¼ inch.
NPS 1:  Maximum span, 7 feet; minimum rod size, ¼ inch.
NPS 1½:  Maximum span, 8 feet; minimum rod size, ⅜ inch.
NPS 2:  Maximum span, 10 feet; minimum rod size, ⅜ inch.
NPS 2½:  Maximum span, 12 feet; minimum rod size, ⅜ inch.
NPS 3:  Maximum span, 12 feet; minimum rod size, ⅜ inch.
NPS 4:  Maximum span, 14 feet; minimum rod size, ½ inch.
NPS 6:  Maximum span, 17 feet; minimum rod size, ½ inch.
Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.
Welding of hangers, supports, and plates to structural members shall conform to AWS D1.1.
Connections to piping for thrust restraints, hangers, supports, and the like without doubling plats, turtle backs, or other reinforcement is prohibited. See campus standard details for an acceptable example. Submit details for such connections.
PIPE JOINT CONSTRUCTION
Joints between sections of pipe and between pipe and fittings shall be welded.  Joints between pipe and valves shall be welded or flanged.  Branch connections may be made with either welding tees or forged branch outlet fittings, either being acceptable without maximum size limitations.  Branch outlet fittings shall be forged for improved flow where attached to the run, reinforced against external strains, and designed to withstand full pipe-bursting strength. Minimum branch size is 1-inch NPS, which may be reduced immediately after the connection, if a ½-inch valve is desired. 
Piping installed downstream of the last valve in drains and vents may be threaded using either forged steel or class 300 malleable iron fittings. This is to allow easier service and connection of drain extensions without welding. Install no valves in these lines.
Joints for connection to valves shall be welded or flanged, faced true, provided with gaskets, and made perfectly square and tight.  Flanges shall be forged steel Class 300, raised face, weld-neck type.  Slip-on flanges, socket-weld flanges, Van-Stone flanges and all other types of flanges not weld-neck are prohibited. 
Outlet connections on drain and vent valves may be threaded to allow simpler connection of drain lines without welding.
Unions may be used with prior written approval and are prohibited on pipe larger than 2-inch.
Use flanged joints only where necessary for normal maintenance and where required to match valves.  Provide bolts, nuts, gaskets, packing, and thread compounds suitable for the service.  Isolate each branch line and each equipment item with valves. 
Open ends of pipelines and equipment shall be properly capped or plugged during installation to keep dirt and other foreign matter out of the system.
Branch Connections: Branches from supply and return mains shall be taken off as approved using weld-on forged steel fittings.  Connections shall be carefully made to ensure unrestricted circulation, eliminate air pockets, and permit the complete drainage of the system.  Changes in horizontal piping sizes shall be made through eccentric fittings.
Make branch connections with welding tees except factory made forged welding branch outlets or nozzles having integral reinforcements conforming to ASME B31.1.  
Bushings, street elbows, close nipple, short nipples, or cast iron fittings are prohibited in HTW Piping.
Make changes in size of HTW lines with reducing fittings or swaged nipples. 
Eccentric Reducers shall be used on horizontal piping.  
In buried applications, install with straight side on the top. 
Install the reducers with the straight side on the bottom of the piping in pipe racks where support at the same level is desired. 
Install with the straight side on the bottom at inlet and outlet of control valves as this improves performance of the valve. 
TERMINAL EQUIPMENT CONNECTIONS
Size for supply and return piping, fittings and valves (except control valve) shall be same pipe size. If reduction or increase is required for equipment connections, reducer or increaser shall be just prior to final connection.  
Install control valves in accessible locations close to connected equipment.  Provide reducer and increaser on each side of control valve.  Control valve shall not be line size. Provide strainer immediately in front of reducer before control valve. 
Bypass piping around control valves is prohibited. 
Install weld-on forged steel fittings for pressure and temperature Gauges at heat exchanger inlet connections. 
Provide tapered stainless steel thermometer wells with 1-inch NPS, which may be threaded or welded in place and shall have lagging extension body. These wells are typically fabricated from stainless steel hexagonal bar stock with straight tapered bore. 
FIELD QUALITY CONTROL
Prepare high temperature water piping in accordance with ASME B31.1 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, its closure shall be capable of sealing against test pressure without damage to valve.  Install blinds in flanged joints to isolate equipment.
Perform the following tests on high temperature water piping prior to insulating:
Use ambient temperature water as a testing medium.
High temperature water piping is to be hydrostatic tested at 600 psig for eight hours. 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 (e.g. expansion joints) 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.
There shall be no loss of pressure or visible leakage over the eight-hour test period. After hydrostatic test pressure has been applied, examine piping, joints, and connections for leakage throughout the testing period. Eliminate leaks by tightening, repairing, replacing components, and repeat hydrostatic test until there are no leaks.  Immediately stop test if any leakage is observed. Continue this process until no leaks exist and the piping holds the test pressure for 8 hours. Pressure drop to 590 psig is acceptable if caused by thermal contraction due to temperature change. Do not allow thermal expansion to raise pressure above 690 psig
Prepare written report of testing.
Tests shall be conducted before, during, and after the installation of the system.  Instruments, equipment, facilities, and labor required to properly conduct the tests shall be provided.  Test pressure Gauges shall have dials indicating not less than 1½ times nor more than 2 times the test pressure for a specific test and shall be calibrated within 3 months prior to the test and approved by the University.  Any deficiencies shall be corrected at the Contractor's expense.  Failure to correct any deficiencies will be cause for rejection of the system.
No valve between existing and new HTW piping shall be opened until after tests are approved, and internal cleaning operations are complete; then, system valves will be opened only with authorization and assistance from the University Central Plant personnel.
If any testing failures occur, make such adjustments or replacements as directed by the University’s Representative and the tests shall be repeated at the Contractor’s expense until satisfactory installation and operation are achieved.
Installer shall assist the University personnel in system start-up.  The University Central Plant personnel will provide on-site management of the start-up process and direct the Installer in valve positioning.  Do not open any valve during start-up until directed to do so by the University.
Check the system for leaks, and repack valve stem glands that indicate a need for additional packing.
Do not conceal, or insulate piping until it has been inspected, tested, and approved. Do not run piping concealed in walls, partitions, underground, or under the floor. Where pipe passes through building structure, do not conceal pipe joints, and locate where they may be readily inspected.  
Identify pipe and fittings at the Work site with labels.  The University reserves the right to reject items not readily identified as meeting the requirements of these standards.
Protect materials and equipment from the weather.  
Identify piping and physical hazards in accordance with ANSI Z53.1.  Refer to Section 23 0553 for mechanical identification.
ADJUSTING
Perform these adjustments before operating the system or energizing with high temperature water.
Check operation of over-temp safety devices. Ensure that all devices function correctly. 
Set temperature controls so heat exchangers are calling for no flow
Check operation of each control valve.  
Upon system start up, ramp the control valve for building heating water exchangers slowly toward the open position. Rate of opening shall be not more than one percent (1%) per minute. When the heating water system achieves set point, rate of opening can be released to normal operation. Control valve shall take a minimum of one hundred (100) minutes to fully open.
TREATMENT AND 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 ½ foot/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.
Step Five - Final Fill: Completely fill the system with clean, zeolite softened water in cooperation with the University’s Central Plant Personnel.  Provide interconnections and the services of an approved water supplier for filling.
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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