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1.0 purpose and scope
This standard provides recommendations for the layout of plot areas, equipment, pipe racks, piping, platforms, roads, other miscellaneous items for onshore process plants and facilities, upstream surface facilities, etc., i.e. all assets within the boundary fence of on-shore oil and gas production facilities, oil refineries, gas plants, chemical plants and supply/marketing installations.

Layout includes equipment location, access and egress for personnel safety, access for operations and maintenance, access for fire fighting, and provisions for operational housekeeping and constructability.

Additional or different access or spacing may be required because of local codes or regulatory requirements, process conditions, special hazards, environmental requirements, etc.

This standard shall be used for new facilities as well as for maintenance revamps, or expansions of existing facilities.

Where there are different requirements within this standard or with referenced Publications, Codes and Standards, the more stringent criteria shall be applied.

2.0 responsibilities

2.1 Department Manager, Piping Design & Plant Layout
Responsible for approving and implementing this standard.

2.2 Piping Subject Matter Expert

Responsible to revise and update this Standard.

2.3 Project  Manager

Responsible to ensure this standard is properly implemented when adopted for a project.

2.4 Project Engineer
Responsible to ensure the requirements of this standard are incorporated in the course of a project design.

2.5 Piping Lead
Responsible for ensuring this standard is followed during engineering design.
3.0 Referenced standards

3.1 Relevant/Referenced Publications, Codes and Standards

3.1.1 Applicable sections of the following publications form an integral part of this Standard; the latest edition and addenda apply.
3.1.2 Fire and Risk (*denotes for Canadian Installations only)

NFPA 11
Standard for Low, Medium and High Expansion Foam
NFPA 30
Flammable and Combustible Liquids Codes

NFPA 24
Private Fire Service Mains

GE GAP 2.5.2
Oil and Chemical Plant Layout and Spacing


(Formerly I.R.I.IM.2.5.2)

OH&S LEGISLATION*
Alberta/Ontario/British Columbia Occupational Health and Safety Act
OSHA
Occupational Safety and Health Administration

CGA
Compressed Gas Association

NFPA 58
Liquefied Petroleum Gas Code
NBC*
National Building Code of Canada
UBC**
Uniform Building Code
ASCE**
American Society of Civil Engineers
OGC*
Oil & Gas Conservation Regulations
ERCB*
Energy Resources Conservation Board
CSA Z662*
Oil & gas Pipeline Systems Code
3.1.3 ASME, American Society of Mechanical Engineers

B31.1
Power Piping Code

B31.3
Process Piping Code
B31.4
Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, Anhydrous Ammonia and Alcohols

B31.8
Gas Transmission and Distribution Piping Systems

B31.11
Slurry Transportation Piping Systems

B16.5
Pipe Flanges and Flanged Fittings

B16.47
Large Diameter Steel Flanges

3.1.4 ASME, Boiler and Pressure Vessel Code

Section 1
Power Boiler and Pressure Vessel Code

Section III, Div.1
Rules for Construction of Nuclear Power Plant Components

Section VIII, Div.1
Pressure Vessels

3.1.5 API, American Petroleum Institute

RP 521
Guide for Pressure-Relieving and Depressurising Systems

STD 2610
Design, Construction, Operation, Maintenance & Inspection of Terminal and Tank Facilities

STD 2510
LP-Gas Installations

RP 752
Management of Hazards Associated with Location of Process Buildings

RP 753
Management of Hazards Associated with Location of Process Plant Portable Buildings

RP 686
Recommended Practice for Machinery Installation and Installation Design

3.1.6 AREA, American Railway Engineering Association**

3.1.7 DOT, US Dept of Transportation Pipeline Safety Regulations**

Part 195
Hazardous Liquids

Part 192
Flammable gases

** denotes for United States of America Installations

3.1.8 PIP, Process Industry Practices

PIP
PIP PNE00003 Process Units and Offsites Layout Guide

3.1.9 National Association of Corrosion Engineers (NACE)

SP0403
Avoiding Caustic Stress Corrosion Cracking of Carbon 


Steel Refinery Equipment and Piping

3.1.10 Additional References for Consideration

TPA-IBS-98
International Tube and Pipe Association

TPA-CBS-98
International Tube and Pipe Association

EJMA
Expansion Joint Manufacturer Association

ASTM A262
Standard Practices for Detecting Susceptibility to Intergranular Attack in Austenitic Stainless Steels
4.0 definitions and acronyms

The “Owner”
The party which commissions the Contractor to design and build  the facility and will operate the facility on completion.  The Owner may undertake all or part of the duties of the Contractor.

The “Contractor”

The party which carries out all or part of the design, engineering, procurement, construction, commissioning or management of a project, or operation or maintenance of a facility.  The Owner may undertake all or part of the duties of the Contractor.

 “P&ID”- Process and Instrumentation Diagram
“ISO”- Piping Isometric Drawing
“NPS”- Nominal Pipe Size in inches
Small Bore Piping- Piping in sizes NPS 2 and smaller
Constructability

- Optimum use of construction knowledge and experience in planning, design/engineering, procurement and field operations to achieve overall project objectives.
Offsites
Equipment grouped outside a process unit battery limits (e.g., tanks, loading/unloading facilities, cooling towers, flares, etc.)

Upstream Facilities
Upstream facilities for oil and gas well sites and gathering systems

 “Process Unit”

Defined as an assembly of sequence related equipment and process control valves functioning as, or within, an identifiable system which performs a specific function of a process within a process plant, and bounded by battery limits.  Battery limits are as shown on the plot plan.

“Main Operating Areas”
Defined as areas at grade or levels above or below grade, where plant personnel are present continuously or are scheduled for presence at least once every shift while the plant is operating.
“Auxiliary Service Areas”
Defined as all other plant areas and levels above or below grade.

“Equipment”

Defined in the equipment list and includes such items as vessels, heat exchangers, furnaces and pumps.

“Plant Areas”

Defined as a grouping of process unit equipment performing a predetermined process operation as defined by the enclosing battery limit lines.  Plant area battery limits are shown on the Plot Plan.

5.0 standard

5.1 General

5.1.1 Units

SI (International System) units of measure are shown in parentheses following the Imperial Units where applicable

5.1.2 Other Requirements

Separate specifications cover the requirements for sewer and drainage systems.  Special requirements shall apply to fire protection, heating, ventilating, air and water systems serving buildings rather than plant or process areas and shall conform to applicable plumbing, heating, and ventilating, or refrigeration codes.  The appropriate Codes andThe Contractors  Specifications shall be used for those services.

5.2 Codes and Standards

5.2.1 Local Codes

Where provincial, state, or federal codes take precedence over CSA standards, ANSI or ASME codes, such codes shall govern.

5.2.2 Boiler Code Piping
Section I, Power boilers, of the ASME Boiler and Pressure Vessel Code, latest edition, applies to certain portions of steam, feed-water, and blow-off piping associated with boilers and steam generating equipment, as defined by that code.  Such piping shall be designated in accordance with rules for that piping as stipulated in ASME B31.1.

The preferred documents to show the limits of the piping governed by the Boiler Code are the Piping and Instrument Diagrams (P&ID’s).  They shall indicate which codes or requirements, other than ASME B31.1, apply to various parts of the piping systems.

5.2.3 Refinery and Chemical Plant Code Piping
The ASME Code for Pressure Piping, ASME B31.3, Process Piping, latest edition, generally applies to all other piping within property limits of the plant.  Exceptions as stated in paragraph 5.1.2 shall be identified on the P&ID’s and shall be identified on each ISO.  For slurry piping, the requirements of ASME B31.11 shall be met.

5.3 Design Conditions

5.3.1 Operating Conditions
Normal design conditions of pressure and temperature shall be the most severe conditions expected to coexist under usual long-time operating conditions.  These usual operations shall include all pressure and/or temperature increases caused by throttling, blocking, bypassing, or any other manipulation likely to be used for operation and control.
Usual operating conditions do not include more severe temporary conditions, such as Pressure Tests, and those incidental to start-up, shutdown, abnormal operation, steam-out or vacuum conditions.  (The steam-out and other temperature conditions higher than the normal design temperature shall be used for thermal expansion calculations).
The allowances for occasional variations in temperature and pressure, as specified in ASME B31.3, paragraph 302.2.4, shall NOT be used without prior approval of the Owner’s Engineer.  When approved, the variations shall be identified in the Line Designation Tables.

5.3.2 Design Temperature

The design temperature, as stated in the Line Designation Table, shall be the most severe sustained fluid temperature, subject to conditions of Paragraph 5.3.1 above.  Design temperature of internally-insulated or un-insulated components may be the metal temperature rather than the fluid temperature.

The design temperature for steam tracing piping shall be the fluid temperature or,

a)
300ºF (149ºC) for 50 psig (344 kPag) tracing steam

b)
400ºF (204ºC) for 150 psig (1034 kPag) tracing steam

The design temperature for electrically heat traced piping shall be based on the fluid temperature.  The LDT and each Isometric Drawing shall specify the “Maintenance Temperature” of at least 20ºF (11ºC) above the solidification temperature of the fluid  specified.

The design temperature for piping with a fluid operating temperature below minus 20ºF (-29ºC) shall be the normal fluid operating temperature.  In addition, design shall be suitable for pressure at 100ºF (38ºC).

Piping design temperature should generally be the same (or higher) than that of the major equipment item from which the contents of the line flow.  If flow can come from more than one source, the most stringent coincident conditions shall be the guiding criteria.

5.3.3 Design Pressures
Except for Boiler Code Piping (ASME Section I) the design pressure shall be the most severe condition of internal or external fluid pressure, subject to conditions of Paragraph 5.3.1 above.  The design pressure for Boiler Code Piping shall be established in accordance with the Code for Power Piping ASME B31.1.

Minimum positive design pressure shall be 15 psig (103 kPag).

Design pressure for unrelieved piping systems subject to pump discharge pressure shall be pump shut-off discharge pressure, where pump shut-off discharge pressure is pump differential pressure at shut-off or stalling conditions plus maximum suction pressure and discharge static head.

Design pressure for relieved piping systems shall be the safety valve set pressure plus the static head below the relief valve adjusted for allowances per design criteria of ASME B31.3.

Design pressure for piping systems operating under vacuum shall be full vacuum, and shall be stated in the Line Designation Table.
For piping systems protected by relief valves, the relief valve set pressure shall be equal to the design pressure minus the static head below the relief valve.

Design pressures shall be as stated in the Line Designation Table.

5.4 Materials

5.4.1 Piping Material Specifications

· Piping Materials & Valves Specifications, include individual Pipe Class Tables.  The specification shows in detail pipe, valve, flange, fitting, bolting, gasket, branch connection and other specific material requirements for various classes of fluid, temperature and pressure services.
· Material Specifications within Skid or Vendor Packages
       a)
Although every attempt shall be made to utilize The Contractors Materials    Specifications, the practice of vendors designing skid packages based on their own sound engineering practices utilizing materials, end preps, fabrication, installation, testing, etc. does occur.
       b)
Where piping used in Skid or Vendor Packages is designed to standards other than The Contractors standards, the design shall be subject to review and approval by Owner’s Engineer prior to fabrication or supply as part of the design evaluation process.  It shall be understood that in these cases, the equipment/skid manufacturers assume all responsibility for design, material selection, procurement, fabrication, inspection, quality, registration, and performance of their finished product.
       c)
The Contractors Piping Material Specifications have been developed and shall be used for the safe design of interconnecting piping between equipment, skid packages and other components of the plant.

5.4.2 Corrosion Allowances
Corrosion allowances shown in the Piping Material Specifications are minimum for the respective services.

5.4.3 Wall Thickness and Requirement

Unless specified otherwise in The Contractors Piping Material Specification, pipe wall design thickness shall be calculated in accordance with the applicable codes.  Refer to section 5.2.

5.4.4 Junction of Different Services

Where two services of different classifications join, the more severe service shall govern through the first isolation valve or other means provided to separate the two services.

5.4.5 Dissimilar Welds

All pressure retaining dissimilar welds are to be logged and called out on Piping Isometric Drawings.

5.4.6 Flanges

The use of flanges in piping shall be limited to connections at flanged equipment and valves, and under the following conditions;

a)
Where frequent dismantling of equipment is required

b)
Where piping lined with non-metals or non-metallic piping cannot be bonded or otherwise joined except by flanges.

c)
To provide clearance for dismantling of equipment such as compressors or reactor heads.

d)
For maintenance such as cleaning, decoking, installing blanks, or slurry service.

e)
For hydrotesting, plant start-up sequencing or safety purposes.

Flanges shall be installed as close as practicable to the equipment for make or break connections.
When bolting a cast iron flange to a steel flange, or other non-ferrous flange, both flanges shall be flat faced, with a full face gasket at the joint.

Bolt holes shall straddle natural centerlines.  Bolt holes which do not straddle the centerline of flanged valves or fittings shall be noted on the piping drawings.

For orifice flanges the minimum rating is Class 300.  Orifice tap nipples shall be XXS.

Class 300 flanges shall be used in Class 150 systems as required to match instrument and rotating equipment flanges or other service or design requirements.
Slip-on flanges shall be used only in Class 150 systems with normal operating temperature less than 250ºF (120ºC).  Slip-on flanges shall not be used in Special Services (see Section 5.25).
For pressure safety valves and relief valves, where dynamic loading analysis shows piping connecting to the valve is subject to excessive dynamic stresses, the safety valve body and connected pipe flange shall be analyzed to ensure flange sealing integrity.  In some cases it may be necessary to increase the flange class ratings on the valve inlet side. On Class 900 or greater the piping reactions to relief valve thrust loads shall require support verification.
For flanges up to and including NPS 24, all flanges shall comply with ASME B16.5.

For flanges of NPS 26 to 60, ASME B16.47 Series A is preferred.  ASME B16.47 Series B (previously API 605) shall be used where required to match existing flanges, with prior approval by the Owner’s Engineer.

For flanges larger than NPS 60, all flanges shall be designed to the appropriate code.

All changes to flanges shall comply with the appropriate ASME code.

5.4.7 Compact Pipe Joints

Compact pipe joints, such as Grayloc, OTECO, or equal, in Class 900, 1500, 2500 and above may be utilized in lieu of ANSI weld neck flanges for certain piping systems.  Since the compact joints are smaller and lighter, they can be used where size and weight are important, such as on offshore platforms or in vibratory service around reciprocating compressors.  The compact joints also prevent spray-type gasket leaks in acid or similar services.

5.4.8 Bends and Elbows

Changes in direction of welded piping systems shall be made with long radius welding ells.

Pipe bends with a minimum radius of five pipe diameters are also acceptable, where design permits.  A greater bend radius may be required because of material, nominal pipe size or nominal wall thickness.

Bends shall be in accordance with ASME B31.3, except that no buckling is permitted.  Creased or corrugated bends shall not be permitted.

Short radius welding ells are permissible only where required by space limitations.
Cold bending of NPS 2 and smaller carbon steel pipe, with a minimum bend radius of 5D is acceptable.

Hot or cold bending carbon steel pipe NPS 3 and larger and all sizes of alloy steel process piping require prior approval of the Owner’s Engineer.

5.4.9 Pipe Bending
· All bending procedures shall be reviewed and approved by the Owner’s Engineer.  Risks related to in-service corrosion, erosion or cracking shall be considered as part of this review.  Consideration shall also be made of the effects of the heating time and temperature on the mechanical properties of hot induction bends and this may require the production of test bends.

· When ordering pipe bends the applicable jurisdiction (e.g., ABSA) shall be contacted to determine whether bend designs must be registered (e.g., as a fitting).  If registration is required, it shall be the responsibility of the bending contractor in cooperation with the requisitioning organization.

· Pipe bending shops have a capability to both hot and cold bend piping to several bend radii from 1.5 to 6 pipe diameters.  ASME B31.3 section 332 contains criteria for bending which cover the general requirements including heat treatment.  These requirements are general but comprehensive for all piping covered by the code.  However, they do not cover service specific or economic considerations.  The thickness schedule of a given pipe spool may have to be increased in order to meet minimum wall thickness requirements in the bent (thinned) portion of the spool.
· In addition to the Code requirement mentioned above, hot bending shall be in accordance with the International Tube and Pipe Association Standard TPA-IBS-98.  A written procedure is required.

· In addition to the Code requirements mentioned above, cold bending shall be in accordance with International Tube and Pipe Association Standard TPA-CBS-98.  A written procedure is required.
· Carbon and Low Alloy Steel

Pipe bending in accordance with ASME B31.3 is acceptable where design permits with the exceptions/cautions listed below;

a)
Hardness’s after bending shall not exceed limits specified in relevantThe Contractors  or industry standards such as The Contractors  NACE MR0103 or NACE MR0175.

b)
Carbon steel piping for service temperatures of less than -20ºF (-29ºC) (Charpy impact tested) generally is not a candidate for bending without special precautions and additional testing.

· 300 Series Stainless Steel

Cold bending of 300 series stainless steel is acceptable where there is no risk of stress corrosion cracking.  Where there is a risk of stress corrosion cracking, cold bending followed by solution annealing is acceptable.  Prior to hot bending of 300 series stainless steel the fabricator shall show, by qualification tests including a 400x micrograph and ASTM A 262 Test Practices A and E, that the base material will not be damaged during bending.

· Other Materials
A qualified materials/fabrication/piping engineer shall be consulted for advice concerning bending of materials not covered in this Standard.

· Bending shops/fabricators shall be involved at the piping design stage and suitable specifications agreed on so that understanding is reached on all pertinent design and fabrication requirements and issues.
· Bends shall be used to change direction when:

a)
The bend radius required is not standard for factory made fittings.

b)
Flow requirements dictate their use.

c)
Cost is advantageous.

· Mitre bends shall be used for lines NPS 26 and larger in Category “D” fluids, if cost effective when compared with pipe bends or factory made buttwelding fittings.  Mitre bends shall be in accordance with the requirements and limitations of ANSI/ASME B31.3.  Exceptions require written approval by the Owner’s Engineer.

5.4.10
Reducers

In welded piping systems, reducers shall normally be used for line size reductions.  Reducing flanges are acceptable only when used as entry connections etc., for services where pressure drop or turbulence is not a consideration.  Eccentric reducers shall be installed “bottom flat” to maintain level pipe bottoms on horizontal runs unless self venting is required, except in horizontal suction lines to pumps in non slurry service shall the reducer installed “top flat”.

5.4.11
Blanks

· Flanged joints shall be provided for the insertion of blanks (spectacle blinds) at process connections to vessels.  This isolation will permit personnel to safely enter the purged vessel during shutdown.  Locations shall be such as to permit insertion of the blanks as close to the vessels as practical from permanent platforms, walkways or grade.

· All hydrocarbon or other flammable or toxic service to or from process units shall be flanged for blinding or blanking during shutdowns.  Such flanges shall be inside the process unit limits and accessible from grade, platforms, or walkways.

· Spectacle blanks, blanks or spacers shall be used in all lines that require operational blanking not limited to shut-down periods.
· Spectacle blanks, blanks, and spacers shall be made of materials according to the specified business unit piping material specification.  Test blinds shall not be used as service blanks.

· Nozzles over NPS 12 on towers where blanks are installed shall be equipped with lifting points above the nozzle.

· Spectacle blanks, blanks, and spacers shall be specified in accordance with ASME Standard B16.48 latest edition.

5.4.12
Bolting and Threading Lubricant

· A suitable thread compound shall be applied to all flange bolts just before installation.

· “Grafoil” and “Teflon” tape or a thread compound shall be used on threaded joints for services under 400ºF (204ºC).  Threaded joints in instrument air service shall be made up using “Teflon” dispersion sealant.  Threaded joints upstream of PSV inlets shall be made up with “Teflon” (under 400ºF (204ºC)) or Grafoil dispersant sealants (over 400ºF (204º)).
· Thread compounds or tapes shall not be used on joints which are to be seal welded.

· Lubricating compounds containing copper are NOT allowed.

5.4.13
Seal Welding

· Where seal welding is required, the joints shall be made up without application of thread lubricant and threads shall be thoroughly cleaned of all grease and oil.  Welds on threaded fittings shall be the same size as for socket fittings and shall cover the exposed threads completely.

· Seal welding is required as follows:

a)
All services subject to vibration and pulsation, such as process piping at reciprocating pumps and compressors.  For auxiliary piping requirements, see the appropriated API Standard 610 for rotating equipment.

b)
Hydrocarbon service

c)
Through first block valve on pressure vessels and exchangers.

d)
All services in which a single exposure to a very small quantity of a toxic fluid, caused by leakage, can produce serious, irreversible harm to persons.

e)
Steam and condensate services above 60 psig (414 kPag)

f)
Upstream side of only first block valve for instrumentation, such as pressure gauges and orifice taps, and in piping connected to an open (atmospheric) system, such as a vent, drain, sample connection and hose station, all when, required by the services listed in this paragraph.
g)
All hydrogen-rich [hydrogen partial pressure of 75 psia (517 kPa) or greater] services.

h)
Hydrostatic test plugs on systems where threaded connections are permitted and which will be covered with insulation.

i)
Vacuum service piping

j)
Between connections to columns, vessels, tanks, and exchangers in hydrocarbon service and the first valve.

k)
Orifice flange taps in those systems where socket welding small bore piping is specified.

l)
Unvalved, plugged hydrostatic test vents in systems where socket welding small bore piping is specified.

· The following items shall never be seal welded:

a)
Screwed thermowells

b)
Union nuts

c)
Screwed ends of instrumentation devices

d)
Lines in pipe classes such as galvanized (any pressure class rating) or air, water, nitrogen services in Class 150 piping systems.

· Only the pipe ends of threaded unions shall be seal welded where seal welding is required by Para. 5.4.13.2 of this standard.
· Flanged thermowells shall be considered in any service where threaded connections must be seal welded.
5.4.14
Bleed Rings

· Bleed rings shall be limited to maximum ASME Class 600 flange rating and shall be installed to ensure proper centering.  Wherever possible, preference is to utilize pipe spool and drain for positive isolation.

· Bleed rings shall be installed in locations where installation of a standard drain valve is not practical such as:

a)
A control valve immediately between two reducing fittings where drilling and installing a drain directly onto a reducer is not practical.

b)
A positive isolation configuration where there is no room for a pipe spool between two block valves for a bleed installation, except for a bleed ring.

c)
A location where vents or drains are required at flanged connections with space constraints.

· Bleed ring mating face surface finish shall match the mating flange surface finish per the applicable piping material specification.

· Bleed rings shall not be used in services where gusseting is required.

5.4.15
Flexible Hoses

The use of flexible hoses in any fixed or permanent piping system where the hose is utilised to compensate for large thermal movements in the hard piping to which it is connected is not recommended.  The use of hoses in any new installation requires approval of the Owner.

5.4.16
Expansion Joints
· Limited use of slide or bellows-type expansion joints is permitted when all other practical means of controlling thermal expansion or displacements have been considered.  They shall be used when limitations in space and/or pressure drop do not permit any other practical solution.  The use of expansion joints shall be reviewed and approved by the Owner’s Engineer.

· Only packless expansion joints shall be utilized if required in flammable service.

· Expansion joints shall adequately satisfy the following design conditions”

a)
Axial deflections

b)
Transverse deflection

c)
Angular rotation

d)
Design pressure-temperature of the system

e)
Test pressure (not necessarily the same as the system test pressure)

· The expansion joint shall be installed in such a manner that the system in which it is installed shall not impose any damaging forces on the joint in the shutdown condition.

· Systems in which expansion joints are installed shall be controlled by suitable anchors, guides, supports or stops, to avoid deflecting the joints beyond their designated limits (see Standards of the Expansion Joints Manufacturers Association).
· Unless otherwise specified by supplementary design data, the material selection for the flexible elements and all external attachments, such as lugs, rods, etc., shall be as recommended by the expansion joint manufacturer.  The material for the other components shall be in accordance with the piping material specification of the line in which it is to be installed.

· To avoid chloride stress corrosion cracking of expansion joints subject to metal temperatures in excess of 175ºF (79ºC), and to increase low cycle fatigue life, Alloy 625 shall normally be used in lieu of 300 series stainless steels.  The suitability of Alloy 625 for the intended service shall be reviewed and approved by the Owner’s Engineer.
5.4.17
Bolts

All bolting materials shall be as listed in The Contractors Piping Material Specification line classes.

5.4.18
Gaskets

All gaskets shall be in accordance with the applicable line class in The Contractors Piping Material Specification.

5.4.19
Bolt and Stud Tensioning

· Bolt and stud tensioning shall be executed in all new and retro-fit piping installations and shall comply with project specific procedures.

· Where the use of hydraulic bolt tensioning equipment is required, designers shall ensure there is sufficient space around flanges for access.

5.4.20
Compression Type Couplings

Compression type couplings that utilize elastomeric sealing elements (such as Dresser™ brand) may be installed in tank farm piping to compensate for differential settlement subject to Owner’s Engineer approval.

5.4.21
Tubing

· Tubing used for sample lines shall be cold drawn and solution annealed 316L seamless stainless steel to ASTM A269, connected with 316 SS compression fittings.

· Manufacturers recommended practice for installation shall be followed with particular care taken against over tightening of compression fittings.

· The use of tubing in vibrating service installations shall be carefully considered.

· Freeze protection shall be applied where necessary.

6.0 Line Sizing

6.1.1 Piping shall be sized for design rated flow conditions.  Provision for future increased capacity shall be made only when specifically required.

6.1.2 Pipe Size Limitations

· NPS ⅜, 1 ¼, 2 ½, 3 ½, 5, 7, 22, 26, 28, 32, 34, 38, 40, 44, 46, 52, 56 and 58 pipe sizes shall not normally be used, except where required to connect to equipment or where necessary in fire sprinkler systems to obtain proper hydraulic balance.  Conversion to standard piping shall be as near the equipment as possible.
· Minimum nominal pipe size run shall be NPS ¾, except for connections to equipment, instrument services, steam tracing, and auxiliary services such as pump cooling.

· The minimum header size in pipe racks for process and utility piping shall be NPS 2, unless intermediate supports are available.

· Small branch lines which span across a rack shall be increased to NPS 2 due to span limitations if no intermediate support steel is available.

6.2 Valving

6.2.1 Valves

· Operating and block valves shall be provided consistent with good design and operating practice.  The design shall include valving and or blanking provisions for the safe isolation of piping and equipment for maintenance and inspection purposes as per, but not limited to, the Safety Regulations of the relevant Occupational Health and Safety Act applicable to the local jurisdiction.  All other applicable regulatory design and safety codes also apply.  There shall be no exceptions without specific written approval from the Owner’s Engineer.
· For valve specifications, The Contractors piping material specifications.
· Whenever more than one (alternative) valve type or tag numbers are listed in a line class, it is the designer’s responsibility to verify that the selected valves are optimum for the application, locations, and the pressure-temperature ranges of the operating conditions.

· Many valve tags have alternate and/or multiple suffixes.  It is the designer’s responsibility to ensure that the correct suffix(es) are included in the bill of material.  For valve tag and suffix designations see Client specifications.
· Valve requirements shall be shown on piping and instrument diagrams as follows:
a)
All operating and block valves

b)
All vent and drain valves required for operation

c)
Valves required for start-up, shutdown, and testing, purging, rundown and auxiliary systems, such as corrosion probes.

· Block valves shall be provided at all NPS 2 and smaller connections at equipment.

· Valves shall be provided for instrument connections, high point vents and low point drains for hydro-testing and/or purging and draining.

· Valves with extended bonnets for cryogenic service, (below -176ºF (-80ºC)) shall be installed with stems vertically up, or with a maximum incline of 45º from the vertical.
· The use of extended length bolt connections such as used with wafer style valves, bleed rings, spacer rings or blanks shall be minimized for fire prevention.  At locations where extended length bolts (or studs) are exposed between flanges the stud bolts and flanges shall be protected from possible flame impingement in case of a fire, by a metal shield, as shown in Dwg. Nº PTF-0017.
6.2.2 Positive Isolation

· Final requirements for all isolation (worker protection, equipment, unit/battery/perimeter limits) shall be analyzed, discussed, and decided upon by Client’s process and operating personnel and subject to Owner’s Engineer approval.  Isolation requirements shall meet applicable OH&S/OSHAS requirements as a minimum.  All isolation requirements shall be identified on the Piping and Instrument Diagrams (P&ID’s).

· Positive isolation shall consist of a double block valve complete with bleed or a valve and blank arrangement with a bleed valve installed between the two to ensure the closed valve is not passing.  Where blanks are used for positive isolation, the arrangement shall be such that the blank remains in place when removable spools are separated.  For confined space entry suitable blanks or blinds shall be used at equipment nozzles to achieve positive isolation.

· In hydrocarbon service, toxic or hazardous service, where a blind flange is bolted to a block valve, in sizes NPS 3 and above, whether the block valve be a vent, drain or future connection, the blind flange shall be fitted with a NPS ¾” vent valve. Where system flow and pressure characteristics permit, and arrangement economically justifies, valves shall be smaller than line size.

· Where practical, valving at equipment connections smaller than line size shall be the same size as the equipment connection.  For non-standard size equipment connections, the valve size shall be increased to the next standard pipe size.  For situations where a smaller valve size will adversely affect pressure drop, valve size may be equal to line size.

6.2.3 Valve Type and Size Identification

· The valve type shall be identified on the P&ID’s.  The valve size shall also be identified if it is not the same as the line size.

· Gate valves shall not be used as throttling valves for flow control.  Globe valves shall not be used for isolation purposes.

6.2.4 Valve Locations and Access

· Branch line block valves from pipe rack headers shall be located as close as possible to the edge of the pipe rack for accessibility.  Al block valves shall be accessible/operable as per Table 1 below and Paragraph 5.6.5.  Block valves on steam branches shall be installed in a horizontal pipe run.

	Table 1

	Valve Accessibility Table

	Type of Valve
	Type of Access Required

	
	Grade
	Fixed Platform
	Rolling Platform or Scaffold
	Fixed Ladder
	Portable Ladder

	Operating Valves (1)
	Yes
	Yes
	No
	No
	No

	Operating Valves, Small (1,3)
	Yes
	Yes
	No
	Yes
	No

	Non-Operating Valves (2)
	*
	*
	Yes
	No
	No

	Non-operating Valves, Small (2,3)
	*
	*
	Yes
	*
	Yes

	Instrument Valves
	(See Paragraph 5.13.1 – Instrument Access)


1.
Operating valves are valves that are essential for plant operation.
2.
Non-operating valves are valves that are not essential for plant operation.

3.
Small valves are defined as valves that can be easily operated with one hand and are normally NPS 2 and smaller.
*
To be used if available.

· For safe access in case of leakage, all caustic, acid, and toxic services shall have at least one isolation valve located no higher than 4’ 6” (1370 mm) above grade, and shall also be provided with a protective shield.

· Operating valves with bottom of handwheel over 6’ 6” (1980 mm) above actual grade or platform shall be chain operated.  Chain must not hang in a walkway or access area and shall terminate approx. 3’ 0” (915 mm) above grade or platform.  Chain operators shall not be used for screwed valves or any valve NPS 1 ½ and smaller.

· Extension stems shall also be used to facilitate valve operation, with prior approval of the Owner’s Engineer.
· For valves at heights 5’ 5” (1650 mm) to 6’ 6” (1980 mm), add one foot (305 mm) high step for access.  Where the step is required to be installed on a platform or catwalk, it shall have a guardrail 3’ 0” (915 mm) minimum in height from the surface of the step.
· Battery limit valves and spectacle blanks shall be provided as indicated on P&ID’s and provided with permanent access platforms.  If battery limit valves require access using supplied breathing air respirators, stair access is required.  Pressure release bleeders/vents/drains as required shall be provided on both sides of blanking locations.

6.2.5 Chain Operators

The preferred chain operator type is the direct mount (adaptor) type.  These are safer than clamp on types which can pose a hazard if bolts come loose.  If clamp on types are used, double nuts and safety cables shall be installed as safeguards.

6.2.6 Line Vents and Drains (Refer to Appendix 2)
· Line vents and drains fall into two categories, operating and non-operating.

· Operating Vents and Drains for equipment and piping shall be valved, capped or flanged and are shown on the piping and instrument diagrams.
· Non operating vents and drains shall be plugged, capped or flanged.

· Drain connections from piping in services involving abrasive fluids or materials which are of high viscosity when cold shall be NPS 1 minimum size.

· In services where drain valves can become plugged due to sediment or congealing fluids, provisions shall be made to permit rodding out of the drain.

· Drains emptying into open hubs shall terminate 2” (50mm) above the top of the drain hub, and the discharge shall be visible from the location of the drain valve.

· Operating drains and vents are not recommended in services where the hydrogen partial pressure is greater than 75 psia (517 kPa) and these shall require Owner’s Engineer approval.

7.0 Plant Layout and Arrangement

7.1 General

· The primary consideration in arrangement of units and equipment shall be to provide an economical plant, safe and easy to operate and maintain.  The arrangement shall favour compactness and integrated disposition of units and equipment.  Space shall be provided around equipment for convenient operation and required access and mobility for construction and maintenance.  Within the units, space for future needs shall be provided only where specifically designated.  
· This standard shall be used for the development of plans, electronic models, and working drawings for process units and facilities.  The intent is for this standard to be coordinated with the overall site and offsites layout for geotechnical, grading, zoning, building codes, life safety, fire codes, and insurer’s requirements such as G.E. GAP 2.5.2.

· To facilitate space planning, a plot plan showing desired accessways, clear maintenance areas, flare and/or blowdown facilities, and spacing of major equipment items shall be prepared using this standard as a guide.  The plot plan shall be drawn to scale and be dimensioned to indicate location and spacing requirements for main piping runs, main electrical equipment areas, etc., to the extent necessary to show that there is ample spacing of major equipment to permit installation of all necessary facilities without crowding or infringing on the recommended clear spacing requirements.  Provisions for future expansion shall also be shown when approved by Owner.
· Plant equipment shall be located far enough from public areas and thoroughfares to minimize risk to or from the public.  Obtain and apply local zoning and building regulations for specific setback, type of facilities permitted, and type of construction allowed.

· The process unit shall be integrated within a common plant site such that an independent operating and shutdown requirement for maintenance of other process units is not affected.  Facilities shall be provided for the isolation of a process unit when independent operation and shutdown is required for maintenance of that process unit.  Emergency isolation capability shall also be considered.

· Plant and equipment layout shall ensure that a safe means of egress is provided for personnel evacuation and access for emergency vehicles in the event of an emergency.  Egress routes shall be continuous (not necessarily in a straight line), unobstructed, marked and lighted.  Consideration shall be given to design leak scenarios in developing egress routes.
· Process lines, utility headers, power and instrumentation services shall be carried on overhead pipe racks at elevations designated for each service.  North-south and east-west piping and services shall be run at different elevations.

· Fire and safety equipment shall be located to maximize accessibility and minimize exposure to fires, explosions or releases.

· Equipment and piping noise levels shall be considered during process unit location and layout.  Noise studies and models shall be considered when appropriate.

· Equipment that handles flammable material shall be located downwind (considering prevailing wind direction) of fired heaters, boilers, or other equipment that can cause ignition.

· Layout shall permit full utilization of plant mobile handling equipment for construction, servicing, and maintenance from roads through and adjacent to the unit.

· Permanent handling equipment shall be limited to specific items that cannot be serviced manually or by mobile equipment.

· All special process requirements (e.g., gravity flow, self draining, critical Net Positive Suction Head, etc.) shall be addressed.

· In general, electrical power distribution equipment shall be located in an unclassified area and shall be located to minimize the length of power distribution conductors.  Consideration shall be given to minimize exposure of electrical equipment to damage from heat sources and chemical and particulate contamination.

· Catch basins, floor drains, and other flammable fluid spill collection points shall not be located under fixed ladders, stairways, low platforms or flammable/heat sensitive fluid storage equipment or close to egress points.

· Ergonomics, operability and maintainability shall be considered in all layouts.

· Design requirements for plant modifications and/or retrofit to existing plant facilities outside the overall plant boundaries shall be developed in strict compliance with applicable codes and in a case by case basis using the guidelines set forth in this Standard.
· Plant Design shall allow for adequate access for all normal operation/maintenance activities as well as fire fighting and major overhaul requirements.  Layout shall also consider such things as topography and prevailing wind direction which shall determine the proximity of flares, ignition sources, air intakes, etc., relative to potential leaks from equipment processing or storing inflammable or toxic liquids/gases.
· Process units shall generally be arranged in blocks bounded by roadways which will provide access from two directions to all process areas.  Four types of roadways/access shall be considered during the layout.

a)
“Primary Roads” are main through roads for large trucks and major maintenance equipment and vehicles.  (8.0m wide for two lanes with 1.5m shoulders)

b)
“Secondary Roads” are roadways that are not expected to be accessed by large trucks and major maintenance vehicles.  Generally they are not a through road.  (6.0m wide for two lanes with 1m shoulders)
c)
“Restricted Road” is any road within 7.5m of a potential release source of flammable or toxic material.

d)
“Access Way” is a clear path providing unobstructed access and escape for fire fighting, routine plant operations and maintenance.

· Tagged equipment numbering suffixes, i.e. A.B.C., shall follow the following convention:  A.B.C. from west to east or A.B.C. from south to north with P&ID equipment order to follow this convention.

· The following information shall be considered when preparing offsite plot plans:

a)
Prevailing wind direction

b)
True North as related to Plant North

c)
Location and elevation of railroads

d)
Location and extent of fencing (ERCB) Directive 057 shall be complied with, for Upstream Oil and Gas Production Facilities in Canada)

e)
Oil and Gas Commission Surface Equipment Spacing Guidelines (for locations in British Columbia).

f)
Location of gates

g)
Existing and original grade levels

· The following items shall be considered when developing overall site plans for process plants:

a)
Emergency response requirements

b)
Legal boundaries

c)
Adjacent land usage including hazards imposed by neighbouring facilities

d)
Nearby public facilities

e)
Public roads (including ability to access with heavy/large equipment)

f)
Public utilities and pipelines

g)
Rights of way and easements

h)
Local regulations (e.g. noise)

i)
Railroads

j)
Waterways

k)
Underground water features and water tables

l)
Meteorology

m)
Site data (e.g. contaminated soil, seismic, wetland, etc.)

n)
Topography

o)
Future development

p)
Community acceptance of the location

q)
Impact of emissions from the process units to the overall emissions profile

r)
Modelling results developed to determine potential impact of fires, explosions, and toxic releases
s)
Recommendations from process hazards analysis

t)
Government incentive

u)
Constructability

· Construction

a)
In order to achieve minimum on-site hook up and commissioning time, the Plot Plan development shall be optimized with respect to installation and hook-up requirements.

b)
During expansion of an existing site, the construction area shall have a separate entrance, gatehouse and boundary fence to keep free access for construction personnel and delivery of construction materials clear of the existing operating facilities.

c)
As a rule, a lay-down/construction area of minimal 100 – 150% of the area to be constructed is required.

d)
Access for lifting and removal equipment shall be provided.

e)
Adequate construction and support areas shall be provided for construction, materials, equipment lay-down, storage, temporary offices and accommodation.

f)
Support areas shall be as close as practical to the construction site to minimize transportation time for personnel and equipment.  However, if the support area includes occupied buildings, their location shall be considered with respect to nearby hazards form operating units whilst construction is under way.  The requirements of API 753 shall apply.
g)
Adequate space (including manoeuvring space) and access for heavy transport and temporary equipment/facilities required to allow effective handling and assembly of packaged units (modules) shall be incorporated in the design.
7.2 Spacing Charts 
· General

a)
Spacing distances between equipment shown in the spacing charts have been established based upon company and industry experience.  These minimum recommendations assume ordinary hazard protection, considering the factors listed in paragraph b) below.  Site/project specific hazard analyses may require increased spacing at the discretion of the Owner’s Engineer.

b)
Any reductions in spacings given herein, particularly between ignition sources and process equipment containing significant hydrocarbon holdups, shall be offset by increased protection or other means after conducting a site/project specific hazard analysis considering the following factors as a minimum.  Specific hazards shall use accepted modelling methods (see API RP752).
i.
Minimum regulatory requirements

ii.
Amount of flammable or combustible material in any given system

iii.
Potential for vapour cloud formation

iv.
Isolation capability, including consideration of remote isolation

v.
Ignition sources, including consideration of electrical equipment type

vi.
Electrical area classification

vii.
Effect of fire in a given unit or piece of equipment on major components of shared facilities (such as firewater pumps, boilers and electrical substations) and other units/equipment

viii.
Leak/fire potential considering past history, auto-ignition temperatures, etc. (e.g. hot oil pumps have a relatively high potential of fire)

ix.
Operating pressures

x.
Necessary proximity (see paragraph d) below)

xi.
Amount, location, and leak potential of toxic substances

xii.
Occupancy by people
xiii.
Warning and evacuation systems

xiv.
Operability and maintenance versus capital costs

xv.
Access for fire fighting

xvi.
Economic impact of loss of assets

c)
Firewater hydrants, monitors, and water spray deluge valves shall be located in accordance with Clients Standard and NFPA 24.

d)
Closely associated equipment such as compressors and inter-coolers, knockout drums, and pulsation drums, or exchangers and associated pumps may be located closer than spacing given in the charts if access for maintenance is provided and approval is given by the Owner.

e)
Process units are classified as high, intermediate, and moderate hazard groups dependant on their process hazards.  The spacing required between the various units is based upon the relative hazards of each process.  Typical hazard groups by process type, are listed in GE GAP Guidelines document “Hazard Classification of Process Operations for Spacing Requirements” GAP 2.5.2.A.

· Minimum spacing distances between equipment, units, plant and facilities shall be in accordance with the following spacing charts:
· Refineries and Petrochemical Plants Offsites Equipment: Std. Dwg. SAG10
· Refineries and Petrochemical Plants Process Units:  Std. Dwg. SAG11.
· Storage Tank Spacing Recommendations for Oil and Chemical Plants:  Std. Dwg. SAG12.
· Spacing requirements for Emergency Shutdown Equipment:  Std. Dwg. SAG13.
· 
Minimum Equipment spacing for SAGD Facilities Std. Dwg. SAG14
Terminology for Spacing Charts

a)
Property lines are the boundaries of Company property adjacent to a public thoroughfare or adjacent to land which is developed or may be developed by others.

b)
Main line railroads are those that carry fare-paying passengers or through freight.

c)
For definitions of combustible, flammable and unstable liquids see NFPA 30.

d)
Liquefied Petroleum Gas (LP Gas or LPG) is [API 2510 definition]:

“Any material in liquid form composed predominantly of any of the following hydrocarbons, or mixtures thereof:  propane, propylene, butanes (normal butane or isobutene) and butylenes”.  For purpose of defining spacing the qualification is added that the true vapour pressure must exceed 40 psia. (276 kPa).

e)
Spacing

i.
Spacing referred to herein is the clear, horizontal distance between adjacent edges of equipment or boundaries except as otherwise noted.

ii.
Where tanks are of different diameters, the largest tank diameter shall govern.

iii.
Spacing to pipe racks is the minimum distance to the adjacent stanchion column, the nearest edge of pipe rack, or future space allowance.

7.3 Maintenance

· Plant design and arrangement are based on the assumption that mobile equipment will be used where practical.  Built-in maintenance facilities generally will not be provided for grade-mounted or near-grade equipment accessible to mobile equipment.

· Where requested by Owner’s Engineer, monorail structures shall be provided to assist in servicing equipment not accessible to mobile equipment.  Suitable cranes, monorails, or davits shall be provided to handle equipment components, necessary portable tools and the like at maintenance stations over 30ft (9m) above grade or otherwise not accessible to mobile equipment.
7.4 Pumps

· To minimize damage to overhead electrical, instrument and piping runs in the event of fire, pumps handling flammable materials shall be located outboard of overhead pipe racks.  Pumps not handling flammable materials can be located in the same manner to maintain a uniformity of location.  Hydrocarbon pumps shall not be located under air cooled heat exchangers or other equipment containing hydrocarbons.
· When outriggers are used in an overhead pipe rack, the pump discharge nozzle shall be located 900 mm minimum from the outside edge of the outrigger.

· When no outriggers are used in an overhead pipe rack, the pump discharge nozzle shall be located 1500 mm minimum from the centre line of the pipe rack column.

· Pump nozzles shall be a maximum reduction of 2 nominal pipe sizes from line size.

· Pumps and connecting piping shall be arranged so the pumps and their drivers can be removed with mechanical equipment.

· Pumps shall preferably be located at the opposite side of fractionating equipment from furnaces.

· Pumps shall be located outside of fire or spill walls which surround tanks or vessels containing NFPA Class l, ll or lllA flammable and combustible liquids.  It is preferable that pumps not be located directly adjacent to these tanks in any case.
· Space shall be left in pump rows for future expansion, if practicable.

· Access to pump auxiliaries such as seal pots, starter button stations, motor terminal boxes, etc. shall be provided.

· Clearances for removal of pump, drivers, pump rods, impellors and other parts shall be provided.

· Access around pumps and between pumps shall be provided.  This shall include access to strainers, valves, flushing systems and instruments.

· Vertical pumps shall have appropriate overhead clearance for removal of drivers, shafts, impellers and other parts.

· Motor cable termination boxes can be large for voltages higher than 480V and need to be considered when determining pump spacing.

7.5 Compressors

· Large compressors shall be elevated sufficiently to permit piping and auxiliaries to be located below operating platform.  Small compressors shall be grade mounted with piping and auxiliaries arranged for convenient access and maintenance.

· Provide either a bridge or gantry crane for compressor components and unobstructed access for a mobile crane to permit easy removal of compressor.

· Shelters shall be provided for protection of equipment and personnel.  If a mobile crane is to be used for removal of compressor components, shelter roof and/or wall sheeting shall be designed in removable sections.  The design of the removable sections shall minimize the need for scaffolding for section installation and removal.

· Compressor lube and seal oil units, if located below the compressor, shall be offset from the compressor.

· If practicable, compressors shall be orientated as follows:

a)
Longitudinal axis of reciprocating compressor cylinders shall not be pointed toward control houses, or other continuously occupied buildings.
b)
The plane in which centrifugal compressor parts (rotors, turbines, etc.) rotate, shall not be in line with control houses or other continuously occupied buildings.
· Hydrocarbon compressors shall not be located beneath pipe racks or process equipment containing hydrocarbons.

· Clearance shall be provided so that lube oil consoles, large castings, rotating elements, and valves are readily accessible for maintenance.

· Clearance and adequate laydown areas shall be provided for maintenance activity equipment such as lifts for large compressor cylinders and pistons, casing and impellors for centrifugal compressors, and rotors for large motors.  Where two or more compressors are located within the same building, they shall be placed to ensure that maintenance activities will not require lifts over an operating compressor.

· All air compressor intakes shall be located to preclude intake of contaminants.

· Adequate space shall be provided for personnel on compressor decks and around compressor auxiliaries.

· Laydown areas on compressor decks shall be provided on elevated structures.
7.6 Vessels

· Vertical Vessels shall be placed on a common outside dimension parallel to the main pipe rack, unless design conditions or accessibility dictate otherwise.

· Horizontal Vessels shall be located to minimize piping runs and where practical, shall be lined up with their tangents on a common line parallel to the pipe rack.  The clearances stated in Paragraph 5.7.12 shall be maintained.  Vessels and associated piping shall be kept clear of established operating and access aisles.

· Davits are required on top of vessels to handle relief valves NPS 2 and larger, internals, and external components such as bridles where there is no access for mobile equipment (cranes) to perform the required work.  Where required, davits shall be oriented in such a way, as to permit the lowering of this equipment to a clear area at grade.
· Sufficient drop space (free of obstructions), oriented on the road side of the tower, shall be allowed for removal of tower/drum internals and relief valves.  Access for mobile equipment shall be provided to the drop space.

· Adequate space and access shall be provided for handling drums and/or tote bags at equipment such as dryers, reactors, etc., that require frequent catalyst changes or raw material charging.

7.7 Shell and Tube Heat Exchangers

· Shell and tube exchangers shall be located by lining up the backs of exchangers in the same manner as vertical and horizontal vessels, with the exception of exchangers requiring cooling water from an underground system.  These exchangers shall be lined up by channel nozzles, with the largest exchanger setting the distance from the pipe rack in a similar manner as indicated above.

· Shell and tube heat exchangers and connecting piping shall be arranged to provide adequate space for removal of channel sections and shell covers and for pulling tube bundles, or tube rodding.  Access-ways shall be provided for removing tube bundles from the exchanger location with mechanical equipment.
· Shell and tube heat exchangers shall normally be mounted or stacked at grade unless process conditions (e.g. condensing service) require elevated exchangers.  When a single shell is to be installed, consideration shall be given to designing the foundation, piping, and exchanger to accommodate the later addition of a future shell on top.
· For exchangers under drums or unit structures, or installed within unit structures, the channel end shall be accessible for handling, or removal of bundles, by mobile equipment or monorails.

· If equipment stacking is necessary, no more than three shells are to be stacked.

· For shell and tube heat exchangers that utilize dirty water on the cooling side of the exchanger, the exchanger and attached piping shall be designed to allow for back flushing and chemical washing the exchanger in situ.

· Nozzles for shell and tube heat exchangers shall be designed for ease of installation and removal of studs in both horizontal and vertical direction and ease of installation of bolt tensioning equipment.

· Where channel head supports are required, it shall be ensured that the supports do not interfere with tube bundle or tube bundle puller.

· Piping shall be located at least 1 foot (300 mm) behind the shell flange for access to bolting.  Valve stems shall point away from the shell flange.

· Stacked exchangers shall have a minimum of 18 inches (460 mm) between channel girth flanges.

7.8 Air Coolers

· Air coolers shall be located so as to provide for safe and practical access for operation and maintenance.

· Air cooled heat exchangers shall be preferably located at the opposite side of fractionating equipment from furnaces.  Hydrocarbon-containing cooling equipment shall never be located above occupied facilities such as control rooms.

· Surfaces of process equipment located beneath air cooled heat exchangers, which normally operate at or above the auto-ignition temperature of the liquid within the exchanger, shall be shielded or insulated such that the exposed surface is below the auto-ignition temperature.

· Air cooled heat exchangers shall be located and louvers arranged so that hot air will not contact operating platforms, etc.

· Condensers may be located directly over associated accumulators.

· Air cooler housings shall be equipped with two ingress/egress doors.
· Air coolers shall be located in the equipment areas or over pipe racks.

· Sufficient access for mobile equipment shall be provided to permit removal or replacement of tube bundles, fans and drivers.

· Air coolers shall not be located over a potential source of fire such as a light ends pump or hot oil pump with product at or over its auto-ignition point.

· Care shall be taken to keep bare hot lines or other hot equipment out from under the air in-take to coolers and also to prevent recirculation of heated air.

7.8.1 Double Pipe and Multi-tube Hairpin Heat Exchangers

· Double Pipe and Multi-tube Hairpin Heat Exchangers shall be placed at grade level to ensure maintainability.

7.9 Fired Heaters

· Furnaces and boilers shall be located near plot boundary for easy access.  Tube pulling shall generally be by mobile crane.  Adequate dropout and swinging space shall be provided.  External piping shall be minimized at the tube pulling end of equipment.  Road access shall also be provided at tube pulling end for mobile equipment.

· Where practical and economical, fired equipment shall be grouped together.  Common stacks are permitted when they are more economical; however, dampers or suitable barriers shall be provided in individual ducting to the stack.
· Prevailing winds shall be considered, and vessels, pumps, compressors and other equipment handling light hydrocarbons shall be located downwind of fired heaters to minimize the possibility of vapours being carried toward open fires.  Heater orientation and use of wind boxes shall be considered if operation would be affected by the maximum winds anticipated in the area.

· Fired heater stacks discharging vapours to atmosphere shall have a stack height ending at least 3.0 m above any operating platform within a 20 m radius.
· Grading under furnaces shall be sloped on one side to direct spills to a suitable drain point.
· For fired heaters in liquid hydrocarbon service, a suitably design system to collect firewater run-off, storm water run-off and equipment drips/leaks shall be included.  For example, this may include a catch basin and oily water sewer system.

· Space and provision for pigging of furnace tubes shall be allowed for in furnace layouts.

· Sufficient access and clearance shall be provided for removal of soot-blowers, air pre-heaters, burners, fans, etc. and for operation of pressure relief doors.

8.0 Pipe Racks

· New pipe racks shall be sized for present needs plus 25%.  This practice assumes a contingency of 10% at the outset of the job, but anticipates this will have been used upon completion of engineering, leaving 15% for future needs.

· The arrangement for process unit pipe racks is to have process lines on the lower level(s) and utility lines on the upper level(s).  Cable trays are to be placed on the upper utility level when space is available, or they shall be placed on a separate level above all pipe levels.

· Group hot lines together towards the outside of the pipe rack to maximize length of expansion loops and provide for maximizing loop “nesting” across rack width.

· Large bore, heavy wall and large liquid lines shall be positioned towards the outside of the pipe rack, to minimize loads on the structure and foundations.

· Lines in acid, caustic or other corrosive services shall be located on the lower pipe rack level.  Flanged joints shall not be located above access ways or platforms.  Overhead flanged joints in these services shall be fitted with spray shields.

· Lines outside process units shall be run at grade on sleeper ways.

9.0 
        Clearances

· Overhead Clearances

Equipment, structures, platforms, piping and its supports shall be arranged to provide the following minimum, overhead clearances:

	Over railroads, top of rail to bottom of any obstruction
	6.75 m

	Over plant roads, for major mobile equipment [as a minimum, one access road shall have an overhead clearance of  25’ 0” (7.62 m).  Special overhead clearances more than 25’ 0” (7.62 m) shall be established in the beginning of the project between construction, operations and maintenance personnel.]
	6.0 m

	At pump row access way, nearest obstruction
	3.5 m

	Over pumps and turbines, from high point of grade
	2.5 m

	Overhead walkways, passageways, and platforms, to nearest obstruction (except at dead ends)
	2.3 m


· Horizontal Clearances

Structures, platforms, piping and its supports shall be arranged to provide the following minimum horizontal clearances:

	Under pipe racks, between driver end of pumps, where access for a mobile is required
	5.5 m

	Operating aisles
	1.2 m

	Back of control panels
	1.2 m

	At shell cover end of exchangers elevated or at grade, for access and removal
	2.0 m

	Maintenance platform at channel end of elevated exchanger
	1.5 m

	Maintenance platform at shell cover end of elevated exchanger
	1.0 m

	In front of manways (**In areas of high maintenance activity as identified by Owner’s Engineer where, for example removal of catalyst, trays or other large internals are required, clearance may need to be increased up to as much as 8’ 0” (2.44 m)
	900 mm

	Minimum passageways at grade and on elevated platforms
	750 mm

	Between extremities, including piping of adjacent pumps
	750 mm

	Between extremities, including insulation of paired exchangers or vessels
	750 mm

	Between piping and handrails, or between other obstructions where occasional access is required for maintenance only
	750 mm


10.0    
Access for Maintenance
· Access to Exchangers

Whenever possible, tube bundles shall be removable with a mobile crane and tube bundle extractor.  Permanent monorail structures shall be provided only where crane access is impractical.  Where required, the monorail shall extend far enough beyond exchanger channel end to permit full use of hoists to pull and lower tube bundle to grade.

Where built-in handling facilities are not provided, clear space for tube-bundle removal by mobile crane shall be provided.  A clearance 1 ½ times the bundle length, or 12 m, whichever is greater in front of the exchanger measured from the tube sheet shall be provided.

Exchangers longer than the standard 6.0 m length shall be handled on a case by case basis (such as use of special bundle pullers).

Davits or other suitable means shall be provided to handle exchanger shell covers not accessible to mobile equipment.

· Catalyst Loading

Adequate space shall be provided for handling and storage of catalysts (both fresh and spent), including mobile equipment access where appropriate.

· Lowering Areas

Clear areas shall be provided at grade on the access side of elevated equipment for lowering external and internal fittings and attachments.

10.1.1 Access-ways, Platforms, Ladders and Stairways

· Platforms, ladders and stairways shall be the minimum consistent with access and safety requirements and shall meet the requirements of all Federal, State, and Provincial Standards, and the requirements of the Occupational Safety and Health Administration (OSHA) or O.H. & S. legislation.  Ladders shall be installed such that the personnel shall face the equipment while ascending and/or descending.

· Ladders, walkways, and platforms of adequate size shall be provided for access to and for operation, observation, inspection (including associated piping corrosion monitoring locations), maintenance of gage glasses, operating valves, control and relief valves, manholes, catalyst loading, and for installation of blanks when required for proper plant operation, plant shutdown, or vessel entry.  Ample allowance shall be made for piping, instruments, manifolds, attachments, etc. which might extend beyond the basic dimensions of the equipment.
· Ladders shall serve as the means of access to vessel platforms, air cooler walkways, relief valve platforms, and all areas not defined as main operating levels.

· Platforms with stair access shall be provided at locations which must be serviced once or more per 8 hour shift, such as furnace firing platforms, boilers, air coolers, all multi-level structures, and at locations where the equipment requires frequent servicing.
· Platforms with ladder access shall be provided at exchangers with centreline 10’ 0” (3 m) or more above grade and any locations which require operating access less frequently than once per 8 hour shift.  Platforms with ladder access shall also be for locations which require access for maintenance, including column or vessel manways, nozzle flanges, relief valves, removable heads or covers, top flange of vertical reboilers, etc.

· Stairways shall have sufficient clearance to permit unobstructed passage for plant personnel.
· Platforms serving vertical and horizontal exchangers shall not interfere with removal of the channel end or bundle.  Removable handrails shall be provided where appropriate.

· Platforms around furnaces shall allow plant personnel unobstructed access at end around piping manifolds, instruments, viewports (both ends on bottom fired heaters), piping flanges (for blanking), stack nozzles and dampers, access doors, and furnace appurtenances.
· Side vessel platforms shall be either 900 mm below the manway centerline or 300 mm  below the bottom edge of the manway flange, whichever gives the greater clearance.  Vessel manway covers shall swing away from ladders coming up from below.  Platforms and ladders at manway locations shall be designed so that the platform and/or ladder is not obstructed when the manway cover is open.  Vessel ladders shall have entry/exit on one side only at the same elevation.

· The distance between the edge of equipment and the pipe rack shall be set so that there is operator access to equipment and graded level instruments.

· Stairs and ladders shall not obstruct access to instrumentation items.

· Stairs and walkways shall be provided over grade level piping for safety and operating access at all points where personnel crossing is necessary or desirable.

· Air cooled heat exchangers:  Access platforms and ladders shall be provided to all headers (both ends), fans, fan drivers and louver actuators.  In addition the following design criteria shall be met:
a)
Motor and fan access platforms shall be full width and length of the exchanger unless otherwise approved by the Owner.

b)
Motor and belt guards shall be easily reachable from the standing position.  Maximum height of the retainer bolts shall be 2.0 m.  Belt guards shall be hinged with provisions to allow lowering with a pulley arrangement or chain-fall.

c)
Minimum clearance under the exchanger shall be 1.9 m.

d)
Design and configuration shall allow for mechanically assisted removal of motors, fans, etc. with provisions for lowering to grade.

· Consider combining or connecting platforms on adjacent, closely spaced equipment.

· Dual Access Requirements shall be provided as follows:

a)
Where the distance from a ‘dead end’ walkway to a ladder or stairway is greater than 6.0 m.

b)
Elevated platforms 3.0 m or more above grade serving three or more vessels, when lack of such means might prevent escape of personnel.

c)
Any platform serving fired process equipment.

d)
Any platform serving two or more pieces of equipment which are concurrently maintained or operated.

e)
Large elevated structures, if any part of platform has more than 23.0 m of travel from a single access.

· Ladder Requirements shall be provided as follows:

a)
Side access ladders are preferred to front access ladders.
b)
The maximum straight run of ladder between landings without offset is  6.0 m.  Where codes permit straight ladder runs exceeding 6.0 m, this is only to be used with operations and maintenance approval.

c)
The maximum allowable slope of ladder from vertical is 15 degrees.

d)
Wherever practicable, ladders shall be arranged so the user faces toward equipment or structures rather than facing open space.

e)
When intermediate platforms are used, each ladder section shall be offset from adjacent sections.

10.2 Tanks and Storage Vessels

· Tank spacing and location shall be in accordance with NFPA 30, NFPA 58, G.E. GAP 2.5.2 and API 2510 as appropriate.  If there are adverse conditions, such as poor fire protection water supply, difficult fire fighting, poor accessibility, poor diking or poor drainage, increase the spacing by at least 50% over that required in spacing charts.  Treat crude oil as highly flammable.

· Since piping involved in ground fires usually fails within 10 to 15 minutes of initial exposure, locate an absolute minimum amount of piping, valves and flanges within dikes.  Install pumps, valve manifolds, and transfer piping outside dikes or impounding area.

· Off-site storage shall be set at a lower elevation than the process units wherever possible.  Whether inside or outside the battery limits, the storage area shall not be located at a higher elevation then the process unit.

· Do not group or dike different types of tanks and contents together.
· Arrange atmospheric storage tanks and pressure vessels in rows not more than two deep and adjacent to a road or access way for adequate fire fighting accessibility.

· Walls of a diked area shall be or earth, steel, concrete or solid masonry and be liquid tight to withstand a full hydrostatic head.  Tanks shall have at least one side adjacent to an access road.

· Where tanks over 500,000 bbl (80,000 cu m) are present, increase maximum distances to 1,000 ft (305 m) spacing between them.

· Space tanks so the thermal radiation intensity from an exposing fire is too low to ignite the contents of the adjacent tanks.  Tolerances of tanks to thermal radiation can be increased by:

a)
Painting vessels a reflective colour, (generally white or silver)

b)
Providing a fixed water spray system or tank shell cooling system

c)
Insulating or fireproofing the tank shell

· Dike crude oil tanks individually.

· Limit the volume contained in a diked area to 400,000 barrels (64,000 cu m).

· Limit the number of tanks in one diked area to 12.

· Remote impounding is the control of spillage by means of drainage to a remote impounding area, so that liquid will not be held against tanks.  Such systems shall comply with NFPA 30 for sloping, capacity, fire protection routing and distances from property lines.

· Atmospheric Storage Tanks

a)
Classify internal floating roof tanks as floating roof tanks when pontoon internal floaters are provided.  When plastic, aluminum or a steel pan are used in the construction of the internal floater, classify the tank as a cone roof tank for spacing purposes.
b)
Floating Roof Tanks:  Store crude oil and flammable liquids (Class 1) in floating roof or internal floating roof tanks.  Arrange floating roof tanks in excess of 300,000 barrels (47,000 cu m) in a single row.  If multiple rows are necessary, space tanks further than one diameter apart.

c)
Cone Roof Tanks:  Combustible liquids (Class II and III) shall be stored in cone roof tanks with the following limitations or exceptions.

i.
Cone roof tanks in excess of 300,000 barrels (47,000 cu m) present an unacceptable amount of potentially explosive vapour space, even if storing heavy oils.  In such cases use only floating roof tanks.
ii.
Do not store liquids with boil over characteristics in cone roof tanks larger than 150 ft. (45.8 m) in diameter unless an inerting system is provided.

iii.
Avoid storage of flammable liquids (Class 1) in cone roof tanks.  If cone roof tanks are used for flammable liquids storage, restrict the tank size to less than 150,000 barrels (23,850 cu m), provide an inert gas blanket, and increase spacing.

iv.
Space cone roof tanks storing Class IIIB liquids, operating at ambient temperatures, as “Floating and cone roof tanks smaller than 3,000 barrels (480 cu m)”.
v.
Increase separation of cone roof tanks in excess of 10,000 barrels (1590 cu m) containing combustible liquids stored at a temperature higher than 200ºF (93ºC).

vi.
Fixed roof tanks with dome roof are limited to 60 ft (18 m) in diameter.  Fixed roof tanks with cone roof can be up to 300 ft (91 m) in diameter and 64 ft (19 m) in height.

vii.
In areas of extreme atmospheric conditions like heavy snow/rain, floating roofs shall be covered by either a cone or a dome roof.  The space between the fixed and the floating roof shall be vented.

· Pressurized and Refrigerated Storage Tanks

a)
Low Pressure Tanks

Low-pressure API 620/650 tanks are those operating in the pressure range from 0.5 psig (3.447 kpag) to 15 psig (103.4 kPag).  API-650 tanks can be designed up to 2.5 psig (17.23 kPag), and can have either cone or dome roofs.  API-620 tanks can be used up to 15 psig (103.4 kPag) and are dome roof.

b)
LNG & LPG Storage

The latest issue of NFPA 59A “Standard for the Production, Storage and Handling of Liquefied Natural Gas (LNG) and API Standard 2510 “Design and Construction LPG Installations” shall be reviewed before layout has begun.  These give dike, equipment spacing requirements and locations relative to site boundaries.  
                        c)      Spheres and Spheroids

Provide spacing between groups of vessels of at least 100 ft (30 m) or the largest tank diameter.  Limit each tank group to a maximum of six vessels.

d)
Drums and Bullets

Limit horizontal pressurized storage vessels to not more than six vessels or 300,000 gallons (1136 cu m) combined capacity in any one group.  Provide at least 100 ft (30 m) or (for tanks over 100 ft (30 m) diameter), the largest tank diameter between groups.  Align vessels so that their ends are not pointed toward process areas or other storage areas, as these vessels tend to rocket if they fail during a fire.  Avoid multiple row configurations.  Do not locate pressurized storage vessels above each other.  

e)
Refrigerated Dome Roof Tanks

Provide spacing between groups of tanks of at least 100 ft (30 m) or (for tanks over 100 ft (30 m) diameter), the largest tank diameter.  Limit each tank group to a maximum of six vessels.  Provide greater spacing if exposed combustible insulation is used on the tanks.

f)
Pressure storage vessels shall be installed in a remote and isolated location downwind from fired or ignition source equipment, if practicable.

g)
Process area pressure storage shall be minimized and limited to the volume necessary to maintain process operations.

h)
The grade beneath and around pressure storage vessels shall be sloped to drain any release away from the vessels.  The slope shall be towards a safe area away from other equipment.
10.3 Roads and Paving

· A route through a plant with an overhead clearance of at least 9.0 m to facilitate the movement of new vessels or modules to an expansion project shall be provided.  Height could be based on the maximum highway shipping height.
· Access-ways shall be provided for entrance into the unit site and within the site as required for movement of maintenance equipment.  Equipment shall be positioned to permit maximum use of motorized maintenance equipment.

· Access-ways shall be provided as follows:

a)
Under pipe racks as needed to permit crane access for routine maintenance and removal of equipment.

b)
To reactors as needed to permit catalyst transfer vehicles to reach the area near the catalyst unloading nozzles.

c)
At compressors as needed to permit vehicles such as flat-bed trucks to enter a dropout area and remove components using mobile or permanent handling equipment.

d)
Around other equipment as required by Owner.

· Paving shall extend as follows:

a)
To the outside edge of the supporting column piers of such equipment as bottom oil-fired or combustible-liquid-containing furnaces and elevated structures supporting coke drums, etc.

b)
Around groups of two or more pumps located outdoors.
c)
Around catalyst containing vessels.

d)
Around compressors and their related servicing equipment (e.g., lube oil consoles).
e)
Around equipment in dirty service that requires frequent turnaround maintenance (e.g., filters, exchangers) etc.

f)
Around equipment handling toxic liquid.

· Curbs required to retain spilled material shall be 6 inches (150 mm) wide minimum.  Curb height shall be specified to contain the required spill volume.

· Strategies for the containment of contaminated fire water shall be incorporated.

11.0 Satellite Shelters

Satellite shelters or windbreaks shall be required depending on distance from central control building, percentage of time operating personnel must remain in area, importance of function and weather.

12.0 Modules

Early in the design phase, consideration shall be given to the use of prefabricated modules for pipe rack, process structures, stairways, and miscellaneous small equipment, where economics, schedule, and/or site conditions or location dictate.  Use of modules shall not supersede the functional design for operations and maintenance. 
 Buildings

· Buildings and control room locations shall be analysed to determine if the location and construction type are appropriate for potential hazards from the process areas.  Potential hazards include fire, toxic release, and vapour cloud explosion.

· API “Recommended Practice 752 – Management of Hazards Associated with the Location of Process Plant Buildings” with the owner’s hours of building occupancy, provides a framework for Building Siting Assessment.  Review building locations with Process Safety Specialist during plot development.

· Unit Electrical sub-stations or motor control centres shall preferably be located off plot.  If located on plot, with approval of the Owner’s Engineer, then they shall be a minimum of 15 m from hydro-carbon equipment.

· All critical buildings in a hydro-carbon processing area shall be designed using the Blast Resistance parameters.  (e.g. Instrument I/O buildings)

· Deluge buildings or deluge valves shall be located on plot 15 m from the hazard.

· High occupancy buildings, such as administration/office buildings, maintenance shops, cafeterias, change houses, laboratories, living quarters (camp), and the like shall be located as far as possible, or practical, from hydro-carbon handling areas, or areas subject to possible explosion/high fire hazard.  Windows shall be eliminated on sides of buildings facing process areas.

· Power plant, boiler plants and main electrical substations shall be located such that exposure to fires that might occur in the process areas is minimized.

13.0 Overhead Power Lines

Overhead power lines shall not be allowed within 60 m of:

a)
Process battery limits

b)
Tank farms

c)
Storage tanks

d)
Vessels or equipment with a heat or radiation zone

14.0 Emergency Assembly Areas & Egress Routes

Plant layout shall include emergency assembly areas and safe egress routes in case of a major fire or gas release.  They shall be clearly indicated by means of signs, or other recognizable landmarks.

15.0 Truck and Rail Loading Facilities

· Tank truck loading racks shall be located near the plant gates to avoid truck traffic through the plant.  Spacing shall be 60 m from process areas and 45 m from tankage areas.

· Tank truck loading stations must be provided with adequate space and roadways for safe truck manoeuvring and parking as well as access to a weigh scale, where included.

· Loading and offloading of different hazardous materials shall be done from different stations.

· Rail loading stations must have adequate allowance for rail spur track for shunting and parking, and be located outside hazardous area.
· Railroad spacing and clearances shall be per American Railway Engineering Association standards.

· The latest issue of API 2610, “Design, Construction, Operation, Maintenance and Inspection of Terminal & Tank Facilities” shall be reviewed before layout has begun.

16.0 Cooling Towers

· Cooling towers shall be located downwind or crosswind (based on prevailing wind direction) of buildings, process units, and electrical substations and equipment.

· Spacing and location shall be selected to minimize corrosion, ice formation and visibility problems that might result from impingement of the cooling tower exhaust plume on adjacent high structures.

· The location of cooling towers with respect to roads shall be considered carefully as the fog created under certain conditions of temperature and humidity presents a serious driving hazard.  If necessary, roads shall be provided on both sides of critically located cooling towers.

17.0 Fire Protection

· Fire protection systems shall comply with the requirements of all appropriate codes and standards referenced therein.
· Fire proofing of structures and equipment shall be provided where appropriate.

18.0 Flares

· Location, spacing and height of elevated flares are a function of permissible radiant heat densities, possible burning liquid fallout and pollution considerations.

· The latest issue of API RP 521 “Guide for Pressure Relieving and Depressurizing Systems” shall be used for an engineering/safety review before layout has begun to determine location of flare.

· The minimum permissible distance from either the property line and/or any source of ignitable hydrocarbons and the base of the flare stack requires an engineering/safety decision.

· Flare location and height must meet all applicable standards of noise level and atmospheric pollution by combustion products.

· Flare elevation and spacing must not exceed permissible radiant heat densities for personnel or equipment at grade, plant boundaries, and public roads or waterways, under conditions of maximum heat release.

· Where there are multiple flares that are to be taken out of service independently for maintenance, spacing between the flares shall be determined by an engineering/safety review.  Platforms and ladders shall be shielded to permit escape from the direct effects of radiant heat from a potential large release from flares that are in service.
· Ground flares shall be located an unobstructed distance of at least 75 m to 150 m from a refinery facility or property line.

19.0 Human Factors Engineering in Project Design

· The layout shall be adequately designed with respect to Human Factor requirements.  Human Factors (or ergonomics) is the integrated knowledge of human capabilities, limitations and needs in the interaction between people, technology and the working environment.  This shall be applied to the design of work systems, workplaces and products with consideration for effectiveness, efficiency, safety and health, the objective of improving the performance of operational and maintenance tasks.

· Benefits of Human Factors can be identified in relation to cost savings and safe working conditions and will in most cases result in overall reduced life cycle costs of the facilities.

· During the design, construction and installation phases sufficient attention shall be given to the human-machine interface.  In order to ensure that working environment and critical HSE performance factors are adequately addressed and to minimize the need for rework during commissioning, the layout of critical areas shall be adequately designed with respect to Human Factors requirements and standards.

· The design of workplaces shall be based upon anthropometric data relevant to the intended workforce.  In determining the comfort requirements for the working environment, (for example noise, temperature, weight limits, and illumination levels) reference shall be made to International Standards.
· Particularly for areas where manual intervention will be high, a proper Human Factors assessment of the activities shall be carried out in order to arrive at an optimum layout for the human working environment.  Analysis shall address the routine, non-routine and emergency activities.
20.0 Air Separation Units (ASU)

· The Owner shall be consulted for safety spacing requirements for Air Separation Units.

· For the location of the ASU as well as for the distribution manifold of the oxygen with the related valves, several factors are to be given due consideration:

a)
Oxygen leakages, especially in the form of liquid oxygen can easily create oxygen concentrations well above the auto ignition levels for combustible materials like hydrocarbons and clothing.

b)
Access to the ASU shall only be when necessary, unnecessary walk through the unit as a short cut shall be prevented.

c)
Risk of contamination with hydrocarbon from neighbouring units shall be minimized.

d)
Buildings near the ASU, which are continuously occupied, shall be designed using the blast resistance parameters.

e)
The ASU air intake shall be located with an orientation and elevation that takes into account potential ingress of all possible emissions from within the plant or external to the plant.

f)
Aggregate risk to employees and public shall be considered in siting ASU’s.

21.0 Filters

· Basket filters and strainers

a)
Access shall be provided for removal and cleaning of elements.  Lift points, monorails or crane access shall be provided to handle weight of basket and contents.
b)
For special filters, the manufacturer’s recommendations shall be carefully followed concerning removal and operating clearances.

· Process Filters

a)
Special precautions (ventilation, vapour hoods, spray nozzles, extractor fans, etc.) shall be needed if the liquids are toxic or inflammable.

b)
The floor shall be designed so that it can be washed and drained.

c)
For larger filters having internals such as plates, lifting facilities shall be needed.  An area shall be provided if required for storing cloths or filter media and for cutting filter cloths.

22.0 Spiral Heat Exchangers

Sufficient space shall be allowed on either side of spiral heat exchangers to allow for a clear cover plate swing area.

23.0 Plate Heat Exchangers

Sufficient space shall be allowed for plate removal from plate heat exchangers.

24.0 Mixers

Access to manways and the drive mechanism shall be provided, as well as space to remove the whole or parts of mixer for maintenance purposes.

25.0 Fans

Adequate space, access and headroom must be allowed for removal of impellors, shafts, motors, etc. particularly for dirty or corrosive duties.
26.0 Mechanical Conveyors

· A combination of horizontal belt conveyors and vertical bucket elevators gives maximum flexibility with regard to plant spacing.

· Belt conveyors can be used to a certain angle with the horizontal (generally inclined up to 20 degrees and declined up to 15 degrees).  Usually fine granular materials can be conveyed at steeper angles than course or lumpy material.  Conveyors of some manufacturers can be inclined more steeply depending on belt type.  Manufacturers shall be consulted before layout proceeds.

· A maintenance walkway, 750 mm wide shall be provided alongside belt conveyors, located approximately 750 mm below the belt line.

· It is advisable to consult manufacturer on layout and operation/maintenance aspects of both belt and bucket conveyors.

27.0 Pneumatic Conveying

Pneumatic conveying systems require selection of a number of specialized components and materials dependant on product to be transported.  Manufacturers of these systems shall be consulted to achieve the best design and layout.  Equipment layout is generally influenced by long sweep elbows in the piping system.
28.0 Specialized Equipment

Specialized equipment shall be laid out in consultation with the manufacturer.

29.0 Piping Layout

29.1 Pipe Routing

· All process and utility piping shall be located above grade where possible.  Installation of piping in trenches shall require approval of Owner’s Engineer.

· Piping shall be arranged in an orderly manner and routed as directly as practical preferably in established banks or pipe racks, so as to offer minimum obstruction to maintenance operations and fire fighting.

· Piping shall run at different elevations designated for north-south and east-west banks, and shall change elevation when changing direction.

· Lateral pipe racks interconnecting two parallel pipe racks shall be at least 25 m apart if the laterals cross major access-ways.  This provides space for raising and lowering crane booms.

· Pipe-ways shall be installed outside of areas enclosed by fire walls or spill walls.
· Piping outside of main pipe racks shall parallel main pipes wherever possible, on outrigger steel at same elevation as pipe rack support members.
· Where located at ground level, runs of lines shall not obstruct any maintenance, operational access-ways, or emergency egress/access.  Where crossing of walkways is unavoidable, the lines shall be provided with stiles.

· Relative elevations of pipe racks shall be set to provide sufficient clearance between lines at cross-overs.

· Flat turns, to eliminate extra valves, vents and drains, at changes in direction shall be used where the layout of piping is sufficiently advanced to ensure that the flat turn will not cause interference or block future line extensions or additions.

· Lines identified on the P&ID as requiring special consideration such as “free draining”, “no pockets”, “slope requirements”, “2 phase flow”, etc. shall be specially studied at an early stage of the design to ensure minimal impact on civil/structural design.
· Dead legs and pockets in lines shall be avoided.  Dead leg here is intended to mean any pipe section which cannot have flow through it.
· Pipe spacing for bare & insulated lines shall follow Standard Drawing SAG1
· Requirements for piping spacing around equipment shall be considered in the layout.

· The minimum horizontal walkway clearance between piping and any maintenance access for mechanical equipment shall be 900 mm.
· Exchanger piping and pipe supports shall be located so that they do not interfere with the removal of channel covers, channels, or tube bundles.  Breakout flanges shall be provided where required.

· Fired heater tube removal areas shall be kept clear of all piping and pipe supports.

· Maintenance areas shall be kept as clear of piping as possible.

· Piping at equipment such as pumps, compressors, turbines, etc. shall be arranged to permit equipment removal without dismantling adjacent equipment or piping.  Adequate access shall be provided, including clearances for air-operated tools, wrenches, cleaning equipment, inspection, and both removal and replacement of equipment components such as guards, pump seals, couplings, motors, and pumps.  Pump seal coolers shall be located so as to not interfere with coupling access on both sides.

· When work on equipment requires use of personnel protective equipment such as air-line respiratory protection, SCBA’s, full body protective apparel, etc. sufficient clearance shall be provided to allow unrestricted use of such equipment.

· Valve handles and actuators for block valves installed in suction and discharge lines of pumps shall be oriented to be accessible for operation and maintenance.

· All valves which must be frequently operated (accessed and operated > one time per week), are critical to plant operations, or need to be accessed and operated quickly, such as during emergencies, shall be accessible from grade, platforms, or stairways.  This includes main header block valves for process piping conveying flammable/toxic materials.  Such valves shall be located such that the centerline of the valve stem is located between 950 mm and 1700 mm above grade or platform; however when access is via stairway, centerline of the valve shall be located 150 mm to 650 mm above the handrail.  When access is via stairway, valve handle shall be a maximum of 500 mm from the handrail when the valve stem is parallel to the handrail.  When valve stem is perpendicular to the stairway, the valve handle shall be a minimum distance form the handrail to prevent stem from protruding into the stairway.

· Infrequently operated valves, NPS 4 and smaller, which are to be located more than 2.2 m above grade, shall be arranged for access from a 4.5 maximum length portable ladder; for example, branch block valves at utility headers, valves at orifice flange taps, etc.
· Frequently operated valves located in trenches, shall be provided with extension stems extending to within 100 mm below the cover plate if the hand wheels are more than 300 mm below the cover plate.
· Manually operated valves, which are used in conjunction with locally mounted flow indicators, shall be arranged such that the flow indicators are readable from the valve location.

· Vents and Drains – See Appendix 1

· Straight run requirements for metering – See Appendix 2

· 
Control valve by-pass piping shall be positioned a sufficient distance from the control valve to permit a full range of maintenance activities.  The following clearances shall be provided between the top of the control valve actuator and the bottom of insulation on the by-pass:

	VALVE
	ACTUATOR
	CLEARANCE

	<NPS 8
	< 1 m
	300 mm

	<NPS 8
	> 1 m
	900 mm

	>NPS 8
	--
	900 mm) w/offset bypass.  Offset shall be  150 mm > than diameter of actuator.


· Operating drains subject to plugging, shall terminate at a minimum distance of 250 mm above grade to facilitate access for draining, unplugging, and removal/installation of threaded caps/plugs.
· Future pipe rack space shall be provided as specified in Paragraph 5.7.11.

· Avoid compound angles in piping configuration, unless absolutely necessary.

· Personnel protection insulation shall be applied to pipe or equipment up to 2.2 m above a walkway or platform and within a 750 mm lateral direction from a walkway or platform.
· In dirty cooling water systems, all branches from headers shall be taken off from the top of the header.

· Lines carrying molten solids or materials of high viscosity shall be self draining.

· The preferred lowest point of all flanges or insulation shall be a minimum of 150 mm above grade or platform.  The preferred bottom of the line shall be a minimum clearance of 460 mm above grade or platform to accommodate drain valves.  Localised depression in the floor to install drain caps/plugs is not acceptable.

· Provide adequate space for installing extra long bolts/studs where a hydraulic bolt tensioning device will be applied.  Special attention shall be paid to potential interferences with butterfly valves and instrument connection locations.

· To accommodate the placement of electric or steam tracing cable on piping, the inside diameter of the insulation shall be increased.   This requires that adjustments be made in the pipe spacing.
29.2 Pipe Flexibility
· Piping shall be designed with sufficient flexibility to absorb stresses due to line expansion or contraction as a result of operating, steam-out, or ambient conditions, expansion or contraction of connected equipment and settlement of equipment or tankage.  Refer to paragraph 5.17 for pipe stress analysis requirements.

· Stresses due to thermal expansion or contraction shall be analyzed by the methods in ASME B31.3 or ASME B31.1 as applicable.

· Where the layout does not provide sufficient flexibility the following shall be used, in order of preference:

a)
Expansion loops with guides and anchors.

b)
Spring loaded supports or hangers where rigid supports restrict line movement or cause overstressing of the line.

c)
Cold springing.

d)
Expansion joints with guides and anchors, when approved by Owner.

29.3 Stress Critical Piping

· Where dynamic loading, minimal flow conditions or other severe service conditions apply, piping shall be carefully designed and checked to ensure that its size, configuration, mechanical strength, supports and restraints will prevent excessive stress, pressure drop, vibration or noise.  Line Designation Table shall state when lines are carrying two (2) phase flow, and are subject to slug flow.  Refer to paragraph 5.17 for pipe stress analysis requirements.

· Dynamic loading is to be expected when pulsating flow (such as at reciprocating compressors), high velocity flow, flashing fluid, fluctuating temperature or pressure or mechanical vibration (including wing) conditions exist.

· Limited pressure drop conditions are to be expected in large vapour lines, heater transfer lines, reboiler circuits, pump suctions and gravity flow lines.  Such piping shall be routed as directly as practical.

· Other severe services include erosive, corrosive, high or low temperature or pressure conditions or any fluids containing solids.  Many such services require alloy or special materials or the use of long radius bends.

29.4 Severe Cyclic Service
· Piping shall be designed per ASME B31.3, Section 302.3.5 and ASME Section VIII Div. 2, Appendix 5.  Inspection for piping in cyclic loading shall be;

a)
Visual examination shall be carried out on 100% of the welded joints and components.

b)
100% radiography is required on all girth, longitudinal and mitre groove welds including “sweep-o-let” branch welds.

c)
Magnetic particle or liquid penetrant examination shall be carried out on all welds not radiographed.

d)
Ultrasonic (UT) Examination may be used in lieu of radiography.
· Where appropriate, Process Engineers shall put notes on P&ID’s instructing the detailed disciplines to design for cyclic flow.  LDT’s and appropriate data sheets will also have these notes.

· Mechanical Engineers must pay particular attention to equipment in cyclical flow, and ensure that vendors are informed.

· Supports on lines in cyclic flow shall be attached using continuous fillet welds where appropriate.  No stitch welding designs are permitted.  Weld contours shall have no sharp transitions and no radii less than 3/8” (9 mm).

· Where fittings are manufactured with one or more seams, all accessible weld roots and caps shall be removed by grinding.  Grinding shall be longitudinal to the pipe axis (or transverse to the welding direction) any grind marks shall be buffed out smooth.
· Supplementary S7 testing is required on all welds in A672 pipe.  One weld per batch shall be hardness tested to Supplementary S3.  All hardness readings shall be less than 200 BHN.

· All valves shall be bolted bonnet or full penetration weld.  No socket welds or threaded connections of any kind are permitted.

· Slip-on flanges are not permitted.

· Refer to paragraph 5.17 for pipe stress analysis requirements.

29.5 Seismic Loads

· If the geographic region is susceptible to earthquakes, the anticipated earthquake loads shall be established.  For Canadian installations, refer to the National building Code (NBC) for earthquake zone ratings.  For U.S. installations refer to applicable earthquake zone loadings, for example UBC or ASCE.

· A piping system in an earthquake region shall have sufficient flexibility to absorb large movements without leading to excessive strain or failure.  The following aspects shall be carefully examined and, where necessary, adequate measures shall be taken:

a)
Piping shall be provided with sufficient flexibility between two anchor points, taking into account that the two anchor points respond in different modes during an earthquake.

b)
Piping offsets, expansion loops, etc. are normally only provided for absorbing thermal movements.  Suitable limit stops shall be provided to restrict this movement in the event of a seismic shock.
c)
Supports for branch-off pipes and supports for vital control equipment shall be determined by careful scrutiny.

d)
Instrument lead pipes shall have sufficient flexibility to absorb seismic movements of the columns, pipe rack and/or structures to which they are attached.

e)
Piping going through bund walls, building walls and floors shall be provided with sleeves large enough to allow for the anticipated differential movements due to seismic loads.

· In earthquake regions the following pipe supporting aspects require further scrutiny:

a)
Providing additional limit stops for both horizontal and vertical pipes with horizontal thermal displacements, thus preventing further movement in the event of a seismic load shock.

b)
Providing restraints for risers (vertical piping, usually with wind load guides) in the longitudinal pipe direction, thus preventing the pipe jumping in the event of a seismic shock force.

c)
Providing additional guides at column resting supports.

d)
Providing sway braces or sway struts.

e)
Providing snubbers.

f)
Providing jump restraining pipe clamps or clips, thus preventing the pipes from jumping off their support member (especially for horizontal pipes running along pipe racks or pipe track in places where no branch off pipes are holding the pipe in place).

30.0 Equipment Piping

30.1 Vertical and Horizontal Piping

· Piping at vertical vessels shall be located radially (equal distance, vessel OD to pipe OD) usually on the pipe rack side.  Manways and platforms shall be on the access side.

· Piping leaving vessel nozzles at draw trays shall turn vertically down for a minimum run of five diameters before any further change of direction.

30.2 Vertical Lines Supported From Towers

· Lines shall be supported as high as possible to minimize differential expansion due to temperature.

· Lines shall be guided at sufficient intervals to prevent vibration or sway due to wind.

· Excessive loads on guides and supports shall result in more guides or supports being used and/or reinforcement added to vessel.

30.3 Vessel Trim

· Valves and flanges shall not be located inside vessel skirts.

· To ensure range and visibility of gauge glasses is optimized, consideration may be given to extend draw-off boots on elevated horizontal vessels to place the centres of gauge glass and level controllers not over 5’ 0” (1525 mm) from grade, platform or ladder access subject to Owner’s Engineer approval.

· Vents

A valved and blanked atmospheric vent shall be provided at vessel high points and/or overhead piping with platform access provided for valve operation.

· Drains


Other than to a closed hydrocarbon drain system, drains provided at vessels shall run to underground systems with open connections terminating 2 inches (50 mm) above the drain hub so that discharge is plainly visible.


When practicable, the drain connection may be piped from the bottom outlet piping.

30.4 Stress Relieved and Low Temperature Vessels

· When vessels are stress relieved or when field welding is not permitted, all vessel attachments shall be welded by the vessel fabricator prior to shipment.

· Pipe support attachments welded directly to the vessels shall be of the same material as the vessel.

30.5 Control Valve Manifolds
· Check for guide requirements of manifolds supported from above, to ensure movement of the manifold in the planned direction.  See paragraph 5.13.2 of this standard.

· Where relevant, solid particle erosion shall be considered when designing control valve stations in process inlet lines to fired heaters.

30.6 Exchanger Piping

· Shell and Tube Exchangers

a)
Piping, except removable local interconnections, shall not be run over channel or shell cover areas, or in the way of built-in or mobile handling facilities.

b)
Wrench clearance shall be provided at the exchanger flanges.

c)
Spool pieces shall be provided beyond the channel nozzles to permit the removal of the exchanger channel head and tube bundle.

d)
Cooling water supply and return lines shall be routed to minimize bypass lengths.

· Spiral Heat Exchangers


Break out spool pieces shall be provided at spiral heat exchangers to allow for cover plate swing area.

· Plate Heat Exchangers


Piping shall not be run in the area required for plate removal from plate heat exchangers.

30.7 Rotating Machinery

· The use of cold spring for piping systems which connect to rotating equipment is prohibited.

· The use of couplings or expansion joints in the suction or discharge lines of pumps in cooling water service is acceptable.  They shall be located on the pump side of the pump suction or discharge block valve, as appropriate.

· All pressure thrust loads shall be absorbed by anchors or tie rods, and not by the coupling or expansion joint.  The type of coupling and piping systems design shall be reviewed with the Owner’s Engineer.

30.8 Piping at Pumps
· Supports for pump piping shall be designed to take the valve and pipe loads when pumps are removed for repairs and to prevent bending moments being transmitted to the pump nozzles due to eccentric loadings.
· Where frost heave or grade settlement may be encountered, supports from grade must be mounted on the pump foundation.

· Check valves shall be installed between the discharge nozzles of pumps and the first primary block valve where applicable.

· For front or top suction pumps, the pump suction line shall have a straight run equal in length to a minimum of 5 times pipe diameter, based on pump suction nozzle size.  (Ref. API 686)

· Pump suction and discharge piping shall be reviewed with respect to field welds to facilitate alignment of piping with pump nozzles.

· The pipe support closest to the suction and discharge nozzles is to be adjustable to aid in pipe alignment.

· Concentric reducers are preferred where size changes are necessary, except in horizontal suction lines at pumps with end or side suction.  In these locations, irrespective of suction piping being routed from above or below the pump, eccentric top flat reducers shall be used.

· To avoid cavitation in double-suction type horizontal centrifugal pumps, the suction lines shall be arranged such that equal flow distribution to both impellor entrances is achieved.

a)
Vertical suction lines terminated by an elbow and flange shall be fitted directly to the suction nozzle.

b)
In all other cases, a minimum straight length of 5 times pipe diameter shall be provided immediately upstream of the pump suction nozzle.

· Dead legs in pump suction lines shall be avoided when pumps are installed in coking, sour or fouling service.  This is mandatory for bottoms pumps from vacuum towers and fractionation towers.

30.9 Pump, Turbine and Compressor Piping

· Piping at pumps and turbines shall be arranged to avoid interference with operation or maintenance access.  Auxiliary piping for deluge systems, steam quench, etc. shall be designed to utilize existing supports where practical and must not restrict maintenance access to the equipment.  Removable spool pieces shall be provided as appropriate, such as at pump suction inlets, or at both suction inlet and discharge outlet for pumps which will require high maintenance activity (such as those in erosive service) to permit maintenance without major piping disassembly.

· For reciprocating and centrifugal compressors, permanent cone type suction strainers shall be installed in all suction lines.  Strainers shall be located upstream of the suction nozzle at a distance recommended by the compressor manufacturer and Owner’s Engineer.
· All pump suctions shall be fitted with permanent tee type strainers, unless other type permanent strainers (basket or duplex type) are installed as part of the design.

· For centrifugal compressors, materials for strainer fittings and flanges are to conform to the piping class, the actual screen or strainer is to be of 405 or 410 SS.

· For reciprocating compressors the entire strainer is to be fabricated from stainless steel.

· For pumps, materials for fittings and flanges are to conform to the piping class, unless specified otherwise, the screen material for general service to be 316 SS.
30.10 Steam Turbine Piping

· Steam turbines used for pump drivers are manufactured in two types:  Casing-mounted and centre-mounted.  The casing-mounted type has support lugs located near the casing bottom.  The nozzles and shaft expand up from the lugs at exhaust steam temperatures.
· The centre-mounted type has a pedestal support under the shaft bearing.  The pedestal temperature varies from half that of the exhaust steam temperature at the bearing to ambient at its base.  The shaft expands up slightly from the heat in the pedestal.  Since the nozzles are usually located below the shaft, their expansion is down from the shaft at exhaust steam temperatures.  Their net thermal movement is down.

· When expansion joints are used to eliminate grade settlement or frost heave hazards, the risers must be anchored laterally.

· Steam turbine exhaust lines shall be provided with exhaust heads when discharging to atmosphere.  The exhaust head shall be offset and located such that it cannot spill condensate on the operator at the turbine.

· The block valve on the exhaust line of a turbine shall be located within clear view of the turbine.  This location permits maximum safety in determining whether the valve is open or closed.  No additional block valve shall be provided at the exhaust steam header.

· Where two or more turbines have a common control valve, a block valve shall be provided for each turbine on the steam inlet line.  The exhaust side of each turbine shall have a separate block valve.

· Vendors normally provide turbines with permanent integral strainers.  Where removal of such strainers is effected through the inlet piping, a flanged spool piece or other means for easy access shall be provided.

· If integral strainers are not supplied with the equipment, permanent strainers shall be installed in steam piping to turbines.  Permanent strainers shall be fabricated vertical or horizontal basket Y-type or tee strainers, depending on size and service requirements.  Y-type strainers shall be provided with 1/32 inch (0.8 mm) diameter perforated stainless steel screens and blowdown valves.  Strainers shall be installed in the steam inlet lines as near to the turbine flanges as feasible.  For service where continuous operation requires the use of dual alternately operated strainers, selection shall be made in accordance with manufacturer’s recommendations.
· Regulating, throttling or control valves shall be accessible for hand operation.  When used in conjunction with an indicator which responds to the operation of the valve, the two shall be located so that the operator can observe the response from his position at the valve.

· Expansion joints for turbine exhaust lines shall not be provided unless approved by the Owner’s Engineer.

· Drain connections to remove condensate shall be provided at the low point on the turbine inlet line before the block valve and at the bottom of the casing.  Traps are also required for draining the turbine.  For turbines on automatic start-up, steam traps shall be connected as close as possible to the inlet side of the automatic start valve and also at the low point of the inlet line.

· A drain shall be provided at the low point of the exhaust line downstream of the block valve.

30.11 Compressor Piping

· Particular consideration shall be given to design of piping subject to vibration from dynamic loading associated with reciprocating compressors.  Volume bottles shall be provided as required at the suctions and discharges.  Suction and discharge lines shall be securely clamped and small piping around compressors and on the same supports as suction and discharge lines shall be well braced to reduce vibration.  Reciprocating compressor suction and discharge piping shall be run on substantial supports near grade if at all possible.  Analog evaluations shall be run on reciprocating compressor piping systems.

· Non-slam check valves are required on the discharge line of each compressor downstream of the pressure relief valve and upstream of the nearest discharge block valve.  Ensure that the check valve will lift at the rated flow.

· The piping drawings shall show the limits of compressor suction piping where special internal cleaning is required.  Temporary screens or strainers shall be provided during cleaning.

· Removable spool pieces shall be provided at compressors where needed to permit maintenance without major piping disassembly.

· All compressor suction piping fabricated from carbon steel shall be pickled, neutralized, passivated and dried before installation.

30.12 Reciprocating Compressor Piping
· Piping and surge bottles for reciprocating compressors often present vibration problems.  Bottles mounted unsymmetrically or to one side shall be firmly supported from the compressor frame or grade to restrain the vibrating loads.  To be effective, these restraints shall limit the motion to an overall amplitude of not over .001” (0.025 mm) or .002” (0.05 mm).
· Provisions for thermal movement of the bottles and connected piping must be made.  Vibrating piping systems can be restrained with anchors or lateral guides when passing over stanchion beams or other rigid supports or by means of vibration dampeners.  Lines subject to vibration shall not be supported from hangers.

· Piping systems containing cantilevered 90 degree bends are very troublesome and must be avoided.  Piping must be supported at each change in direction.

· Small diameter piping connected to compressors shall be gusseted or braced if danger of fatigue failure due to vibration exists.

30.13 Burner and Steam Snuffing Piping at Fired Heaters
· Burner piping shall be kept clear of all access and observation openings.  Space shall be provided for all (on-the-run and shut-down) maintenance work.  Piping to the burner shall be made using unions, flexible connectors or other specified means for easy removal of the burners.  For coker heater furnaces, unions shall not be used; flanged piping shall be used to the burner to minimize the risk of leakage.  Piping that interferes with any other maintenance work; particularly tube replacement shall have flanged spool pieces.  Piping shall be located to maintain a minimum 2.0 m clearance under the heater.  In general, burner piping shall conform to the following requirements:
a)
Take-off connections shall be made from the top of the steam and gas headers and piping arranged for equal flow distribution.  Condensate legs, knockout pots or other approved methods for the collection and elimination of condensate shall be provided.

b)
All emergency isolation valves (process, fuel gas, natural gas, and steam) shall be located min. 15.0 m from furnace.

· Smothering, Service and Snuffing Steam

a)
Fired heaters shall be provided with smothering steam from a manifold located at grade level at least 15.0 m from the heater.  Connections on the manifold shall be piped separately to each area of the heater.  Each connection shall have a valve that is clearly identified to indicate the area serviced.  Each pipe shall be arranged for back draining condensate to the manifold and a bleeder provided for drainage.  Extra drainage slope shall be provided in cold climates.
b)
The steam supply for fire smothering, fire fighting, snuffing and service hoses shall be from a separate steam system connected to the plant steam header on the supply side of the unit block valve, except that a separate steam system will not be required if the steam is normally available at between 50 and 125 psig (345 and 873 kPag) in the plant steam system.

c)
The minimum size steam main shall be 2 NPS.  Steam mains shall be adequately protected with drip legs and steam traps.  Steam traps shall be provided where mains rise in direction of flow and at dead ends.  Spacing of traps shall not exceed 60 m.  At drip legs, trap connections shall be on the side of the vertical leg and a block valve provided at the base of the leg for blowdown.
d)
Branch connections shall be made to the top side of the header to ensure drainage into the main.  Branch block valves shall be installed in the horizontal to provide drainage away from a closed gate.

30.14 Fired Heaters

· Heater piping and supports vary with the type of heater.  Heaters can be roughly classified as cylindrical and rectangular.

· Cylindrical heaters have vertical tubes located concentrically inside a thin steel shell with nozzles at the top.  Piping from the nozzles drops down the outside, usually in a flat bank.  Due to large heater diameter and thin shell, all supports from heater shell require reinforcing.

· For rectangular (box type) heaters with horizontal tubes, nozzles are usually located at about pipe rack levels and can take only small (500 lb force average) (2224 N) forces from connecting piping.  Special anchors are usually required to protect these nozzles and internal piping.

· Where pigging will be required for furnace tube cleaning or inspections, furnace piping shall be designed with removable spools or swing elbows to facilitate pigging of the furnace tubes.

30.15 Blowdown Piping

· Blowdown and flare lines shall be designed, if possible, without low points or pockets which collect condensate, and in such a manner that they shall drain by gravity.  Where this is impractical, a valved drain shall be provided at the low point.

· Where process systems are provided with blowdown facilities, the blowdown valves shall be so located or provided with remote manual operating devices, such that their operation shall not be impeded by a fire in the area of the equipment being blown down.

30.16 Vacuum Seal Leg Piping
· All seal leg piping shall be vertical with no horizontal runs.  45º pulled bends shall be utilized with legs run at 45º or less to the vertical.

· The length of a barometric leg, which depends on the specific gravity of the liquid and the depth of vacuum, shall be taken into account.

30.17 Furnace Transfer Lines

(Vacuum and Atmospheric Distillation)

· Consideration shall be given to solid particle erosion when designing furnace outlet transfer line piping.  The use of pulled bends and/or metallurgy changes in the piping shall be considered at the discretion of the Owner’s Engineer.

· Straight inlet line process requirements might set the minimum distance between the furnace and the tower.  Usually 15.0 m minimum is provided between last pipe loop entry into the transfer line and the tower inlet nozzle.
· Pipe loops between furnace outlet nozzles and the transfer line shall all have the same configuration and length.

· Spacing (S) of pipe loop entry points into the transfer line shall be S = d + D/5, where d = pipe loop diameter at point of entry and D = transfer line diameter.

· Support and guiding of the transfer line shall be carefully considered for loadings such as:

a)
Possible liquid loading of system during start-up as well as during hydro-testing.

b)
Wind Loading

c)
Slug flow conditions

On large diameter transfer lines, thermal bowing during start-up shall be considered.

30.18 Coker Furnace Transfer Lines

· Coker furnace transfer lines to coke drums shall be laid out with no pockets and shall contain break flanges and removable elbows and/or cleaning ports to facilitate hydro-cleaning of the system.

· Crane access or provision for lifting removable elbows shall be provided.  Removable elbows shall have lifting lugs.

30.19 Liquid Sulphur Piping

· Liquid Sulphur Piping shall be sloped a minimum of 1 inch per 20 feet.
· Steam/Heat Traced Piping

External steam/heat tracing, such as CSI “Controtrace” is to be used whenever cost effective for diameters NPS 8 and larger.  Refer to product installation details and practices to assist in design details.  Design shall comply with the applicable line classes as listed in the Piping Material Specification class.

· FSE Heated Transfer Lines

Ferromagnetic Skin Effect heating is applicable for transfer lines having a minimum of valves and flanges.  Conductor and tubes shall comply with the requirements of the applicable line classes as listed in the Piping Material Specification.

· Steam Jacketed Piping

a)
For steam jacketed pipe standard see Std. Drawing PSD 0029-1, 2 & 3.  These drawings may also be used to assist in design of hot oil or glycol jacketed systems.

b)
The sulphur lines are in the center of the larger-diameter steam lines.  Steam pressures and temperatures shall comply with the applicable line classes as listed in the Piping Material Specification.  The wall thickness of the inner pipe shall be checked for internal and external pressure.

c)
The number of butt-welds on the inner pipe shall be minimized.

d)
The inner pipe (sulphur line) shall have oversize (reducing type) flanges, allowing the jacket to run from flange to flange.  Non-wafer type valves shall be jacketed also and have the flanges a size corresponding to the jacket size of the line.  Such jacketed lines shall be restricted to a minimum for economic reasons and because of the bulky configuration.

e)
The annular space between the product and jacket pipes shall be maintained by spacers, welded to the inner pipe at maximum 3.0 m spacing.

f)
Jacketed pipe spools shall have two NPS 1 connections on the jacket, one for steam supply and the other for steam or condensate discharge.  The connections shall be located uniformly opposite each other, as close as possible to the flanged spool ends.  A 1/8 inch (3 mm) thick impingement plate shall be welded to the inner pipe opposite the connections to provide erosion protection.

g)
Steam shall be fed to the top connection of the jacket and leave by the bottom connection, possibly as condensate.  It is then fed through a jump-over to the top connection of the next jacket, etc. and will finally run to a steam trap which shall come off the bottom of the jacket.  This is referred to as a jacket circuit, maximum length to be 30 m.

h)
Each circuit shall have its own steam supply and condensate return.  The requirements for the supply and return lines shall be in general similar to those of the steam tracing systems.  
i)
All changes of direction shall be made with fully steam jacketed welded crosses, with flanges for breakout and cleaning.

j)
All runs of pipe shall contain sufficient numbers of breakout flanges, and all laterals shall be connected to mains through pipe crosses with flanges on connecting ends of laterals and flanges and blanks on opposite sides.

31.0 Flare System Piping

31.1 Pipe Flexibility

Expansion/contraction loops shall be in the horizontal plane to avoid liquid pockets.

31.2 Pipe Slope

The disposal piping shall be self-draining continuously from the relief valve to the knock-out drum near the flare (or unit knock-out drum if provided).  Main flare headers shall have a slope of at least 1:1,000.  Unit flare headers shall have a slope of at least 1:500.  Discharge lines from the relief valves to the unit flare header shall be a minimum slope of 1:200.  Connecting branches shall enter the headers at the top, preferably at an angle of 45º and drain into the headers.

31.3 Purge Gas Connections

Purge gas connections shall be provided at the upstream end of the headers, so that all parts of the relief system can be purged.

31.4 Tracing and Insulation Requirements

· Where water or water vapour is likely to enter the flare system in sufficient quantity such that it might eventually cause an ice blockage during winter, or when hydrates are likely to form, then the piping must be insulated and heat traced.  Otherwise, the piping shall remain un-insulated.
· If the plant operating philosophy is to steam out equipment to the flare, then the piping must be traced and insulated.

31.5 Isolation Valves Car Sealed Open (C.S.O.) or Locked Open (L.O.) in Flare Systems

Any C.S.O. or L.O. isolation valves in flare systems are to be orientated with their stems in a horizontal or below horizontal position, to guard against the gate falling into the closed position due to long term internal valve corrosion.

32.0 Utility Piping

32.1 Steam Piping
· Steam piping shall be designed for complete condensate removal.  Drip legs shall be provided on all steam lines at all low points and dead ends.  Refer to Standard Drawing PSD 0030.
· Drip legs shall be installed on steam headers at dead ends, upstream of expansion joints or raised expansion loops, upstream of block valves and reducing valves, every 100 m in straight horizontal steam lines.  (i.e. without natural drainage points).

· Branch connections shall be made from the top of the headers.

· Block valves shall be installed in the horizontal run of each branch line or group of common users.

· Piping shall be designed to make use of sub-headers to serve an area of process equipment or groups of drivers.
· Live steam supply and exhaust steam return headers shall be located on overhead pipe racks and shall have block valves at the process unit limit.

· Wherever possible, live steam and exhaust steam lines shall be the outside lines of the overhead pipe rack in order to provide accessibility for expansion loops, pressure reducing stations, and flow instrumentation.

· Separators for the removal of steam condensate ahead of turbines, etc, shall be justified only at locations remote from the boiler plant or main steam supply.  Separators for the removal of oil fro exhaust steam shall be installed just ahead of the boiler feed-water treating equipment or surge drum but will not normally be required on the exhausts of individual items of rotating equipment.

· Block valves shall be provided in branch lines from live steam and exhaust steam headers, these shall normally be located at the steam header, except turbine exhaust block valves shall be at the turbine only, without a block valve at the header.

· Single block and check valves shall normally be provided at the stream injection point for designated process lines.  Double block-and-bleed valves with a single check valve shall be provided for heavy oil services, when required by the process design.

Steam Traps 
· Steam traps shall be located at grade or be accessible from a platform to facilitate testing and maintenance.

· Steam traps shall be installed at all points where condensate collects in steam lines or steam equipment.  Each condensate source shall be individually trapped.

· Steam line drip legs shall be installed at the end of mains, low points, ahead of risers, raised expansion loops, and control valves.  Where no natural drainage points exist, drip legs shall normally be installed at intervals of 90.0 m but never greater than 150.0 m.

· Minimum trap size shall be ½” NPS for steam tracing and space heaters; ¾” NPS for all other services.

· Trap inlet and discharge piping shall be sized for full trap capacity but not less than the trap connection size.  At very low [i.e. less than 10 psi (69 kPag)] pressure differential between trap and condensate return header, the trap discharge line shall be one pipe size larger than the trap connection size.

· Condensate shall normally be returned to a lower pressure steam or condensate system or to the boiler feed-water system.  Discharges to the waste system shall be made only if return headers are not economically feasible, or if condensate is contaminated.

· Traps shall normally be located below the system being drained.  A trap may be place above the equipment being drained, provided a water siphon seal leg followed by a check valve are in the inlet line to the trap.

· Trap by-pass lines shall not be used.  If continuity of operation is essential, two identical traps shall be installed in parallel with each trap valved separately to permit maintenance.  Each trap shall be capable of handling the full condensate load.

· Strainers shall be installed upstream of all traps except bucket traps (unless integral with trap).  If unusual amounts of scale and other foreign matter are anticipated, strainers shall also be installed ahead of bucket traps.  A Y-type strainer is preferred with 0.045 inch (1 mm) perforated monel or 304 SS screens.

· In areas where multiple trap installations are required, trap discharges shall be manifolded together.  Each trap shall be piped with valves upstream and downstream to facilitate testing and maintenance.  Three-way valves may be used for these test valves on systems operating at 200 psig (1378 kPag) and below at the discretion of the Owner’s Engineer.
· Bellows thermostatic air vents shall be used for venting air from steam in coils, jackets, heat exchangers or other equipment where air can accumulate in steam spaces and reduce heat transfer efficiency.

· Recommended traps for specific services are shown in the relevant Piping Specifications.

· Valves shall be provided on each side of trap, to facilitate removal of trap in closed systems.  Double block-and-bleed valves are required on traps in HP steam service.

32.2 Steam Out Connections

· Steam out connections are required for purging vessels and pipelines containing hydrocarbon and hazardous fluid.

· Steam out connections shall not be less than NPS 1.

· On horizontal vessels, steam out connections shall be located at the opposite end of the vessel from the vent and manway.

32.3 Cooling Water Piping

· Cooling water distribution headers shall normally be located on overhead pipe racks.

· Cooling water supply and return headers shall have block valves at the process unit limits.  A by-pass loop with block valve shall be installed joining the ends of the supply and return headers to maintain flow.

· Cooling water branch lines shall be taken from the top of the headers.

· When the manufacturer’s service rating of cooling water jackets on equipment is less than the water supply pressure, provisions for a pressure reducing valve and relief valve shall be made in the line upstream of the water jacket connections.  The relief valve shall not be isolated by valves from the water jacket.

· The installation of cooling water lines shall ensure that the equipment being cooled will remain full of water in the event of a shutdown of the cooling water pumps.
32.4 Service Water Piping

· The service water supply header shall normally originate at the cooling water supply main outside of the process unit limit to ensure that a water supply will be available at all times.  When salt water is used as a cooling water system, a separate freshwater supply line shall be installed for service water.

· Service water branch lines shall be taken from the top of the header.  Block valves are required for every branch and shall be located both at the header and at the equipment or utility station.

· Service water shall normally be piped to utility stations at grade only.

32.5 Plant Air Piping

· The plant air supply header shall normally enter the process unit from an outside source and shall have a block valve at the process unit limit.  Plant air shall be used as follows:

a)
As an auxiliary source of instrument control air.

b)
For process purposes.

c)
For utility stations.

· Plant air branch lines shall be taken from the top of the header.  Block valves are normally required for every branch and shall be located at both the header and at the equipment or utility station.

· Plant air supply lines shall be provided with drip legs and blowdown connections, unless the plant air has been dried to a dew point acceptable for the site.

· In high humidity areas or coastal areas that are also subject to freezing, the plant air stream shall be dried downstream of the compressor and ahead of the accumulator.

32.6 Instrument Air Piping

· The instrument air supply header shall normally enter the process unit from an outside source and shall have a block valve at the process unit limit.

· Instrument air shall be dried to the required dew point upstream of the supply header.

· Branch connections from a horizontal instrument air header shall be from the top of the header, with a block valve provided at each branch connection.  A ¾” NPS drain valve shall be installed at all low points of the header.  The sizing of the main and auxiliary headers shall be NPS 1 for a maximum of 50 instrument air users, and NPS 2 for a maximum of 150 instrument air users.

· Spare instrument air header branch connections NPS 1 shall be provided on the basis of 20% spare, or at least two spares per area on all instrument air supply systems.

· The instrument air supply to an individual user shall be NPS ½ minimum, but not more than four users shall be connected to one NPS ½ branch.

· See paragraph 5.4.12.2 for thread lubricants in instrument air pipe joints.

32.7 Utility Hose Stations

· Hose stations for cleanup and air tool operation shall be located to permit areas at grade, on elevated structures, and in buildings to be served by a 15.0 m length of hose.
· The utility outlet connections shall be grouped together as much as possible in the same sequence, namely:  water, steam, air and inert gas (optional).

· Inert gas shall be provided only as required by special circumstances.

· Service water shall normally be provided at grade stations only.

· The following locations shall normally have utility stations or standpipes for steam and air only provided:

a)
At alternate platform levels required for servicing of manways in towers or vessels.

b)
At alternate levels of elevated structures and so that all parts of the structure can be served with 15.0 m lengths of hose.

· Steam service at hose stations shall be limited to less than 200 psig (1378 kPag) and 400ºF (204ºC).

· Install traps on steam and air lines where required.

· Insulate and/or trace utility steam lines up to the first block valve at the utility station and where necessary for personnel protection.

· Each utility service shall be clearly identified (at the utility station) for personnel safety.

· Utility stations shall be installed such that they shall remain in operation during a unit shutdown.

· For utility hose reels and hose connectors, plant operations shall be consulted to determine plant preferences.

· A bleed valve shall be installed immediately upstream of the hose connector for air, steam, or inert gas.  The exhaust of the bleed valve(s) shall be directed to preclude injury to personnel by direct impingement and/or by debris blown into the air by the exhaust of water, steam, air, or inert gas.

32.8 Process Sample Stations

· Sample connections shall be provided where shown on the P & I diagrams.
· Sample coolers shall be installed to keep the material being sampled below its flash and/or vaporization point and also for personnel protection.

· All connections for sampling shall normally be NPS ¾ except:

a)
Piping handling materials of high viscosity shall be not less than NPS 1.

b)
Valve sizes, types and metallurgy to be determined for each specific application.

· For pipe in a horizontal or inclined plane, the sample connection shall be located at the side of the pipe unless otherwise indicated on the P & I diagrams.

· Cooler overflow shall be piped to sewer if specified.

· Cooler drains shall be plugged unless cooler is required to be drained after each use, in which case it shall be valved and piped to sewer.

· Sample stations shall meet the following accessibility criteria:

a)
Accessible from grade or permanent platform.
b)
Sample cylinder connection location shall be mounted at a height of 950-1200 mm.

c)
Overhead clearance of 1900 mm.

d)
Depth clearance of 700 mm.
e)
Egress from two directions.

· LPG sample stations shall be closed loop.

· Sample stations where there is a potential for exposure to hazardous materials (e.g. benzene, H2S) shall be closed loop.

32.9 Safety Shower & Eyewash Stations

· All safety shower and eyewash units shall be shown on Equipment Location Plans and located based on the following criteria:

a)
Safety shower and eyewash units are required when there exists a potential for exposure of personnel to injurious chemical that can cause immediate and irreversible damage on contact or that have adverse systemic effects on contact.  A 15 minute minimum continuous flush is required when such exposure occurs.

b)
Safety shower and eyewash units shall also be needed for quick drenching where there exists a potential for exposure of personnel to other chemical and material.  Refer to Material Safety Data Sheets and use specific operating conditions for determining the nature and degree of hazard of chemical and materials.

c)
Eye wash units shall also be required in areas where exposure to dust or particulate exists.

d)
Elevated safety showers and eye wash units shall have floor drains installed to eliminate flooding.

e)
To minimize solar heating, piping to safety showers shall be routed in the shadow of larger pipes where possible.  The need for an anti scald valve shall be determined and shown on P&IDs.
f)
For location where ambient temperatures can result in freezing conditions, safety showers and eye washes shall be fully winterized or housed.  Drain line freeze protection shall also be included in the design.

33.0 Pipe Supports, Shoes, Guides and Anchors

33.1 Pipe Supports
· Supports shall normally be designed to transmit all piping loads directly to foundations.  Loadings to be considered in design calculations include:

a)
Weight of pipe and insulation.

b)
Weight of the line contents based on water, or process fluid, whichever is greater.

c)
Wind loading.

d)
Lateral loading due to movement of lines on supports.

e)
Vibrations due to pulsations from reciprocating pumps and compressors and possible line surges.

· Supports shall be located so that the force transmitted to connections on machinery such as pumps, compressors, turbines, etc. does not exceed that allowed by the machinery manufacturer.  The design of such supports shall be detailed and not left for field improvisation.

· Supports shall be located to minimize the load transmitted to connections of equipment such as vessels, exchangers, etc.
· Piping to equipment requiring removal for maintenance, including control valve assemblies, shall be supported so that temporary supports are not required during removal.  Supports shall not be attached to removable spools.
· The material for pipe supports shall be structural steel or reinforced concrete.

33.2 Shoes and Guides

· Hot insulated lines shall be supported on 100 mm shoes for insulation thickness  75 mm or less and 150 mm shoes for insulation thickness over 75 mm.  Cold insulated lines shall rest on shoes with heights that vary with insulation thickness.  For NPS 2 and smaller hot and cold insulated lines will be supported by placing an insulation shield on the outside of the insulation.  The shield shall be attached to the insulation by stainless steel straps.  At utility stations, hot, insulated lines may be supported using U clamps/bolts with the insulation cut back.
· Un-insulated lines shall rest directly on the supports but shoes shall be provided on lines subject to excessive or continuous movement, or in areas of highly corrosive environments.

· Electric traced lines require pipe shoes.

· Guides shall be installed on supports to restrict lateral movement.

· Carbon steel pipes shall have welded shoes.  Stress relieved, stainless steel and alloy pipes shall use clamp-on shoes.

· Shoes on Sloping Lines :-All sloping insulated and un-insulated lines on pipe racks or sleeper ways shall use trimmed or adjustable shoes to achieve the required slope.

Structural shall supply support steel at a series of common TOS elevations as shown in the Piping Temporary Steel model.

i.e -  For a 1:500 slope the common TOS can be maintained for 5 consecutive rack bents at 6M centers before being raised by 60mm for the next consecutive 5 bents and then repeated. This method shall be achieved within the rack with trimmed steel, regular steel and tee posts or by progressively increasing the height of each series of 5 dedicated column line tee posts.

10” and Below

Lines in this size range shall use a combination of 100mm high and trimmed 150mm high standard, long, extra long or clamped pipe shoes.

In the example above the first and lowest shoe would be 100mm untrimmed, the next would  be 150mm trimmed to 112mm and then progressive shoes are trimmed to 124/136/148mm. The TOS would be raised 60mm and the process repeats starting again with a100mm shoe.

Each trimmed shoe shall be given a model ‘comment’ – 

“Trim Shoe to ***mm” 

Note:- If the insulation thickness is 80mm or greater the first shoe must be a 150mm shoe trimmed to suit and the number of common TOS bents reduced accordingly.

12” and Above

Lines in this size range shall use adjustable pipe shoes as detailed on Pipe Support Standards PSS-PS29 through PS32.

The principal of a common series of TOS’s is the same as above but as the maximum height of adjustment varies by pipe size the number of bents that can be covered before raising the common TOS must be calculated according to pipe size.

Each adjustable shoe will automatically receive an Installed height attribute and be shown separately in the BOM

33.3 
Spring Supports and Hangers

· Variable spring hangers and supports shall be provided with a scale showing the range of working load and a means of adjustment.

· Constant support spring hangers shall be provided with the calibrated load clearly indicated, a scale showing the range of movement and an accurate means of adjustment.

33.4 Pipe Anchors

· Pipe lines shall be anchored where necessary for the purpose of restraining movement and protecting equipment, branch connections, etc. from thrusts due to expansion, contraction or pressure.
· Anchors shall normally be designed to transmit directly to foundation all thrusts due to line movement.

· Where lines are supported on shoes, the shoes shall be welded to the anchor.  For high thrust forces a detailed shoe design is required.

· Where lines are not supported on shoes, the line shall be fastened to the anchor by means of brackets, U-clamps, etc.  Welding the line directly to the support structural steel is not acceptable.

· Anchors shall be provided at the battery limits or as close as practical to the battery limits on all piping leaving a unit, to prevent the transfer of any stresses from the offsite piping to unit piping and vice versa.

· Where necessary, anchors shall be provided in conjunction with expansion loops, expansion joints and guides to control excessive movement of the lines.  Maximum movements of headers in pipe racks shall be limited to 1 ½” (38 mm) in each direction at corners of the pipe rack.  Branch connection points to headers shall normally be limited to 3” (76 mm) of movement in either direction.

· Anchors shall be provided on the lines of reciprocating pumps and compressors, where necessary, to prevent excessive vibration due to pulsations.

· All piping shall be securely anchored locally to prevent excessive stresses due to expansion on branch connections and equipment nozzles.  Anchors and stops specifically required for minimizing loads on pumps and compressors shall be designed for minimum deflection at maximum load.
· The design of the pipe anchors shall account for expansion of the connected equipment.

· Anchors or thrust blocks shall be provided on buried pressure water lines with cast iron mechanical joints, HDPE, or cement pipe and fittings, in the following locations:

a)
At unbalanced intersections.

b)
At valves and hydrants.

c)
At dead ends.

d)
At changes in direction.

33.5 
Piping In or About Structures

· Horizontal pipe runs are supported from beams with trapeze hangers, single hangers or brackets.  
· Vertical runs outside the structure shall be supported and guided from support beams.  
33.6 
Relief Valve Stacks

· Relief valve stacks venting to atmosphere can be categorized into short [under 1800 mm] and long [up to 6.0 m].  Short stacks do not need special supporting unless relieving high pressure or fabricated with cantilevered piping.

· Long stacks require supports to prevent pipe load and relief forces from overstressing the nozzle.  Guides must allow vertical thermal movement but prevent rotation due to vertical loads and forces and thus take the movement off the nozzle.  These are classed as special supports.
33.7 
Pipe Rack Piping

· All long pipe runs shall be anchored to prevent creeping.   Hot lines expand away from their anchors and cold lines contract towards them.  The locations of pipe anchors, critical guides and expansion loops shall be designated by the stress analysis group.
· Minimum pipe size for headers in pipe racks shall be NPS 2.

· Butt weld joints shall be used at pipe rack module interconnects for NPS 2 pipe in lieu of couplings.

· For Rack spacing refer to SAG1
33.8 
Pipe Support Shoes
· Insulated lines shall be provided with shoes to allow movement over the supports.

· The shoes must be sized and located properly to permit movement without running off the supports.

· All hot or cold insulated lines, irrespective of size, shall be provided with shoes at all supports.

· Shoe lengths are 12”, 18”, 24”, 30”, 36” and 40” or 300 mm, 450 mm, 600 mm, 750 mm, 900 mm and 1000 mm.

34.0 
Gusseting of Small Bore Connections
· Mechanical strength gussets may be required for unusual loads such as falling ice or maintenance activities and these shall be identified by Owner’s Engineer.  Typical requirements for gusseting in vibrating service are shown in Table 2 below.  Vibrating lines shall be indicated on LDTs by stating Slug Flow, Two-phase Flow, or any other unusual process condition.  Isometric drawings will indicate where, and which gusset detail is to be used.

· Gusseting is not required in Category D services for mechanical strength.

· Process and stress engineering shall identify systems in vibration service.

Table 2

Typical Requirements for Gusseting in Vibration Service

	Equipment or Service Category
	Conditions Regarding Small Bore Branches

	Reciprocating Compressors

(All small bore connections with or without a valve shall be gusseted)
	Connections to inter-stage, upstream and downstream piping and equipment associated with reciprocating compressors includes first major piece of equipment upstream and downstream of compressor.

	Reciprocating Pumps
	Connections to suction and discharge pipe and equipment for reciprocating pumps (includes first major equipment upstream and downstream of pump).

	Centrifugal or Screw Compressors, Centrifugal Pumps, Centrifuges
	Connections to piping within the greater of 6.0 m or 20 pipe diameters, measured along the pipe axis from the equipment nozzles that are not covered in the standard drawings.

	Piping, Equipment or Valves Subject to Process Induced Vibration
	All connections to piping or equipment:  subject to process induced vibration (e.g. Lines in slug flow, lines in two-phase flow, hydraulic shock from rapid valve operation).  Gusseting or bridge welding requirements for valve bodies with integral drains, steam purges, bypass or similar small bore connections to the body shall be designed consistent with gusseting requirements for the rest of the piping system.

	Pressure Relieving Device
	All connections to pressure relieving inlet and discharge piping within the greater of 6.0 m or 20 pipe diameters measured along the pipe axis from the pressure relieving device.

	Control Valves
	6.0 m upstream and downstream of control valves susceptible to pressure drop induced vibration.

	Coker Furnace & Coker
	All piping subject to vibration from Coker Furnace outlet through to Coker and all piping on the Coker structure.


34.1 
Branch Reinforcement

· For branches NPS 3 and larger:

a)
Reinforcement pads shall be designed per ASME B31.3 Section 304.3.3.

b)
When the branch is at least two pipe sizes smaller than the header, and the design temperature less than 800ºF (427ºC), the following design criteria shall be used:


The re-pad width shall be half the nominal diameter of the branch pipe and pad thickness shall be the same as the header pipe.  On the outside diameter of the pad, the weld shall have a throat of not less than 0.7 times the pad thickness.  The  header to nozzle and re-pad to nozzle weld shall be full penetration.
c)
Reinforcing pads shall be drilled and tapped for ¼” NPT telltale hole.  If the pad is in two sections, a hole is required in each section.  The hole shall be sealed with a water resistant grease.

d)
When piping is to be insulated, a nipple (minimum schedule 40) shall be installed in the telltale hole and shall extend beyond the insulation a minimum of ½”.

e)
Reinforcement pad shall be subjected to an air or nitrogen pressure test at minimum 15 psig (104 kPag).

34.2 
Branch Connections

· Branch connections shall normally be at 90º to the run pipe.  45º laterals for uses other than blowdown, relief and drain lines shall normally be avoided.  In no case shall a welded branch connection be designed with an intersecting angle of less than 45º.

34.3 Branch connections shall be in accordance with Tables in the Piping Specification. 
35.0 Field Supports

· Field Supports supplied by Piping shall be limited to simple cantilevers for a maximum line size of 2” NB 
· All other Supports for line sizes above 2” NB shall be modeled in TEMP STEEL for design and supply by the Structural Group.

36.0 Instruments

36.1.1 Instrument requirements in this section apply to plant design and piping layout only.  For detailed requirements affecting instrument locations and connections, see instrument Specifications.
· Refer to Table 3 below for instrument access requirements.
Table 3

Instrument Access Requirements

	
	Access For Operation Required
	Access From Grade And/Or

	Type of Instrument
	
	Portable required
	Fixed Ladder
	Fixed Platform

	1.
Thermocouples
	No
	
	
	

	2.
Test Thermowells
	Yes
	Yes
	**
	**

	3.
Dial Thermometers
	No*
	
	
	

	4.
Pressure Gage
	Yes
	Yes
	**
	**

	5.
Level Gages
	Yes
	No
	Yes
	**

	6.
Direct Mounted Temperature 
Transmitter, RTD’s and Switches 
(blind/non-indicating)
	No
	Yes
	Yes
	

	7.
Remote Mounted Transmitters 
and Switches
	Yes
	Yes
	**
	**

	8.
Remote Mounted Transmitters 
and Switches (indicating)
	Yes
	No
	Yes
	**

	9.
Recorders and Controllers
	Yes
	No
	No
	Yes

	10.
Control Valves and Other Finite 
Control Elements
	Yes
	No
	No
	Yes

	11.
Pressure Relief Valves
	Yes
	No
	No
	Yes

	12.
Auto Samplers
	Yes
	No
	No
	Yes

	13.
Density/Flow Meters
	Yes
	No
	No
	Yes


*
-But must be able to be read from platform or fixed ladder.
**
-To be used if available.

Yes
-Required Minimum.

· Maintenance access is required to all instruments but can be by portable ladder from grade or by platform.
· All level instruments shall be accessible from grade, platform or ladder.  Their location shall be consistent with function and with convenience of plant operation.

· Where strong backs are provided for external level instruments, their minimum pipe size will be NPS 3, STD. WT for carbon and low alloy steels and NPS 3, SCH 80S for S.S.  Block valves shall be provided at the vessel connections.

36.2 Control Valve Manifolds

· Control valves shall be located at grade or on conveniently accessible platforms.  Their locations shall be consistent with their function and with convenience of plant operation.  In general, they shall be located in sight of instruments or indicators showing variables they control.

· Control valves in flashing service shall be located near the end of the piping, to minimize flow induced vibration, erosion and cavitation problems.  Also, the downstream block valve shall be the same size as the downstream line.

· Where high pressure drop conditions exist across control valves, sonic harmonics along with extreme noise levels can be expected.  Piping subjected to these conditions must be carefully analyzed and designed to ensure that its size and configuration downstream of the valve prevents excessive vibration and noise.
· The location of control valves shall be planned for accessibility and removal.  Clearance shall be provided in the piping arrangement to permit removal of the plug and valve superstructure without removing the valve body from the piping.
· When practical, lines shall be routed to group control valves at grade or at an operating platform; otherwise, access platforms shall be provided.  An effort shall be made to locate all upstream or downstream instrument devices for control valves, other than level devices, at the control valve location.

· Normally, block and bypass valves shall be installed around all control valves, unless they have been omitted (dependant on process operating conditions) during the detailed P & ID review.  Control valves without block and bypass valves shall be supplied with a manual hand-wheel.
· When required, the size of block and bypass valves shall be as follows:

a)
Where the header is NPS 2 or smaller, a globe type bypass valve the same size as the header shall be used.

b)
Where the header is NPS 3 or larger, a globe type bypass valve one size smaller than the header shall be used.  Where globe valves of this size are not available in the piping material specification, gate valves may be used.

c)
Block valves shall be at least one size larger than the control valve, but not larger than the header.

· Bypass valves installed around a pressure reducing valve shall not have a greater capacity than the reducing valve.  A pressure gauge shall be installed on the low pressure side of and immediately adjacent to the pressure reducing valve.

· Where a flanged control valve smaller than line size is used, flush bottom eccentric reducers shall be used adjacent to the control valve flanges to prevent trapping liquids or vapours in the line.  Flangeless control valves shall require installation of a control valve size spool to allow removal of the bolts.

· Control valve stations for steam to pumps, turbines or other critical types of equipment shall be located at operating levels.  The control valve shall be installed in such a manner to prevent the collection of sediment and scale at the valve inlet.  A NPS ¾ blowdown valve shall be provided at the lowest point of the inlet steam line.

· NPS ¾ (minimum) gate valve, for draining and/or release of pressure, shall be provided at the low points in the piping on both sides of the control valve and the adjacent block valves.  These drain/depressurising valves shall be installed on the underside of the line and shall point downward.  Round head pipe plugs shall be inserted in the open ends of the valves, or where the drain valves are flanged due to line class requirements, the blind flange shall be equipped with a 4” long nipple and cap.

· By-pass valves in steam control sets shall be located at the top horizontal portion of the by-pass line in order to avoid a build up of condensate.

36.3 Orifice Runs

· Horizontal meter-runs are preferred.  Determine the length of each meter run in accordance with Appendix 3.  Sufficient clearance shall be provided at orifice flanges for installation of instrument piping and seal pots where they are required.  
· Orifice flanges shall be equipped with jack screws.
36.4 Thermowell Connections

· Threaded thermowells are permitted only in services where threaded fittings are acceptable in the Pipe Class Table.

· Flanged thermowell nozzles shall be pipets, NPS 2 x 6” long with wall thickness per Pipe Class and Class 300 flange minimum.  If butt welds are used, the root pass must be ground smooth.

· On NPS 4 lines, thermowells shall be installed on elbows 
· Lines NPS 3 and smaller shall be increased to NPS 4 at the thermowell elbow.  Straight lines increases require prior approval from Instrument and Process Engineering.

· Thermowell nozzles on clad or weld overlayed pipe shall be sized to account for the reduction of internal diameter due to the cladding or weld overlay.

37.0 Pressure Relief Systems
37.1.1 Safety and relief valves shall be provided, sized and installed in compliance with the applicable boiler, pressure vessel and piping codes.

37.2 Piping

· The size of the inlet line shall not be less than the size of the relief valve inlet.

· The length of the inlet piping shall be as short as practical to avoid excessive pressure drop in the line.

· Full inlet line class requirements shall be used up to and including the isolation valve downstream of the PSV for pilot operated PSVs.

37.3 Discharge to Atmosphere

· For water service discharge to paving or suitable drain.  For thermal relief valves, the valve can be located on the pipe centerline with the discharge pointing downwards.

· Small reliefs, protecting blocked-in process piping or equipment against fluid thermal expansion shall discharge to a suitable drain or closed blowdown system.  See 5.10.3.4 for additional requirements.
· Relief valves discharging to into a closed blowdown system shall be elevated to provide self draining of discharge side into the blowdown system.  Relief valves discharging vapour to atmosphere must be provided with a pipe stack ending at least 3.0 m above any platform within a 75m radius.  A NPS ¼” weep hole (or as sized on P & ID) shall be provided at the bottom of the stack to prevent liquid accumulation.  If the stack is insulated, weep hole shall be provided with a nipple to clear the insulation.  If the weep hole would discharge to a platform, a NPS ¾” sockolet and NPS ¾” line shall be provided to a safe location.  EHT and insulation shall be used on this weep hole drain if there is a possibility of freezing.
· Vent valves shall be provided between the inlet block valve and the PSV, and between the PSV and the outlet block valve. 
37.4 Piping to Closed System

· Any pressure relief valve discharging to a closed system shall be installed so that the discharge piping slopes away from the relief valve, into the header.  If this is not possible, a NPS ¾ valved drain line shall be installed from the lowest point in the discharge piping to a safe area.

· Blowdown headers shall be installed so that the piping slopes into the blowdown drum.  Where this is not practical, the low points in the header shall be steam traced and insulated, and a NPS ¾ valved drain line shall be provided.

· The bonnet vent of a relief valve with bellows shall NOT be piped to the discharge line, but be piped to atmosphere if safe or a closed reservoir at atmospheric pressure.  The line shall be freeze protected.

· Thermal relief valves on blocked-in sections of storage tank piping shall discharge back to the non-blocked-in tank piping, tank, or disposal system.

37.5 Block Valves

· Where a block valve is installed to permit removal of a relief valve during unit operation it shall be located immediately below the relief valve, and be car-sealed or locked open.

· Where a pressure relief valve discharges into a header and an outlet block valve is installed, this valve shall be car-sealed or locked open.
· Any block valve shall be full port gate or plug type.

· Any valve mounted in a horizontal pipe run shall be orientated with the valve stem at or below the horizontal centerline to avoid line blockage in the event that the gate breaks away from the stem.

· Where a relief valve is fitted with block valves and a by-pass valve, the by-pass valve shall be mounted in a horizontal leg and shall drain into the relief valve outlet line.

37.6 Location

· Access to pressure relief valves shall be in accordance with Table 3.

· Relief valves may be located on the piping instead of on the equipment and shall be located at the lowest possible elevation that may be economically justified.  This shall be reviewed and approved by the Process System and Instrumentation Engineers.

38.0 Underground Piping

38.1 General

· Underground piping refers to process and utility lines below grade.  Lines shall be laid along the side of roads and outside of tank walls.  Lines shall not be routed under foundations.  
· All underground steel pipes and sleeves must be coated and wrapped.  This includes pipe to be installed in casings.  
· Burial depth for lines susceptible to freezing shall provide a minimum cover from top of pipe to finished grade at least equal to the frost line.  The frost line shall be considered:

a)
3.0 m for Alberta & Northern British Columbia

· Additional depth and/or casings may be required for mechanical protection.  Depth of fire protection lines must be per NFPA 24.

· For lines not susceptible to freezing, burial depth is for mechanical protection only, not necessarily below the frost line.  Minimum burial depth shall be 1200 mm.

· Buried steel lines shall be provided with a 150 mm minimum protective covering of sand on sides, bottom and top with the balance of the trench filled to grade with earth backfill.

· Lines with operating temperatures 160ºF (71ºC) and above shall not be buried without written permission of the Owner’s representative.
· Underground lines beyond the unit area limits shall be NPS 3 minimum pipe size except for sanitary water and chemical lines.

· Elevation of underground lines shall be given to the outside bottom (OB) of pipe or to the invert or inside bottom (IB) of sewer lines.

· Non-insulated pipes going through casings must be installed with commercially available casing insulators which will support the pipe and isolate it electrically from the casing.

· There shall be no direct burial of flanges, non-seal welded threaded connections, or other mechanical connections which have the possibility of leakage.

· Insulation kits shall be provided at all flanged joints where underground piping is connected to above ground piping in metallic piping systems.

· The need for cathodic protection shall be assessed as part of the design and prior to construction of underground piping systems.

· Minimum clearance for sewer lines shall be 600 mm between outside diameter of the pipe.  Clearance between underground lines shall be  300 mm minimum except cooling water lines shall have 450 mm clearance where heat transfer is probable.  Local building codes must be followed for clearance.

38.2 Road Crossings

· Piping below city, country, provincial or refinery roads shall run in sleeves, tunnels or culverts and shall conform to local, provincial or state regulations.  The design of such crossings shall be submitted to the appropriate regulatory authority for approval before installation is started.  For typical configuration of insulated and uninsulated lines. 
· Road crossings shall normally be at 90º to the road, never less than 45º.

39.0 Tank Field Piping

39.1.1 Tank field piping requires special restraints and allowances for large non-thermal movements.  The special restraints are due to dike penetrations and the non-thermal movements due to possible tank settlement.

39.1.2 Dike penetrations may be in open sleeves, sleeves sealed with the lines welded to one end with steel collars and with the lines buried.
39.1.3 Lines connected to tanks subject to settlement cannot be supported rigidly from grade near the tank.  When the settlement is large, the lines must be supported from the tank itself, or on resilient supports such as springs.  Tank nozzle rotations or deflections due to shell bowing require consideration in supporting lines connected to the tank.

40.0 Injection Points and Process Mix Points

· Injection points are locations where chemicals or process additives are introduced     into a process stream.  Special attention is required in designing the point of injection of corrosion inhibitors, neutralizers, process antifoulants, antifoam, desalter demulsifiers, oxygen scavengers, caustic, and water washes to mitigate the potential for erosion, corrosion, fatigue or other mechanical damage and to also ensure proper mixing occurs. 
· The design of the injection system shall consider the purpose, location and method    of injection as well as materials selection for the injection device (quill/nozzle), injection delivery system and piping or equipment into which the material is being injected.  High alloy materials are normally required.
· Injection quills/nozzles shall be designed to be removable for inspection and/or cleaning.  The need for in-service removal of injection quills shall be identified if required.

· Mix points, where the joining of two or more process streams of differing composition and/or temperature takes place require attention to design.  Risks such as cyclic service (due to thermal cycling or flow induced vibration for example), differential thermal stress, localized erosion, localized corrosion, environmental cracking, and mechanical loads shall be addressed in the design.

· Injection points and process mix points shall be located to allow sufficient time for mixing, contacting, reactions, etc. to occur prior to flow disruptions in the process line which could lead to localized erosion or corrosion.  The design shall ensure risks associated with impingement erosion or erosion-corrosion are minimized.  

41.0 Cleaning of Piping Systems
41.1.1 The following piping systems shall be specified for special cleaning by either mechanical or chemical methods, prior to being placed in service:

a)
Oxygen service piping

b)
Lube oil and seal oil piping

c)
Compressor suction piping
d)
Steam turbine inlet piping

e)
Boiler feedwater systems, downstream of De-aerators

f)
Other process sensitive systems (to be determined by Process Engineering)

41.1.2 All cleaning procedures shall be approved by the Owner before cleaning is carried out.  
41.2 Internally Coated Piping

41.2.1 Internally coated piping shall be no smaller than NPS 2.

41.2.2 Root passes of buttwelds performed in a fabrication shop shall be specified as GMAW or GTAW process to facilitate an internally smooth surface.  Coating will be stopped 180 mm back from any field welds which will be left bare after field welding.

41.2.3 Piping spools shall contain no more than one elbow so that reasonable access for coating application can be maintained.
41.2.4 Piping spools shall be small enough to fit in the applicator’s curing oven if specified.
42.0 Piping in Vibrating Service

42.1.1 To limit piping vibration, anchors and supports for piping in vibration service shall be selected in accordance with recommendations of an acoustic and mechanical resonance study.

42.1.2 Piping subject to vibration whether insulated or un-insulated shall be anchored and guided by means of heavy duty pipe clamps specially designed for this type of service.

42.1.3 “Welded on Tee” shaped beam cut shoe supports are not permitted in the section of piping deemed to be in vibrating service.

42.1.4 Designs with fillet or corner welds shall be minimized.  If corner welds are unavoidable, instructional notes will be placed on the fabrication/isometric drawings to minimize stress concentrators in the finished fabricated product.  Partial penetration welds or reinforcing pads are not permitted.  Buttwelding components shall be lined up accurately and root pass of welds shall be grounded smooth wherever possible.  GTAW shall be used for the root pass if it is not possible to grind the root smooth.
42.1.5 All gaskets in vibrating service shall be spiral-wound type.
42.2 Galvanized Piping

42.2.1 Galvanized piping in sizes NPS ½ up to NPS 2 shall be constructed from pre-galvanized threaded pipe and fittings in accordance with the relevant pipe class.

42.2.2 Galvanized piping NPS 3 to NPS 8 of welded construction shall be made from pre-fabricated pipe spools in accordance with the relevant pipe class.  These spools shall be flanged and shall be restricted to shapes and dimensions that permit hot dip galvanizing after fabrication.  The maximum size of these spools is limited to the size of the fabricators galvanizing bath and by the shipping envelope for spools.

42.3 Oil Mist Systems

42.3.1 Oil mist generators shall be located to minimize pipe runs to the pumps, i.e. in the centre of a group of pumps.

42.3.2 Oil mist distribution header, normally NPS 2, and equipment drop piping, normally NPS ¾ shall be galvanized and threaded pipe and fittings.
42.3.3 Oil mist header installation shall comply with the following:
· Wherever possible the oil mist header shall be installed so that the entire system slopes and drains towards the oil mist console.

· The oil mist header shall be sloped a minimum of 25 mm in 6 m.

· Oil mist header piping shall be installed without low spots or pockets.  Sags and low spots in the header pipe collect oil, which restricts or may completely block oil mist flow to downstream equipment.

· Oil mist distribution header shall have no valves of any type.

· Continuous sections or joints of pipe will be joined using threaded pipe tees.  Couplings are not to be used.  The tees will be installed with one outlet pointing up.  A galvanized pipe plug will be installed in the unused port.

· Branch headers shall be at least the same pipe size as the header from which it originates.

· Branch headers will connect to the top of the header from which it originates.  Wherever possible, branch headers will be sloped toward the main oil mist header so that oil drains back to the oil mist console.

42.3.4 Equipment drop piping installation shall comply with the following:

· Equipment drop piping will be connected to the top of the main oil mist header.

· Equipment drop piping will be sloped toward the oil mist header from which it originates up to the first section of pipe that extends vertically down.  From thereafter, all drop piping will be sloped toward the equipment being serviced.  Drop piping will have the same slope as the oil mist header.
· Equipment drop piping shall not exceed 10.0 m in length.
· Drop piping shall be located so that it:

a)
Terminates no less than 600 mm nor more than 1.8 m above the equipment to be serviced.

b)
Is located off centre so that equipment can be serviced without the need to remove the oil mist drop piping.

c)
Does not impede access to the equipment.

d)
Does not interfere with installation or removal of the equipment.

42.3.5 Drop piping shall be anchored to permanent structures or piping not normally removed for maintenance.

· Drop piping shall not be branched.

· Drop piping shall terminate with a manifold block.  Mist manifolds shall include:

a)
A self closing valve for draining oil that collects at the end of the drop piping.  Valve will be such that it cannot vibrate open.

b)
Tapped connections for installation of reclassifiers.

c)
A site viewing glass to reveal oil that collects in the bottom of the drop, and to allow viewing of mist flow when the drain valve is opened.

d)
If specified, a drain line shall be installed from the mist manifold drain outlet connection to the oil collection container.  Drain tubing shall be 3/8 inch OD.
42.3.6 Oil mist distribution header, branch header and equipment drop piping shall be supported to limit sagging to a maximum deflection of 1/8 of the pipe ID.
42.4 Special Services

42.4.1 Sulphuric Acid Service

· Threaded or socket welding connections are prohibited for carbon steel piping in sulphuric acid service.

· Butt-weld connections shall be used for all pipe sizes.

· All flanged connections shall have polyethylene safety covers with snap type fasteners.

· Copper or copper-bearing alloys are not permitted in this service.
42.4.2 Chlorine Service

· Chlorine shall be treated as a very toxic substance.

· A minimum of schedule 80 seamless pipe of minimum size NPS ¾ shall be used to ensure rigidity and for protection against mechanical damage resulting in possible leaks.

· Piping arrangements shall be as simple as possible, with a minimum of welded or flanged connections.  For pipe of NPS 4 and smaller, pipe bending shall be applied rather than using elbows.  Cold bending is not permitted unless the finished bend is stress relieved.

· Horizontal pipes shall be self draining with a slope of at least 1:100.

· The number of field welds shall be minimized.

· Socket welding is not permitted.  All piping shall have butt-welded joints, except for NPS ¾ vents, drains, and instrument connections which are to be threaded and seal welded.

· For material classes, see relevant business unit Piping Material Specifications.

42.4.3 Hydrogen Fluoride (HF) Service

· HF shall be treated as a very toxic substance.

· Expansion bellows shall not be used.

· All connections shall be welded or flanged; however, flanged connections shall be reduced to the least number possible to avoid leakages.

· All pipe flanges, valve flanges and valve bonnet flanges shall be painted with one coat of HF-detecting paint and shall not be insulated.

· All valves and instruments shall be located at an elevation of maximum 3 feet 3 inches (1 m) above the working floor for safe easy handling during operation and maintenance.

· All HF piping shall be installed above grade and shall be self draining (minimum slope of 1:100) to equipment or low point drains.

· Process piping shall not be smaller than NPS 1.  Vents and drains shall not be smaller than NPS ¾.  Pipe and fittings shall be threaded in sizes NPS 1 and smaller.

· All threaded connections shall be made up with PTFE tape only.  Threaded connections shall not be seal-welded.

· Socket welded fittings are not permitted.

· Drains and vents shall be connected to a closed system.

· All control valves in HF service shall be installed with block valves and a by-pass globe valve and shall have flush connection on both sides of the control valve.
· Level indicators shall be of the magnetic type.  Gauge glasses are not permitted.

· For material classes, see relevant business unit Piping Material Specifications.

42.4.4 Sodium Hydroxide (Caustic Soda) Service

· Steam connections shall be provided on caustic piping for line cleaning and blowdown purposes.

· All attachment welds to piping shall be done prior to PWHT.  PWHT requirements shall be determined in accordance with NACE SP0403.

· Hot spots due to direct wall to wall contact with steam or electric tracing shall be avoided by fitting spacers (ceramic, glass fibre, or filled phenolic resin).

· All drawings for the fabrication of carbon steel piping for this service shall be clearly marked “SODIUM HYDROXIDE SERVICE”.

· Where heat loss through pipe supports could result in process solution freezing, clamp type supports shall be used with thermally insulating strips (e.g. glass-fibre material) shall be fitted between the pipes and supports.

· For material classes, see relevant business unit Piping Material Specifications.
42.4.5 Gaseous Oxygen Service

· Oxygen piping systems shall be kept as simple as possible, with the smallest possible number of valves, fittings, branches, and nozzles.  See CGA Pamphlet G-4.4 Industrial Practices for Gaseous Oxygen Transmission and Distribution Piping Systems.

· Oxygen piping shall be located as far as possible from other piping.  Pipes containing flammable fluid, gas or steam shall not be installed within 3 feet 3 inches (1 m) distance of oxygen piping.  The free space may be utilized for lines carrying water, nitrogen or other non-flammable fluids at ambient temperature.  At points where the above requirements cannot be fulfilled, the Owner shall be asked whether any additional preventative or corrective measures are required.

· Oxygen pipes shall be located on the outermost position in pipe racks.

· Installation of oxygen pipes through tunnels or (covered or uncovered) trenches shall be avoided.  If unavoidable, flanged connections or valves shall not be used (except for low point drain connections) and the tunnel or trench shall not contain lines carrying flammable fluids or gases.  Oxygen piping shall not support other pipes.
· Underground oxygen piping installed outside process or hazardous areas shall be clearly identified above ground and kept separate from electrical cables and other piping.

· The underground piping shall have external corrosion protection.

· Expansion bellows shall not be used.

· In carbon steel and stainless steel piping systems, branches shall be made with equal tees, reducing tees or swept outlets.  In nickel-based alloy piping systems, branches shall also be made with equal tees, reducing tees or swept outlets, but branch outlets (weldolets) and branch fittings (nipples) are permitted.
· Changes in diameter shall be minimized.  Where changes in diameter are unavoidable, they shall be accomplished in steps of one nominal size at a time, and the distance between successive diameter changes shall be at least 1 m.

· Dead ends in piping shall be avoided.

· To assist in removal of the degreasing agent after cleaning, low points in equipment and piping, except underground piping, shall have drain connections without a valve but closed by a blind flange.  Underground piping shall not be provided with drains for this purpose.

· Above ground oxygen piping shall be grounded.

· Connections for purging and venting shall be situated such that purging and venting of the system can only be done in the normal direction of the oxygen flow.

· Where an oxygen line enters the plot of a process unit or a hazardous area, a block valve shall be installed.  This valve will normally only be used in emergency situations and shall be operated from behind a fire shield, or remotely from one or more suitable locations.

· Insulating flanges of cathodically protected oxygen lines shall only be fitted in a vertical section of line in order to avoid the deposition of particulate matter that might bridge the insulation.  Insulating flanges shall be protected against internal sparking caused by elevated electrical potential differences across the insulation and stray currents, induction or otherwise.  Polarization cells of sufficient rating shall always be installed across insulating joints or flanges.
· Vent lines shall be fabricated from stainless steel, and be vertical and straight in configuration.  The end of the vent line shall terminate in a tee, with a length of pipe welded on each end of the tee equal to D/2 in length.
· Gaskets shall be carefully sized to prevent any protrusion beyond the free inner surface of the pipe.

· A pipe section made from material suitable for high velocities shall be installed downstream of throttling valves.  All block valves must only be operated in the fully open or fully closed position.

· Careful attention to cleaning of oxygen system piping, valves, etc. throughout fabrication, transport, installation and in-situ cleaning is of paramount importance.  Cleaning procedures shall be in accordance with CGA Pamphlet G-4.1 as a minimum.

· For piping materials selection and line classes, see the relevant business unit Piping Material Specifications.

42.4.6 Amine Service

· All rich amine systems shall be treated as sour service applications.

· All welds in carbon steel piping shall be PWHT including external attachment welds.

· Copper or copper-based alloys shall not be used in amine service.

42.4.7 Hydrogen Peroxide Service

· Dead ends shall be avoided in hydrogen peroxide piping.

· Piping shall be vented to prevent an over pressure as a result of hydrogen peroxide decomposition.
· All piping components shall undergo a passivation process in accordance with ASTM A380 (latest revision) as applicable for austenitic stainless steels or such alternative vendor recommended process that shall be approved by the Owner.

· Spray shields shall be installed at all flanged joints.

· Vents and drains shall use flanged gate valves.

· Instrument connections shall use threaded ball valves.

· Ball valves cavities shall be vented to prevent entrapment of peroxide fluid in the open or closed position.

· Equal or reducing tees shall be used for branch connections.

42.4.8 Hydrochloric Acid Service

· PTFE lined piping system shall be utilized for hydrochloric acid service.

· PTFE lined pipe spools shall be fitted with a vent hole in the pipe.  For insulated lines, the vent hole shall be extended to take it outside the insulation.

· Gaskets are required only for connection to equipment or unlined components.

· For vents, drains, and instrument connections use flanged ball valves.

· Spray shields shall be fitted to all flanged joints.

· Refer to manufacturer’s recommendation for bolt torquing requirements.

· Double check valves shall be installed upstream of dilution tee’s on both the acid and the dilution water piping.

43.0 implementation

It shall be the responsibility of the Project Manager to determine whether this standard or The Clients equivalent standard should be adopted on the project and to ensure that the requirements of whichever standard is chosen are implemented on the project. 
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