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SECTION 15490

PROCESS AND LABORATORY PIPING

PART 1 - GENERAL

1.01
WORK INCLUDED

A.
This section includes all pipe, pipe fittings, valves, and other appurtenances for the following piping applications:

1.
Process piping.

2.
Laboratory gas piping.

3.
Cryogenic piping.

1.02
RELATED WORK

A.
Section 01900 - Lateral Force Anchorage Provisions 

B.
Section 09900 - Painting

C.
Section 15121 - Expansion Compensation

D.
Section 15140 - Supports and Anchors

E.
Section 15190 - Mechanical Identification

F.
Section 15242 - Vibration Isolation

G.
Section 15260 - Piping Insulation

1.03
CODES AND STANDARDS

Comply with all of the following:

A.
Section 15010, Part 1.05 - Codes and Standards

B.
American National Standards Institute (ANSI)

1.
ANSI/AWS A5.8 Brazing Filler Metal

2.
ANSI/AWS A5.9 Corrosion Resisting Chromium and Chromium-Nickel Steel Welding Rods and Bare Electrodes

3.
ANSI/AWS A5.10 Aluminum and Aluminum-Alloy Welding Rods and Bare Electrodes

4.
ANSI/AWS D1.1 Welding and Cutting

5.
ANSI B2.1 Pipe Threads (Except Dryseal)

6.
ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings

7.
ANSI B16.3 Malleable-Iron Threaded Fittings

8.
ANSI B16.5 Pipe Flanges and Flanged Fittings

9.
ANSI B16.9 Factory-Made Wrought Steel Buttwelding Fittings

10.
ANSI B16.11 Steel Socket Welding Fittings

11.
ANSI B16.15 Cast Bronze Threaded Fittings

12.
ANSI B16.22 Wrought Copper and Wrought Bronze Solder Joint Fittings

13.
ANSI B16.24 Bronze Flanges and Flanged Fittings

14.
ANSI B16.28 Wrought Steel Buttwelding Short Radius Elbows and Returns

15.
ANSI B18.2.1 Square and Hex Bolts and Screws

16.
ANSI B18.2.2 Square and Hex Nuts

C.
American Society for Testing and Materials (ASTM)

1.
ASTM A 47 Malleable Iron Castings

2.
ASTM A 53 Pipe, Steel, Black and Hot Dipped Zinc-Coated, Welded and Seamless

3.
ASTM A 106 Seamless Carbon Steel Pipe for High-Temperature Service

4.
ASTM A 120 Pipe, Steel, Black and Hot Dipped Zinc-Coated, Welded and Seamless, for Ordinary Uses

5.
ASTM A 126 Gray Iron Castings for Valves, Flanges, and Pipe Fittings

6.
ASTM A 153 Zinc Coating (Hot-Dip) in Iron and Steel Hardware

7.
ASTM A 181 Forgings, Carbon Steel for General Purpose Piping

8.
ASTM A 182 Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service

9.
ASTM A 197 Cupola Malleable Iron

10.
ASTM A 234 Piping and Fittings of Wrought Carbon Steel and Alloy Steel For Moderate and Elevated Temperatures

11.
ASTM A 269 Seamless and Welded Austenitic Stainless Steel Tubing for General Service

12.
ASTM A 312 Seamless and Welded Austenitic Stainless Steel Pipe

13.
ASTM A 409 Welded Large Outside Diameter Light-Wall Austenitic Chromium-Nickel Alloy Steel Piping for Corrosive or High-Temperature Service

14.
ASTM B 32 Solder Metal

15.
ASTM B 43 Seamless Red Brass Pipe, Standard Sizes

16.
ASTM B 62 Composition Bronze or Ounce Metal Castings

17.
ASTM B 210 Aluminum-Alloy Drawn Seamless Tubes

18.
ASTM B 241 Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube

19.
ASTM B 247 Aluminum-Alloy Die and Hand Forgings

20.
ASTM B 361 Factory-Made Wrought Aluminum and Aluminum-Alloy Welding Fittings

21.
ASTM D 1784 Rigid Poly Vinyl Chloride (PVC) Compounds and Chlorinated Poly Vinyl Chloride (CPVC) Compounds

22.
ASTM D 1785 Poly Vinyl Chloride (PVC) Plastic Pipe

23.
ASTM D 2241 Poly Vinyl Chloride (PVC) Plastic Pipe (SDR-PR)

24.
ASTM D 2464 Threaded Poly Vinyl Chloride (PVC) Plastic Pipe Fittings, Schedule 80

25.
ASTM D 2467 Socket-Type Poly Vinyl Chloride (PVC) Plastic Pipe Fittings, Schedule 80

26.
ASTM D 2564 Solvent Cements for Poly Vinyl Chloride (PVC) Plastic Pipe and Fittings

D.
National Fire Protection Association (NFPA)

1.
NFPA 31 Oil Burning Equipment

2.
NFPA 51 Oxygen-Fuel Gas Systems for Welding and Cutting

3.
NFPA 58 Liquefied Petroleum Gases, Storage and Handling

E.
Sheet Metal and Air Conditioning Contractors National Association (SMACNA)

1.
SMACNA Guidelines for Seismic Restraints of Mechanical Systems

1.04
SUBMITTALS

Comply with all of the following:

A.
Section 15010, Part 1.15 - Review of Materials.

1.05
QUALITY ASSURANCE

A.
Valves:  Manufacturer's name and pressure rating shall be marked on valve body.

B.
Welding Materials and Procedures:  Conform to ASME Code and applicable state labor regulations.

C.
Welders Certification:  In accordance with ANSI/AWS D1.1.

1.06
DELIVERY, STORAGE, AND HANDLING

A.
Deliver, store, and protect products under provisions of Section 01210.

B.
Deliver and store valves in shipping containers with labeling in place.

PART 2 - PRODUCTS

NOTE: Do not use CPVC pipe for conveying hydrofluoric  acid or detergents (contact manufacturer regarding PRODUCT limitations and application).

2.01
MATERIAL SCHEDULE

Refer to Sections 2.02 to 2.18 for complete material specifications for each pipe class specified below.

Piping System
Material Specification

A.  Acetylene
Pipe Class BS1 (black steel)

B.  Air Sampling System
Pipe Class C1, Type L with silver brazing alloy (copper)

C.  Distilled Water
Pipe Class PVC1 (PVC)

D.  Instrument Air
Pipe Class C1, Type L with 95-5 tin antimony solder

E.  Methane
Pipe Class BS1 or BS2 (black steel)

F.  Nitrogen Gas
Pipe Class C1, Type K with silver brazing alloy (copper)

G.  Oxygen Gas
Pipe Class C1, Type K with silver brazing alloy (copper)

H.  Process Cooling Water Supply & Return (4" or less)
Pipe Class C1, Type L with 95-5 tin antimony solder (copper)

I.  Process Cooling Water Supply & Return (4" and smaller, where piping can be damaged)
Pipe Class B1 (brass)

J.  Process Cooling Water Supply & Return (larger than 4")
Pipe Class GS1 (galvanized)

K.  Process Hot Water Supply & Return (4" and smaller)
Pipe Class C1, Type L with 95-5 tin antimony solder (copper)

L.  Process Hot Water Supply & Return (4" and smaller)
Pipe Class B1 (brass)

M.  Process Hot Water Supply & Return (larger than 4")
Pipe Class GS1 (galvanized)

N.  Vacuum (4" and smaller)
Pipe Class C1, Type L with silver brazing alloy (copper)

O.  Vacuum (larger than 4")
Pipe Class BS2 (black steel) 

2.02
PIPE CLASS BS1:  BLACK STEEL PIPE AND FITTINGS

A.
Pipe:  Black Steel, welded or seamless wall pipe, Schedule 40, ASTM A 53, Grade B, Type S, (seamless) or Type E (electric resistance welded), or ASTM A 106, Grade B, ANSI B36.10. Welded joints.

B.
Fittings:

1.
Pipe Sizes 2 Inch or Smaller:  Socket-welding fittings, 2000 lb, ASTM A 181, ANSI B16.11.

2.
Pipe Sizes 2-1/2 Inch or Larger:  Butt-welding fittings, Schedule 40, ASTM A 234, ANSI B16.9.

C.
Flanges:  Slip-on or welding-neck type, 150 lb, raised face, carbon steel, ASTM A 181, Grade 1, dimensions in accordance with ANSI B16.5.

D.
Unions:

1.
Pipe Sizes 2 Inch or Smaller:  250 lb, screwed, black malleable iron, ground joint, brass to iron seat.

2.
Pipe Sizes 2-1/2 Inch or Larger:  Use flanges.

E.
Local Connections (2 inches or smaller):  Threaded joints using 150-lb, black, banded, threaded, malleable iron fittings may be used for exposed local connections.  Fittings shall conform to ANSI B16.3 dimensions, ASTM A 47, ANSI B2.1 threads.

2.03
PIPE CLASS BS2:  BLACK STEEL PIPE AND FITTINGS

A.
Pipe:  Black Steel, welded or seamless wall pipe, Schedule 40 ASTM A 120 or A 53, ANSI B36.10.  Welded joints.

B.
Fittings:

1.
Pipe Sizes 2 Inch or Smaller:  Socket-welding fittings, 2000 lb, ASTM A 181, ANSI B16.11.

2.
Pipe Sizes 2-1/2 Inch or Larger:  Butt-welding fittings, Schedule 40, ASTM A 234, ANSI B16.9.  Short radius elbows (ANSI B16.28) will be allowed on gas piping systems, but long radius elbows are preferred and shall be used on all other piping systems.

C.
Flanges:  Slip-on or weld-neck type, 150 lb, raised face, carbon steel, ASTM A 181, Grade 1, dimensions in accordance with ANSI B16.5.

D.
Unions:

1.
Pipe Sizes 2 Inch or Smaller:  150-lb, screwed, black, malleable iron, ground joint, brass to iron seat.

2.
Pipe Sizes 2-1/2 Inch or Larger:  Use flanges.

E.
Local Connections (2 inches or smaller):  Threaded joints using 150-lb, black, banded, threaded, malleable iron fittings may be used for exposed local connections.  Fittings shall conform to ANSI B16.3, dimensions, ASTM A 197, materials, ANSI B2.1, threads.

2.04
PIPE CLASS C1:  COPPER TUBE AND FITTINGS (TYPE K OR L)

A.
Tubing:  Copper tubing, hard drawn temper, Type K or Type L, as specified, ASTM B 88. Soldered joints.

B.
Fittings:  Wrought copper, socket solder-type joint, ASTM B 88 and ANSI B16.22.  Couplings shall be of the staked stop type.

C.
Flanges:  Socket solder-type joint.  150 lb, plain (flat) face, cast bronze, ASTM B 62.  Dimensions shall be in accordance with ANSI B16.24.

D.
Unions:  Socket solder-joint ends, cast bronze, ASTM B 62.  Dimensions shall be in accordance with ANSI B16.18.

E.
Solder:  95-5 tin antimony, or silver brazing alloy, as specified.  All solder joints of piping that convey flammable materials shall be made with brazing alloys having melting points above 1000 F, (ANSI B31.2; NFPA 51, 31, 58). Silver brazing alloy shall be ANSI/AWS A5.8, classification BCUP-5 containing 15% silver, 80% copper, 5% phosphorous.

2.05
PIPE CLASS GS1:  GALVANIZED STEEL PIPE AND FITTINGS

A.
Pipe:  Hot-dipped galvanized steel, welded or seamless wall pipe, Schedule 40, ASTM A 120 or ASTM A 53.

B.
Fittings:

1.
Pipe Sizes 2 Inch or Smaller:  Galvanized, 150-lb, threaded malleable iron, banded fittings and galvanized steel couplings, dimensions ANSI B16.3, material ASTM A 197, galvanizing ASTM A 153, threads ANSI B2.1.

2.
Pipe Sizes 2-1/2 Inch or Larger:  125-lb cast iron flanged fittings, ANSI B16.1, plain (flat) face, ASTM A 126.

C.
Flanges:  125-lb cast iron, screwed, ANSI B16.1, ASTM A 126.

2.06
PIPE CLASS PVC1:  POLYVINYL CHLORIDE (PVC) PRESSURE PIPE AND FITTINGS

A.
Pipe:  PVC, Schedule 80 (other schedules or SDR classes may be specified), ASTM D 1784 - Material Class 12453-B, ASTM D 1785 pipe specification.  (See ASTM D 2241 for SDR classes).

B.
Socket Type Fittings:  PVC, Schedule 80, socket type, Type I, Grade 1, ASTM D 2467.

C.
Threaded Fittings:  PVC, Schedule 80, threaded, Type I, Grade 1, ASTM D 2464.

D.
Flanges:  PVC, 150-lb, plain (flat) face, socket type.  PVC, Type I, Grade 1, material same as pipe and fittings.  Flange O.D. and drilling pattern shall conform to ANSI B16.1, 125 lb

E.
Unions:  PVC, Schedule 80, threaded or socket ends.

F.
NSF Seal:  All pipe and fittings of PVC piping systems conveying potable material, such as domestic water, shall bear the seal of the National Sanitation Foundation (NSF).

G.
Solvent Cement:  ASTM D 2564.

2.07
PIPE CLASS SS1:  STAINLESS STEEL PIPE AND FITTINGS (THREADED AND SOCKET-WELD JOINTS)

A.
Pipe:  Stainless steel, seamless wall pipe, Schedule 40S, ASTM A 312 or A 409, Grade TP 304L or TP 316L, and ANSI B36.19.

B.
Screwed Fittings:  Forged stainless steel, 150 lb, screwed, ASTM A 182, Grade F304L or F316L, and ANSI B16.3.

C.
Screwed Unions:  Same material as screwed fittings, 150 lb, ground seat, screwed.

D.
Socket Weld Fittings:  Forged stainless steel, 2000 lb, socket weld, ASTM A 182, Grade F304L or F316L and ANSI B16.11.

E.
Socket Weld Unions:  Same material as socket weld fittings 3000 lb, ground seat, socket weld.

F.
Flanges:  Slip-on or weld neck type, 150 lb, forged stainless steel, raised face Grade F304L or F316L, ASTM A 182.  Dimensions in accordance with ANSI B16.5.

G.
Local Connections:  Stainless steel tubing, ASTM A 269, and compression fittings (Crawford, Parker, or equal) may be used for local connections.  Wall thickness of tubing shall suit maximum allowable working pressure.

H.
Welding Process:  Tungsten inert gas (TIG).  Filler material:  ANSI/AWS A5.9 - Class ER 308L for Type 304L stainless steel, Class ER 316L for Type 316L stainless steel. Use argon or helium gas.

2.08
VALVE SCHEDULE

Service
Size
Type

Methane
1" to 2"
VB-7.01 Lubricated Plug

CA, House Vac.
2" or smaller
VB-2.01 Globe Valve
VB-4.05  Lift Check VB-6.02 
   Ball Valve

Oxygen, Acetylene
1/8" to 1"
VB-7.04 Plug Valve

Hydrogen, Nitrogen,
1/4" to 2"
1/4" to 1"
VB-2.03 Diaphragm Globe Valve

Nitrogen, Inert Gases
1/4" to 1"
VB-4.04 Check Valve
VB-2.04 Packless Globe Valve

Distilled water

VB-6.01 Ball Valve

2.09
GLOBE VALVES

A.
Type VB-2.01 (1/8" to 3"):  150-psig SP/300-psig WOG, bronze body, SB, Teflon disc, screwed ends, Lunkenheimer No. 123, Jenkins No. 106A, Stockham B-22, or equal.

B.
Type VB-2.03 (1/4" to 2"):  400-psig design working pressure, forged brass or tin plated cast bronze body, diaphragm type (packless stem) globe valve, degreased and individually packaged, NPT female ends, synthetic rubber seat and diaphragm, REGO, or equal (no known equal), model numbers as follows:

Size
Model Number

1/4"
2553AC

3/8"
2553AAC

1/2"
2554AC

3/4"
2554AAC or 2505AC

1"
2507AC

1-1/4"
2509AC

1-1/2"
2511AC

2"
2513AC

C.
Type VB-2.04:  500-psig max. W.P., 275 F max. temp., brass body, FPT ends, 1/2-inch size, Kerotest packless globe valve No. R42A04P, or equal (no known equal), degreased per 02 requirements.

2.10
CHECK VALVES

A.
Type VB-4.04 (1/4" to 1"):  Stainless steel body, 3000-psig rating, spring-loaded poppet, end entry, specify end connections.  Circle Seal series 200, or equal (no known equal), degreased and individually packaged.

Service
Seat

H, N, NG, AIR, VAC
BUNA-N

O, Acetylene
Neoprene

Any liquid
Teflon

B.
Type VB-4.05 (1/4" to 2"):  150-psig SP/300-psig WOG, lift check, bronze body, Teflon disc, screwed ends, spring loaded.  Lunkenheimer No. 233, Jenkins No. 655A, Fairbanks No. 0626, or equal.

C.
Type VB-4.06 (1/2" to 3"):  150-psig at 75 F, PVC body, ball check, union at each end, socket connections, Chemtrol BC series, GF plastic systems, or equal.

2.11
DIAPHRAGM VALVE

A.
Type VB-5.01 (1/2" to 2-1/2"):  150-psig working pressure at 70 F, PVC body, diaphragm as specified, screwed/socket weld/flanged ends as specified.  Hills-McCanna figure 510, Grinnell-Saunders series 2400, or equal.

1.
For distilled water service, diaphragm material shall be Hills-McCanna N-7 Special white neoprene, Grinnell “WS” white natural rubber

2.
For high explosives service, diaphragm material shall be Buna-N

3.
For lab waste & chemical service, diaphragm material shall be Hills-McCanna, “04” Teflon faced; or Grinnell “Z2” Teflon faced.

2.12
BALL VALVES

A.
Type VB-6.01 (1/2" to 2"):  150-psig at 75 F, PVC body, end entry with union at each end, viton seal rings, Teflon seat rings, socket end connections, Chemtrol TU series, “GF” Plastic Systems, or equal.

B.
Type VB-6.02 (1/4" to 2"):  400-psig, WOG, bronze ball valve, threaded ends, Buna-N seats, packing and gasket, Underwriters listed for L.P.G. service, Jenkins No. 30-A, Lunkenheimer No. 707-XLT, or equal.

2.13
PLUG VALVES

A.
Type VB-7.01 (1/2" to 2"):  175-psig lubricated plug valve, semi-steel body with two-bolt cover, combination lubricant screw and gun fitting, provided with tube or stick sealant, and operating wrench (with set screw), screwed ends.  Rockwell No. 142, ACF No. R-1430, Homestead No. 601 (1/2–3/4 inch), Homestead No. 611 (1–2 inch), Walworth No. 1796, or equal.

B.
Type VB-7.02 (1/2" to 1"):  125-lb lubricated plug valve, semi-steel body, spring-loaded lubricated plug, bottom-closure threaded plug, provided with tube or stick sealant and operating wrench.  Rockwell No. 1018, Mueller No. H-11170, Walworth No. 2911, or equal.

C.
Type VB-7.03 (2 1/2" to 4"):  Same as VB-7.01, except with flanged ends.  Rockwell No. 143, ACF No. R-1431, Homestead No. 612, or equal.

D.
Type VB-7.04:  150-psig, plug shut-off valve, brass body, O-ring seal, non-lubricated, 300-psig proof pressure, 1000-psig min. burst pressure, helium leak tested and certified leak proof, degreased and individually packaged, Circle Seal, or equal, (no known equal), model numbers as follows:


O-ring


Model No.
Material
Service

9259
Buna-N
Gen. purpose, air nitrogen, oil, water.

9232
Viton
Aromatic fuels, carbon tet., steam, synthetic oils, toluene.

9213
Neoprene
Oxygen, carbon dioxide, helium, hydrogen.

2.14
PRESSURE-RATED LINE VALVES

A.
All pressure-rated gate and globe valves shall be designed for repacking under pressure when fully opened, and shall be equipped with packing suitable for the intended service.  When the valve is fully opened, the back seat shall protect the packing and the stem threads from the fluid.  The pressure-temperature rating of valves shall not be less than the design criteria applicable to all components of the system.

B.
Where composition discs are used, the discs shall be suitable for the intended service.

C.
All valves used in oxygen service shall be degreased, packaged, and tagged as such.

2.15
PIPE JOINT CONNECTION MATERIALS

See Section 3.03 for material call-outs for to various installation situations.

2.16
DIELECTRIC INSULATING FITTINGS

Dielectric insulating couplings and flanges shall be F.H. Maloney, Walter C. Vallett, Epco, Capitol Manufacturing, or equal.  Couplings and flanges shall be constructed so that the two pipes being connected are completely insulated from each other with no metal-to-metal contact.  The unions shall have female threaded-end connections.  The flanges shall have threaded connections and shall be made up with complete insulating components consisting of a dielectric gasket, bolt, insulator sleeves, and bolt washers.  Dielectric insulating fittings with solder end connections shall not be used.  All dielectric material shall be suitable and labeled for the service conditions involved.

2.17
PIPE SLEEVES

A.
Sleeve types in new construction:

1.
Walls Below Grade or Floor Slabs on Grade:  Use permanent sleeves of clay or concrete.  Where sleeves cannot be installed, such as connections to floor drains, take precautions to assure that drains or pipes are not in contact with reinforcing steel.

2.
Equipment-Room Floors Over Finished Areas, and all Floors with Membranes Over Finished Areas:

a.
Use permanent, watertight, cast iron stack sleeves with integral flashing flange for clamping to membrane and with hub, J. R. Smith No. 1720, Wade No. W-3630, or equal.

b.
Use permanent sleeves of Schedule 40 galvanized steel pipe, extended 2 inches above finish floor, and with a 2-inch wide collar (to go under membrane), tack welded to sleeve and soldered all around.

c.
For future piping, instead of extending sleeve above floor, terminate with coupling-top flush with finish floor.  Provide a taper-thread, countersunk cleanout plug, with stainless steel, smooth, round access cover plate, secured to plug with countersunk screw, J.R. Smith No. 4472, Wade No. W-8480-R with W-8590-E, or equal.  If ceiling below is exposed, fill sleeve with plaster plug flush with underside of slab.

B.
All Other Floor and Wall Locations:  Use temporary, removable sleeves of 24-gauge steel or fiberboard, as made by Miracle Can Co., Adjusto Crete Manufacturing Co., Sperzel “Crete Sleeves,” “Hole Out” plastic sleeves by Conac Corp., or equal.

2.18
LABORATORY FITTINGS AND FAUCETS

[NOTE TO DESIGNER:  THESE ITEMS ARE TOO VARIED AND SPECIFIED TO BE INCLUDED IN THIS SPECIFICATION.  SEE THE T & S Brass and Bronze Works, Inc. AND THE Chicago Faucet Company CATALOGS.]

2.22
INDUSTRIAL GAS SERVICE DROPS

1.
See PEL-M-5.03 for complete specifications and details.

2.
On an existing gas distribution system which has been deactivated (manifold removed), all drops connected thereto shall have their regulators removed and the drop capped.

2.19
INDUSTRIAL GAS CYLINDER MANIFOLDS AND INSTALLATIONS

See PUB 3000 for complete specifications and details, and note the LBL policy concerning these high pressure manifolds.  It is preferred that the Subcontractor provide the “house system” as defined in PUB 3000 but that LBL provide and install the manifold.

2.20
VACUUM-INSULATED PIPING SYSTEMS

1.
Some applications in LBL require the use of liquefied gases such as oxygen, nitrogen and argon.  LOX, LN2, and LAR are stored in cryogenic storage tanks because of the very low temperatures (–297 F and lower) involved.  The internal tank pressures range from 20 to 175 psig. These cryogenic storage tanks are owned by vendors and leased to LBL.

2.
The transfer piping system for the liquefied gases must necessarily be insulated to a high degree in order to prevent the liquefied LOX, LN2, or LAR from vaporizing as a result of absorbing heat.  The following specification is for such highly insulated piping systems.

CAUTION:
You must specify a pressure relief valve in the inner pipe of any section of vacuum-insulated piping that can be isolated with valves.

A.
Layout and Material List Submittal:  The vacuum-insulated piping system shall conform to the layout dimensions, line sizes, outlets, and type of field joints shown on the drawings and specified.  The Subcontractor shall submit layout drawings and a material list showing the various spool pieces, valves, field joints, inner and outer bellows, and other necessary accessories for approval by the University.  The location and types of pipe support shall also be indicated if those listed in the General Requirements of Section 1500 or shown in the drawings appear to be inadequate or improper.

B.
Vacuum Insulated Pipe and Fittings:

1.
Vacuum-insulated piping shall be fabricated using Type 304 and 316 stainless steel on both inner and outer lines, both factory assembled into straight section and fitting spool pieces.  The spool pieces shall be designed for 150-psig working pressure with internal and external bellows as required, and line spacers.  The vacuum annulus shall be provided with multi-layer insulation, shall be sealed off at a static vacuum of 10–5 torr, and shall be provided with a “gettering” package to cryo-adsorb molecules in the annulus space.

2.
The ends shall be provided with male/female bayonet connections and veg-band couplings.  The outer line shall be provided with a combination pump-out and relief assembly.

C.
Vacuum Insulated Valves:  The valves shall be vacuum-jacketed valves complete with male and female bayonet connections.  The construction shall be similar to that for the spool pieces.  The valves shall have removable stems and self-orientating Teflon seats.  Each vacuum-insulated valve shall have its own combination pump-out and relief assembly.

D.
Fabrication and Factory Tests:  Each spool piece and vacuum-insulated valve shall undergo the following fabrication procedures and testing:

1.
Heli-arc (TIG) welding

2.
Liquid-penetrant weld testing

3.
Proof-pressure test at 125% of design pressure

4.
Evacuation and bakeout of vacuum annulus

5.
Mass-spectrometer leak test

6.
Vacuum-retention test

7.
Final cleaning and individual packaging prior to shipment.

E.
Installation and Final Tests:  The Subcontractor shall submit installation and final test procedures for approval by the University.  The approved procedures shall be available at the job site and shall be produced upon demand of the University representative.

F.
The vacuum-insulated piping system shall be as manufactured by Cryogenic Engineering Company (“CRYENCO”), Minnesota Valley Engineering Company (“MVE”), CVI Corporation, or equal.

2.21
SPECIAL PROCEDURE - INERT GAS PIPING SYSTEMS

The following procedures shall be implemented when inert gas (nitrogen, argon, helium, krypton, xenon) systems are modified:

1.
Many glove boxes and experiments that require an inert gas atmosphere contain pyrophoric and/or high-purity materials that are damaged by exposure to atmospheres containing more than a few parts per million of oxygen or water vapor.

2.
This article defines the special procedure to be used when modifying existing inert-gas piping systems.

CAUTION:
Designer should check with client concerning the need for this special procedure.

A.
Prior to alterations, valve-off section of piping system to be modified.  The isolated section shall be as short as practical.

B.
After the alterations, including leak tests, have been successfully completed, evacuate the isolated section to 10 microns of vacuum.  The vacuum pump for this will be supplied to the Subcontractor by the University.  An appropriate gauge will also be supplied.

C.
Valve-off vacuum pump and backfill line from the rest of the inert gas system until the pressure reaches one atmosphere.

D.
Repeat steps B and C two more times to achieve “triple evacuation.”

E.
Upon completion of the above procedures, the modified section shall be opened to the rest of the inert gas system and placed into service.

2.22
LIQUID FLOW MEASUREMENT SYSTEMS

A.
Flow measurement systems shall be the venturi type, coordinated with a portable master meter, Barco (Aeroquip Corp.), Robertson, or equal.

B.
Each flow venturi shall be selected from the manufacturer's engineering data so that the design flow rate shall have a pressure differential of 10 to 40 inches of water.  The permanent pressure loss shall not be more than 10% of the differential pressure at the design flow rate.  The flow venturi shall be accurate within 2% of the actual flow rate.  A calibration chart in a clear plastic envelope shall be provided for each flow venturi.

C.
Each flow venturi shall be complete with valves, quick disconnect connection, and metal identification tag on which is stamped the size, design flow rate, location, and master meter reading at the designed flow rate.

D.
Sizes 1/2-inch through 2-inch shall be brass with threaded (or solder-joint) end connections.

E.
Sizes 2-1/2 inch through 8-inch shall be cast iron nickel-plated insert type held between self-centering 150 lb ANSI (or 300 lb) steel weld-neck, raised-face flanges.  (Also available with slip-on threaded, or brass solder-joint flanges.)

In paragraph F, select flange type

F.
Sizes 10-inch through 30-inch shall be fabricated from carbon steel with 150 lb ANSI (or 300 lb) flanged (or welding) ends.

G.
The portable Master Meter shall be a dry type with a range of 0 to 50 inches of water differential pressure.  The portable Master Meter shall have a 6-inch diameter dial mounted in an aluminum carrying case complete with equalizing and bleed valves, vent hose, and two 10-foot lengths of 250 psi at 250 F hose with quick disconnect connections, installation and operating instructions, and flow capacity curves.  The Master Meter shall be provided for the balancing work but shall not become the property of the University.

The following systems ARE USUALLY FOR LARGE BUILDINGS WITH EXTENSIVE PIPING SYSTEMS.  BALANCE VALVES ARE NOT INCLUDED.  FOR COMBINATION SYSTEMS, SEE THIS SECTION FOR FLOW CONTROL AND BALANCE VALVE SYSTEMS,]

2.23
FLOW CONTROL AND BALANCE VALVE SYSTEM

A.
The Flow Control and Balance Valve System shall consist of a calibrated balance valve coordinated with a portable Master Meter; Bell and Gossett, Taco, or equal.

B.
The calibrated, bronze balancing valve shall have provisions for connecting a portable differential pressure meter.  Meter connections shall have positive shut-off valves.  An integral pointer shall register degree of valve opening.  Each balancing valve shall be constructed with internal seals to prevent leakage around rotating element.

C.
Each balancing valve shall be constructed for at least 125-psig working pressure at 250 F, and shall be supplied with preformed polyurethane insulation suitable for use on heating or cooling systems.

D.
A portable readout master meter capable of indicating pressure differential across system component shall be provided for balancing work, but shall remain the property of the Subcontractor.  The meter shall be complete with all necessary hoses, shut-off and vent valves, and carrying case.

E.
Either a circuit-setter calculator shall be provided for each project, or each balance valve shall be provided with a calibration chart in a clear plastic envelope.

F.
The design flow rate shall be stamped on a metal tag and attached by a chain to the balance valve.

2.24
CHEMICAL FEEDERS

A.
Chemical feeder shall be bypass type, steel construction, designed for a minimum pressure of 150 psig at 250 F, with 3-1/2 inch minimum diameter, quick-opening top, and four ball capacity.  Feeder shall be supplied with air relief cock (installed on feeder), and inlet, outlet, and drain valves (installed in the field).  Feeder shall be Nalco 4-200, Dearborn Type F, Burnham, or equal.

B.
The drawings show the Nalco unit installation.  If the Subcontractor selects the Dearborn unit, he shall submit drawings showing how the feeder stand and piping is to be modified to provide an installation equivalent to the Nalco unit.

C.
The University will provide the necessary chemicals for installation by the Subcontractor.

PART 3 - EXECUTION

3.01
PREPARATION

A.
Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.

B.
Remove scale and dirt, on inside and outside, before assembly.

C.
Prepare piping connections to equipment with flanges or unions.

3.02
PIPE INSTALLATION

A.
Route piping in orderly manner and maintain gradient.

B.
Install piping to conserve building space and not interfere with use of space.

C.
Group piping whenever practical at common elevations.

D.
Install piping to allow for expansion and contraction without stressing pipe, joints, or connected equipment.

E.
Provide clearance for installation of insulation and access to valves and fittings.

F.
Provide access where valves and fittings are not exposed.  Coordinate size and location of access doors with Section 08305.

G.
Slope water piping and arrange to drain at low points.

H.
Establish elevations of buried piping outside the building to ensure not less than       ft of cover.

I.
Where pipe support members are welded to structural building framing, scrape, brush clean, and apply one coat of zinc rich primer to welding.

J.
Prepare pipe, fittings, supports, and accessories not prefinished, ready for finish painting.  Refer to Section 09900.

K.
Establish invert elevations, slopes for drainage to 1/4 1/8       inch per foot minimum.  Maintain gradients.

L.
Install bell and spigot pipe with bell end upstream.

3.03
PIPE JOINT CONNECTIONS

A.
Threaded Pipe:  Use Crane No. JC-40, Rector Seal No. 5, or equal, for general service applications, temperatures from –50 F to +400 F, metal or plastic threads, non-toxic, non-hardening, gas pressures to 2600 psi, liquid pressures to 10,000 psi.  Special situations are listed below:

1.
Chemicals and Corrosive Service Piping:  Use Crane No. JC-30, Rector Seal No. 7, or equal.

2.
Teflon Joint Sealing Tape may be used for general service and chemical piping applications, –400 F to +500 F temperature limits, pipe sizes 1-1/2 inch or smaller.  Tape shall not be applied to the first male thread.

B.
Copper Tubing with Solder Joint Fittings:  Use silver brazed joints for refrigerant hi-pressure (100 psi), compressed air, flammable liquid and gas piping, any piping located in or under concrete slab on ground, condensate piping located in underground conduits and manholes, and for attaching “Brazolet” fittings for any service.

1.
Silver brazing alloy shall comply with ANSI/AWS A5.8, Class BCUP-5.  Use care in silver brazing to prevent overheating of pipe and fittings.  Disassemble solder type valves before silver brazing and keep bodies cool.

2.
Make all other joints with 95-5 tin antimony, ASTM B 32, Grade 5A.

C.
Steel Pipe and Welding Fittings:  Make joints by oxyacetylene or electric arc welding continuously around pipe.  Welders shall be qualified according to ANSI B31.1.0.

D.
Polyvinyl Chloride Plastic Pipe:

1.
Threaded Joints:  Threaded joints shall conform to ANSI B2.1, cut straight and true with all cuttings and burrs removed and the pipe reamed.  Joints shall be made-up with Teflon pipe-joint compound of a type recommended by the pipe and fitting manufacturer that is suitable for service in which it is to be used.

2.
Flanged Joints:  Flanged joints, when required, may be used to connect to equipment or to other piping materials.  Flanges shall be socket-type molded PVC heavy 150-lb pattern, drilled in accordance with ANSI B16.5.

3.
Welded Joints:  Make welded joints with a solvent cement of a type recommended by the fitting manufacturer, that is suitable for service in which it is to be used.  The welding shall be performed in accordance with the fitting manufacturer's recommendations by approved operators skilled in the technique of welding PVC pipe.

4.
Miscellaneous:  Do all cutting with rotary power saw, lathe or hacksaw.  Cut ends square.  Use miter box when cutting by hand.  When necessary to chuck or clamp pipe or fittings, protect from nicks and scratches by wrapping in canvas or emery paper.  Use strap wrenches throughout the assembly operations.

3.04
DIELECTRIC INSULATING FITTINGS

A.
Insulating unions or flanges shall be provided at all locations described below unless noted otherwise.

B.
A shut-off valve shall be provided locally, upstream of all dielectric insulating fittings, so that repairs can be made easily on these fittings.

C.
Locations requiring insulating couplings or flanges are as follows:

1.
At connection points where copper water lines connect to steel domestic water heater tanks.

State temperatures and pressures involved.

SERVICE
TEMPERATURE
PRESSURE

  DHW



  DCW



  IHW



  ICW



2.
At points in water lines where ferrous and other dissimilar metallic pipes are connected together.  Closed loop, cold (125°F or less) liquid systems such as for chilled water and low conductivity water (LCW) are exempted from this requirement.

State temperatures and pressures involved.

SERVICE
TEMPERATURE
PRESSURE

  DHW



  DCW



  IHW



  ICW



Check with Utilities Group, and add any of the following items when applicable.

3.
In all metallic water and gas service connections into each building within 5 feet of the building wall.  Install adjacent to the shut-off valve or cock, and aboveground where possible.

4.
Where steel or cast iron pipe in the ground connects to copper or brass piping above the ground, the transition from steel or cast iron pipe to the copper or brass pipe shall be made aboveground in an accessible location.

5.
Where copper or brass piping is connected to steel or cast iron piping and the connection is buried in the ground, the connection shall be covered with a protective coal tar tape wrap extending outward at least 5 feet on all pipes, from the point of connection.  The tape shall be Protecto Wrap No. 200, or equal.  A primer, specifically designed for use with the tape, shall be used.  The piping shall be thoroughly cleaned before any tape or primer is applied.

3.05
VALVE INSTALLATION

A.
Piping systems shall be supplied with valves at all points shown on the drawings or herein specified, arranged so as to give shut-off and regulating control of piping systems throughout the building.

B.
Valves shall be the full size of the line in which they are installed.

C.
Valves shall be installed in neat arrangements with accessibility for maintenance.  No valve shall be installed with its stem pointing down.  Globe valves may be installed with stems horizontal, but the preferred position is vertical.  All globe and angle valves shall be installed to close against pressure.

3.06
PIPE SLEEVES

A.
On existing concrete construction, holes for new piping shall be made with power-driven circular cutters.  No pipe sleeves are required.

B.
On new concrete construction, provide pipe sleeves where piping passes through concrete floors, walls, or ceilings. Extend sleeve for the full thickness of the concrete with 1/2-inch clearance all around pipe for insulation.

C.
On pipe penetrations below grade, caulk space between pipes and pipe sleeves with oakum and mastic, and make watertight.

D.
On all other floor and wall locations, secure sleeves to forms so they will not become displaced during pouring of concrete.  Fill metal or fiber sleeves on decks with sand.  Remove all sleeves from openings after removal of forms.  Cut-in proper sized holes in concrete to replace sleeves crushed or knocked out of position during pouring of concrete.  Caulk space around pipe with mastic and oakum.

3.07
SEISMIC RESTRAINTS

All ductwork, piping, and mechanical equipment, with or without vibration isolation, shall be provided with seismic restraints in accordance with the SMACNA “Guidelines for Seismic Restraints of Mechanical Systems” as approved by the State of California Office of the State Architect.
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