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FOREWORD

The Iranian Petroleum Standards (IPS) reflect the views of the Iranian Ministry of Petroleum and are
intended for use in the oil and gas production facilities, oil refineries, chemical and petrochemical
plants, gas handling and processing installations and other such facilities.

IPS are based on internationally acceptable standards and include selections from the items
stipulated in the referenced standards. They are also supplemented by additional requirements
and/or modifications based on the experience acquired by the Iranian Petroleum Industry and the
local market availability. The options which are not specified in the text of the standards are
itemized in data sheet/s, so that, the user can select his appropriate preferences therein.

The IPS standards are therefore expected to be sufficiently flexible so that the users can adapt
these standards to their requirements. However, they may not cover every requirement of each
project. For such cases, an addendum to IPS Standard shall be prepared by the user which
elaborates the particular requirements of the user. This addendum together with the relevant IPS
shall form the job specification for the specific project or work.

The IPS is reviewed and up-dated approximately every five years. Each standards are subject to
amendment or withdrawal, if required, thus the latest edition of IPS shall be applicable

The users of IPS are therefore requested to send their views and comments, including any
addendum prepared for particular cases to the following address. These comments and
recommendations will be reviewed by the relevant technical committee and in case of approval will
be incorporated in the next revision of the standard.

Standards and Research department

No.17, Streetl4, North kheradmand
Karimkhan Avenue, Tehran, Iran .
Postal Code- 1585886851

Tel: 88810459-60 & 66153055
Fax: 88810462

Email: Standards@ nioc.ir
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GENERAL DEFINITIONS

Throughout this Standard the following definitions shall apply.

COMPAN:

Refers to one of the related and/or affiliated companies of the Iranian Ministry of Petroleum such as
National Iranian Oil Company, National Iranian Gas Company, National Petrochemical Company
and National Iranian Oil Refinery And Distribution Company.

PURCHASER:

Means the “Company” where this standard is a part of direct purchaser order by the “Company”,
and the “Contractor” where this Standard is a part of contract document.

VENDOR AND SUPPLIER:

Refers to firm or person who will supply and/or fabricate the equipment or material.

CONTRACTOR:

Refers to the persons, firm or company whose tender has been accepted by the company.

EXECUTOR:

Executor is the party which carries out all or part of construction and/or commissioning for the
project.

INSPECTOR:

The Inspector referred to in this Standard is a person/persons or a body appointed in writing by the
company for the inspection of fabrication and installation work.

SHALL:

Is used where a provision is mandatory.

SHOULD:

Is used where a provision is advisory only.

WILL:

Is normally used in connection with the action by the “Company” rather than by a contractor,
supplier or vendor.

MAY:

Is used where a provision is completely discretionary.
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0. INTRODUCTION

This Standard specification gives the amendments and supplements to APl Standard 560, Fourth
Edition, August 2007. "Fired Heaters, for General Refinery Services"

It is intended that APl Standard together with this Standard shall be used for fired heater

equipment for use in oil refineries, chemical plants, gas plants and where applicable, in exploration
and production and new ventures.

For ease of reference, the clause or section numbering of APl standard 560 has been used
throughout this Standard. Clauses in API Standard 560 not mentioned remain unaltered.

NOTE:

This First (1) edition dated march 2003, which is a new revision of the "IPS-G-ME-200" with
the same title and number, cancels and replaces the original (0) edition dated Oct.1996.

Guidance for Use of this Standard.
The following annotations, as specified hereunder, have been used at the bottom right hand side of

each clause or paragraph to indicate the type of change made to the equivalent clause or
paragraph of reference standards.

Sub. (Substitution) : The API Standard clause is deleted and replaced by a new clause.
Del. (Deletion) : The API Standard clause is deleted without any replacement.
Add. (Addition) : A new clause with a new number is added.

Mod. (Modification) Part of the API Standard clause is modified, and/or a new

Description and/or condition are added to that.
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1. SCOPE

The requirements outlined herein are supplementary to the data listed on the fired heater data
sheet. (Mod.)
Note:

This standard specification is reviewed and updated by the relevant technical committee on
Oct. 2015. The approved modifications by T.C. were sent to IPS users as amendment No. 1
by circular No. 462 on Oct. 2015. These modifications are included in the present issue of
IPS.

2. REFERENCES

Throughout this Standard the following dated and undated standards/codes are referred to. These
referenced documents shall, to the extent specified herein, form a part of this standard. For dated
references, the edition cited applies. The applicability of changes in dated references that occur
after the cited date shall be mutually agreed upon by the Company and the Vendor. For undated
references, the latest edition of the referenced documents (including any supplements and
amendments) applies. (Mod.)

ANSI (AMERICAN NATIONAL STANDARDS INSTITUTES)

Al1264.1 "Safety Requirements for workplace Walking/Working Surfaces and Their
Access; Workplace, Floor, Wall and Roof Openings; Stairs and Guardrails
Systems"

Al14.3 "Ladders — Fixed — Safety Requirements"

API (AMERICAN PETROLEUM INSTITUTE)

API STD 530 "Calculation Heater - Tube Thickness in Petroleum Refineries *** |so
Adoption from ISO 13704-2007. ***"

ASME (AMERICAN SOCIETY OF MECHANICAL ENGINEERS)
ASME B16.5 "Pipe Flanges and Flanged Fittings"

IPS (IRANIAN PETROLEUM STANDARDS)
IPS-E-GN-100 "Engineering Standard for Units"
IPS-E-TP-100 "Engineering Standard for Paints"

1.1 Units

International System of Units (SI), in accordance with |IPS-E-GN-100 shall be used, except where
otherwise specified. (Add.)

6. DESIGN CONSIDERATIONS
6.1 Process Design

6.1.1 Heaters shall be designed for uniform heat distribution. Multipass heaters shall be designed
for hydraulic and thermal symmetry, and uniform pressure drop per pass. (Mod.)

6.1.3 The average radiant heat flux specified on the data sheets is defined as the quotient of total
heat absorbed by the radiant tubes divided by the total outside circumferential tube area inside the
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firebox, including any fitting inside the firebox. The rows of convection tubes exposed to direct
radiation shall be considered as being in the radiant section and the maximum radiant heat
absorption rate shall apply to these tubes, irrespective of whether extended surface elements are
used or not. (Sub.)

6.1.6 The maximum radiant heat flux density is defined as the maximum heat rate to any portion of

any radiant tube. The rate shall be calculated for the front 60° of the tube surface. This density is

not to be considered as an operating average flux density for any given length of tube surface.
(Add.)

6.1.7 Process design conditions are shown on the individual Fired Heater Data Sheet.  (Add.)
6.2 Combustion Design

6.2.2 Calculated and guaranteed efficiencies shall be based on design duty, fuel lower heating
value (LHV), calculated heat losses, and the following percentages of excess air. (Mod.)

TYPE OF FUEL

TYPE OF OPERATION GAS OIL OR GAS/OIL COMB.
Natural draft 20% 30%
Forced draft 15% 20%

6.2.5 Volumetric heat release of the radiant section with natural draft burner shall not exceed
120,000 Kcal/hr/m3 for oil firing and 150,000 Kcal/hr/m3 for gas firing, at maximum heat release of
furnace. (Mod.)

6.2.7 Under all operating conditions, the outside surface temperature of the metal wall of the heated
coils shall be at least 150°C, to prevent "dew point" corrosion by sulphuric acid condensing form the
flue gases, if sulphur-containing fuels are fired. (Add.)

6.2.8 Vendor shall specify the amount of excess air and stack temperature when operating at the
guaranteed efficiency. (Add.)

6.3 Mechanical Design

6.3.13 Radiant heating section tubes shall be single row and minimum center to center distance of
adjacent tubes shall be two nominal pipe diameters. (Add.)

6.3.14 Convection tube length shall not be less than the radiant tube length on horizontal tube

heater. (Add.)
6.3.15 Steam purge connections shall be provided on all heaters. (Add.)
6.3.16 Tubes shall be so located as to prevent flame impingement. (Add.)

6.3.17 More than one roof exit or stack shall be provided for effective convection tube lengths
exceeding 12 meters. (Add.)

6.3.18 When specified on data sheet, drain connections shall be provided at the lowest point of
each heating Coil. Normally these drains are located outside the furnace. (Add.)

6.3.19 Clearance between the assembled return bend and refractory wall shall be a minimum of
100 mm after 100% linear expansion of the tube under normal operating (or decoking operation)
conditions. (Add.)
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6.3.20 Clearance between the assembled return bend and insulation of header box cover shall be
50 mm minimum after 100% linear expansion of the tube under normal operation (or decoking

operating) conditions. (Add.)
6.3.21 Coils shall not be installed on the floor of a heater. (Add.)
7. TUBES

7.1.3 Design temperature for calculating the tube wall thickness required shall be 27°C above the
maximum calculated tube wall temperature. The maximum calculated tube wall temperature shall
be based on the maximum local heat flux. The design metal temperature (Td or Te of API STD 530)
shall not exceed the values shown in Table 16 below. (Sub.)

TABLE 16 - MAXIMUM DESIGN METAL TEMPERATURE FOR TUBE MATERIALS

TUBE MATERIAL MAXIMUM TEMPERATURE
Carbon steel 450°C
C-%% Mo Alloy steel 500°C
1¥4 % Cr -1% Mo Alloy steel 600°C
2%, %Cr-1% Mo Alloy steel 600°C
5 %Cr-%2 % Mo Alloy steel 650°C
7 %Cr-%2% Mo Alloy steel 650°C
9% Cr-1% Mo Alloy steel 650°C
18 %Cr-8%Ni Stainless steel 815°C
18%Cr-10%Ni Stainless steel 815°C

7.1.8 Design pressure for calculating tube wall thickness shall be equal to the value stated on the
individual data sheet. (Add.)

7.1.9 Corrosion allowance shown on the individual data sheet shall be added to the calculated tube
wall thickness. Minimum tube wall thicknesses excluding corrosion allowances shall be as shown
on the specification data sheets. (Add.)

7.1.10 For decoking purposes, heater tubes shall have a box or plug fitting at one end of each coil
loop. If required, long tubes shall have a plug fitting at both ends of each coil loop. (Add.)

7.1.11 Tubes, tube supports, and extended surfaces shall be designed to withstand the metal
temperatures and thermal stresses resulting from steam and air decoking. (Add.)

7.1.12 All attachments, clips, lugs, etc., (except extended surface fins or studs, and tube skin
thermocouples) shall be of the same material as the tubes which they are attached. (Add.)

7.1.13 Coils in hydrogen service shall have butt welded return bends. (Add.)

7.2 Extended Surface

7.2.1 The Company shall specify in which Cases extended surface are acceptable Conjunction with
an effective on-line cleaning system, such as a soot blowing system. The extended surface in

convection system shall be finned, with helically wound fins high frequency continuously welded to
the fine, segmented fins shall not be applied unless approved by the company. (Sub.)
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7.3 Materials

7.3.1 To avoid stress corrosion cracking, all austenitic steels shall be supplied in the solution heat-
treated (fully-softened) condition.

Where austenitic steels in Grades Type 321 or 347 are to be exposed to H,/H,S /hydrocarbon
conditions above a metal temperature of 400°C, the solution heat treated pipe shall be given a final
thermal stabilizing treatment at 870°C for 4 hours. This is to minimize intergranular attack from
polyphonic acids.

Stainless steel welded components shall be given a stress relief heat treatment after welding as
specified in applicable code. (Add.)

8. HEADERS
8.1 General

8.1.5 The minimum thickness of all headers and fittings inside the heater shall be at least equal to
the minimum thicknesses of tubes to which they are attached. (Add.)

8.1.6 Header type shall be as indicated on the individual data sheets. (Add.)
8.2 Plug Headers
8.2.10 All plug headers shall be housed within air tight header boxes. (Add.)

8.2.11 After hydrostatic test, vendor shall lubricate plug and seating surface with high temperature
rust preventative lubricant (Molykote or equal). (Add.)

8.3 Return Bends
8.3.5 All butt welded return bends shall be arranged as follows:

a) Radiant section return bends shall be located inside the heater.

b) Convection section return bends shall be located in header boxes.

¢) Arrangement shall be provided for coil removal and replacement.
Convection section tube spacing shall provide sufficient clearance for field welding during initial
installation and to facilitate repairs. This may be accomplished by staggering alternate rows of
return bends at either end of the heater. (Add.)

8.3.6 All return bends shall be attached by butt welded construction. (Add.)

8.3.7 All but welded fittings shall be seamless and of the same or greater wall thickness as the tube
to which they are attached.

If fittings are of greater wall thickness than the tube to which they are attached, they shall be taper
bored at an angle of 30 to match the inside diameter of the tube. (Add.)

9. PIPING, TERMINALS AND MANIFOLDS
9.1 General
9.1.2 Flanges shall be of the welding neck type, in accordance with ASME B16.5. The flange rating

shall be at least ANSI class 300. The material of the flanges shall be compatible with that of the
furnace coils to which they are welded: (Mod.)
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FURNACE COIL MATERIAL FLANGE MATERIAL (ASTM)
Carbon steel A 105 - Normalized (C — Content max. 0.25%)
0.5 Mo A 182 - F1 (C - Content max. 0.25%)
1 Cr-0.5 Mo A 182-F12or A 182-F11
2.25 Cr-1 Mo A 182 - F22
5 Cr-0.5 Mo A 182-F5
9 Cr-1 Mo A 182 -F9
18/8 Cr-Ni* A 182 - F304L or F321H
18/10/2 Cr-Ni -Mo* A 182 - F316L or forged AISI 316 Nb

* For the application of 18/8 Cr. Ni types 304 H and 321 H above 650°C and of 18/10/2 Cr- Ni-Mo type 316 above 500°C
special tests with a view to sensitivity to sigma-phase formation shall be specified after consultation with the
Company.

9.1.9 Manifold shall be designed to provide uniform flow distribution to all passes. The maximum
differential flow between any two passes shall be limited to 5 percent. (Add.)

9.1.10 Manifolds shall have either extruded nozzles or welded fittings at all branch connections.
(Add.)

9.3 Materials

Crossover piping from the convection section to the radiant section shall be external, welded and
insulated. (Mod.)

10. TUBE SUPPORTS

10.1 General

10.1.1 The design temperature for the tube supports and guides shall be at least equal to the

maximum flue gas temperature in contact with the supports at the maximum heater firing rate.
(Mod.)

10.1.2 Intermediate guides on vertical tubes supported at the bottom shall be spaced such that the

maximum distance between guides, or guide and bottom supports, shall not exceed fifty (50) tube

outside diameters, or 7.6 m), whichever is the lesser. (Mod.)

10.1.3 In addition, the maximum distance from the butt weld between the tube and return bend, and
the nearest support shall be ten (10) outside tube diameters, or 3 m, whichever is less. (Mod.)

10.1.7 Maximum unguided length of vertical tubes fired on only one side shall be 10.7 m (35 ft).

(Add.)
10.1.8 For bottom guided tubes, the guide pipes shall extent at least 13 mm (Y2 in) through the
furnace floor. (Add.)
10.1.9 Intermediate tube sheets shall be designed as described below: (Add.)

a) If Sootblowers are used, or space for addition of Sootblowers is provided, any
intermediate tube sheets required between adjacent Sootblowers (or spaces provided
therefore) shall be located equidistant between them.

b) The minimum thickness of the tube sheet flanges and web shall be 16 mm.
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c) If tube sheets are to be refractory coated, sleeves shall be attached to the tube holes to
prevent the refractory from being damaged by the tubes.

10.1.10 Tube bearing surfaces shall not have sharp points or ridges which could cause damage to
heater tubes. (Add.)

10.2 Loads and Allowable Stress

10.2.2 Tube support maximum allowable stresses shall be as follows: (Sub.)
a) The maximum allowable dead load stresses shall not be greater than % the stress
required to produce one-percent creep in 10.000 hours, or % the stress to produce rupture
in 10,000 hours whichever is less.
b) The maximum allowable dead load plus frictional stresses shall not be greater than the
full stress required to produce one percent creep in 10,000 hours or produce rupture in
10,000 hours whichever is less.
¢) Tube support design shall be based on elastic design principles.

10.3 Material

10.3.3 The materials for bolts and nuts to be embedded in insulation shall be as given in Table 17
below: (Add.)

TABLE 17 - MATERIALS OF BOLTS & NUTS

PARTS DESIGN TEMPERATURE MATERIALS
°C

Bolts & nuts 500 and lower Bolt ASTM A 193 B7 or equal
(Fastening tube Nut ASTM A 194 2H or equal
supports or 815 and lower Bolt ASTM A 193 B8 or equal
guides Nut  ASTM A 194 8N or equal
to casing or lug) 1090 and lower Bolt 25Cr-20 Ni

Nut 25Cr-20 Ni

11. REFRACTORIES AND INSULATION
11.1 General

11.1.13 Radiant and convection wall and arch designs may utilize brick, castable, block insulation
and/or ceramic fiber refractory; except when the fuel fired contains greater than 0.5 percent (by
weight) sulfur, or greater than 400 ppm (mg/kg) vanadium. For the latter cases, only castable shall
be utilized. Walls subject to flame impingement or severe gas erosion shall have a "hot face" layer
of first quality firebreak or dense castable refractory. (Add.)

11.2 Brick and Tile Construction

11.2.10 Insulating firebrick shall have flat, uniform surfaces on all faces which have been ground or
cut to size within a tolerance of plus or minus 1.6 mm for all dimensions. (Add.)

11.2.11 Each brick in a brick arch, or a brick lining on a sloped flat casing must be individually tied

back to the furnace casing. Brick hangers shall be TP 304. (Note: Castable refractory type hangers
are not acceptable for this service.) Except for the floor "hot face" layer of brick, all brick joints shall

10
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be set with fireclay or high temperature air setting mortar. The floor "hot face" layer of brick shall be
field installed, with the brick laid dry. Mortar joints should be dipped on two edges, except at
expansion joints. Brick should be placed against mating surface and tapped gently to ensure
uniform joints. (Add.)

11.3 Castable Construction

11.3.12 When castable refractory is installed on heater panels prior to connection of the panels by
welding in the field, a 150 mm (6 in.) gap shall be left unlined at the junction of the panels to allow
room for assembly of panels. (Add.)

11.3.13 Convection section end tube sheets shall be protected by a minimum of 100 mm (4 in.) of
castable refractory. Refractory tiebacks for end tube sheets shall be placed in a random orientation
between the “ferrules"” or "sleeves" attached to the end tube sheets. Wire mesh or wire wrap around
the "ferrules” is not acceptable. In order to minimize flue gas flow into convection header boxes, the
annular space between tubes and the end tube sheet "ferrules" shall be with ceramic fiber blanket
or rope. The space between fins or studs shall be filled with castable refractory. In all cases, the
packing shall extend through the thickness of the end sheets, including refractory. (Add.)

11.3.14 Additional refractory tie-backs shall be provided such that the entire refractory anchoring
system extends to within 50 mm of the edge of all panels and door opening within the panel.

(Add.)
11.3.15 When the fuel fired contains sulfur and/or vanadium compounds within the limits described
below, the following material restriction shall govern. (Add.)
FUEL FIRED ACCEPTABLE MATERIAL
CONTAINS
Casell 1. Total concentration of free alkali, Mgo and iron in the
2> 0.5% (Wt) sulfur aggregate shall be less than 1 percent.

2. "Hot face" to be medium weight castable or easier.
3. Binder shall be calcium aluminates cement.

Case 1. "Hot face" to be only dense type castable.
> 400 ppm (mg/kg) 2. Overall Al,O3 content 40 percent minimum with not less
vanadium than 40 percent Al,03 in aggregate.

3. Si,03 content 35 percent maximum.

11.4 Ceramic Fiber Construction

11.4.22 Selection of tie-back material shall be based on temperature as follows: (Add.)

REFRACTORY HOT FACE ACCEPTABLE MATERIAL
TEMPERTURE (1)

760°C 18 Cr-8 Ni (Type 304)

980°C 25 Cr-20 Ni (Type 310)

1040°C 50 Cr-50 Ni

1090°C Inconel 601

1260°C Inconel 601 with ceramic cup locks

Note:

No credit may be taken for covering of the tie-back tip.

11
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11.5 Multi-component Lining Construction

11.5.6 Block insulation shall be used only as a "back-up" material for refractories exposed to
products of combustion, and shall have a maximum thickness of 76 mm. (Mod.)

11.5.8 Block insulation shall be waterproof when used with castabl construction to minimize water
migration from the castable. Treatment shall consist of two coats of a resin base membrane curing
compound or two coats of sodium silicate. (Mod.)
12. STRUCTURES AND APPURTENANCES

12.1 General

12.1.2 Minimum design loads for wind and earthquake shall conform to the structural design code
specify by purchaser. (Add.)

12.2 Structures

12.2.1 The structure shall be able to withstand the loads of coils, ducting, etc., live loads and any
loads due to expansion and weights of transfer lines and other piping. (Mod.)

12.2.3 Heater casing shall be 5 mm (3/16 in.) minimum plate thickness, reinforced against warping,
such that the maximum unreinforced panel size does not exceed 1.5 m* and no panel dimension is
greater than 1.5 m. If casing is used as part of main heater structure, minimum plate thickness shall
be 6 mm (Y2 in.). (Mod.)

12.2.11 The minimum distance between two box-type structures (furnaces or convection sections)
shall be 2.5 m, to ensure accessibility for erection, maintenance and operation.

This distance should also provide sufficient space for routing of piping (transfer lines/crossovers)
and air ducting. (Add.)

12.2.12 Floor plates shall be supported by structural beams which are a part of the heater structure,
as follows:

a) Attachment to the beams shall be either by 12 mm diameter bolting with casketing or by
100% welding.

b) A minimum of two bolts per side shall be installed for each plate, with 600 mm maximum
center-to center spacing. (Add.)

12.3 Header Boxes, Doors, and Ports

12.3.1 Header boxes

12.3.1.2 Header boxes shall have bolted and gasketed end panels and include two lifting handles.
Structural steel bolts shall be used with spacing no more than 150 mm (6 in.). Maximum panel
height shall be 1.8 m (6 ft). Panels weighing more than 30 kg (65 Ib) (including refractory lining)
shall be hinged. (Mod.)
12.3.1.3 Header housing (including such items as doors) shall be of steel plate. 6 mm minimum
reinforced against warping and internally insulated. The box shall be furnished with a drain

connection. (Mod.)

12.3.1.6 All convection return fittings and, if so specified on the data sheets, radiant return fittings
shall be housed in airtight header boxes. (Add.)

12
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12.3.2 Doors and ports

12.3.2.5 Observation doors and ports shall be provided as required to permit visual observation of
entire length of all radiant tubes, radiant tube supports, the bottom row of shield tubes, and all
burner tips and flames. Observation doors shall be of cast construction, shall be equipped with a
positive latching device and shall be located 1.37 m above platforms. (Mod.)

12.3.2.7 When soot blowers are provided, the inspection doors shall be provided on the walls in
order to confirm the cleaning of convection tubes. (Add.)

12.3.2.8 Explosion doors shall be provided on all furnaces, with safety retaining device to support
door weight in case of hinge failure.

Location and arrangement of explosion doors shall be such as to prevent direction of flame or
explosive force onto any area or equipment accessible by operators or likely to cause other damage
or fire. Flame deflectors may be used to direct flames from such areas. (Add.)
12.3.2.9 Access doors weighting more than 68 kg shall be provided with hinges or davits. (Add.)
12.3.2.10 Air leakage through the doors, when closed, shall be kept to a minimum. (Add.)

12.4 Ladders, Platforms and Stairways

12.4.9 Headroom over platforms, walkways, and stairways shall be minimum of 2 m as measured to
the lowest point of overhead structural framing (including fireproofing) or equipment. (Mod.)

12.4.12Platforms for servicing access doors shall preferably be located not more than 150 mm
below the bottom of door. (Add.)

12.4.13 A means of escape, in addition to the usual access, shall be provided from platforms, where
the travel distance to an access exceeds 15 m. (Add.)

12.4.14 Minimum live load on platforms and walkways shall be considered as shown in the following

table: (Add.)
Platform only for access operation or inspection 150 kg/m2
Walkways

Platforms for maintenance 300 kg/m2

13. STACKS, DUCTS, AND BREECHING
13.1 General

13.2.3 The top of stack linings shall be protected with a metal cap designed to effectively prevent
water penetration between the stack shell plate and the lining. (Mod.)

13.1.3 Portions of stacks and ducting which are adjacent to instrumentation or equipment which
requires frequent attention shall be insulated so that the temperature of outer plate surface does not
exceed 93°C. (Add.)

13.1.4 An access opening for internal inspection at the base of each stack shall be provided.
(Add.)

13.1.5 Top of stack shall be a minimum of 7 meters above any platform or walkway which is located
within 15 meters horizontally, of the stack unless otherwise specified. (Add.)

13
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13.1.6 Each duct shall have an access opening 600 mm x 600 mm minimum size. (Add.)

13.2 Design Considerations

13.2.21 Design shall be based on operation at 125% of furnace design capacity with 50% excess
air. (Add.)

13.2.22 Maintenance access for heater stacks shall be provided. This should enable two men, with
paint spray or gunite machine to work inside or outside each stack. Inside access will be via 3 point
stack tip mounted stainless trolley bars and stainless pilot cables, and outside access via a trolley
rail around stack tip with pilot cable. In both cases loading should be designed for a trolley capacity
of a minimum of one ton. (Add.)

13.5 Wind Induced Vibration Design

13.5.10 When ladders, platforms, or piping are attached to stack, the wind loading shall be

increased by multiplying the stack diameter by the following factors: (Add.)
Stack OD (mm) Factor
610- 890 1.50
891-1350 1.37
1351-1960 1.28
1961-2570 1.20
2571-UP 1.18

14. BURNERS AND AUXILIARY EQUIPMENT
14.1 Burners

14.1.23 All burners shall be capable of operation through a range of capacities from 33% to 120%
(oil firing) or 25% to 120% (gas firing) of the maximum heat release without requiring any change in
burner parts. The maximum heat release of all burners shall be suitable for 120% furnace design
duty. (Add.)

14.1.9 Each burner shall be provided with a fixed gas pilot burner arranged to light all the fuels.

The pilot burners shall be suitable for a gas pressure of between 0.2 to 0.5 kg/cm? g, be easily
visible in normal operation and sized to remain alight under maximum furnace draft conditions.

(Mod.)

14.1.12 Burner block or tile shall be prefired, have a minimum service temperature of 1650°C and
shall be laid in high bonding cement. They shall be designed to be independent of the floor or wall
refractory, with expansion space provided and filled with ceramic fiber insulation, so that the burner
will be free to expand and contract as a unit. In addition, on bottom fired heaters only, the burner tile
shall be designed such that it extends a minimum of 25 mm above the furnace floor refractory.
(Mod.)

14.1.24 The Vendor shall provide burner outline drawings showing size and orientation of burner
fuel connections; burner capacity data at maximum, normal and minimum heat release, density and
heating value of fuel(s); gas tip drillings; atmospheric pressure and temperature at jobsite; and the
draft loss across the burner and plenum. In addition, the Vendor shall provide burner performance
curves showing fuel pressure versus heat release for all fuels specified on the data sheets over the
full operating range of the burner. The minimum fuel pressure for stable flame shall be labeled on all
burner performance curves. (Add.)

14.1.25 Multiple burners are preferred on all heaters. (Add.)
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14.1.26 Where foul gases or waste gases are disposed of by burning in a process furnace, such
gases shall be piped separately to some or all of the main burner registers and injected into the
main flame through separate gas nozzles. The distribution to the main burners shall be selected
according to the quantities of such gases being burnt relative to the main fuel flows. (Add.)

14.2 Sootblowers
14.2.7 A local soot blowing panel shall be provided with the following facilities:

a) A master switch for the sootblowing sequence operation, also switches for individual
operation or for the by-passing in sequence of the Sootblowers;

b) Indicating lamps showing the operation of each sootblower;
¢) Automatic control of the sootblower steam master valve;

d) An interlock to prevent sootblower operation until the piping has reached preset
temperature, with a lamp to show "drainage complete";

e) An alarm if the sootblower has not retracted within a stipulated time;

f) Retraction of the sootblower on low steam pressure or overload condition. (Add.)
14.2.8 Tube and fin erosion shall be avoided by locating the nozzles at sufficient distance from the
tubes to avoid high velocity impingement. Unless otherwise specified by the sootblower vendor,
blowing lance shall be 460 mm clear between the extended surfaces or tubes, as applicable. The
build-up of condensate in the supply lines shall be avoided by the provision of adequate automatic
drains and warming through connections. (Add.)
14.4 Dampers and Damper Controls for Stacks and Ducts
14.4.10 Dampers for stacks under 1.22 m inside diameter shall be of single blade construction.
Larger diameter stacks shall have multiplied dampers with each blade of approximately equal

surface area. Minimum blade thickness shall be 6 mm. (Sub.)

14.4.11Controllers for pneumatically operated dampers shall be located on the platform adjacent to
the damper. (Add.)

15. INSTRUMENT AND AUXILIARY CONNECTIONS
15.1.2 Flue gas and combustion air pressure

15.1.2.10 A high pressure alarm connection shall be installed immediately below the convection
section of forced draft heaters. (Add.)

15.1.3 Flue gas sampling

15.1.3.6 Oxygen analyzer connections shall be provided below the damper, and at bridge wall.
(Add.)

15.1.3.7 Connections for manual flue gas sampling shall be provided at bridge wall and stack
damper. (Add.)

15.3.1 Purge steam connections

15.3.1.6 Utility purging steam connections to provide three firebox volume changes per 15 minutes
shall be distributed throughout the radiant section. (Add.)
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16. SHOP FABRICATION AND FIELD ERECTION

16.1 General

16.1.6 Where provided, feed water preheat, steam generation, and steam superheat coils and
manifolds, plus steam drums, drum trim, and all interconnecting piping shall be fabricated in
accordance with section | of the ASME Boiler and Pressure Vessel Code. (Add.)

16.2 Structural Steel Fabrication

16.2.1 m) When stainless steel anchor to tieback material is used, a type 25 Cr-12 Ni electrode

shall be used. All refractory anchors shall be shop installed. Refractory anchors shall be welded on

the corner of the convection opening "bull nose" for light and medium weight castable refractory.
(Mod.)

16.2.2.7 All stacks shall be of full penetration butt-welded construction. Longitudinal seams shall be
staggered and shall clear all stack openings and reinforcements. Field splices shall be welded joints
with bolting for positioning only. (Add.)

16.3 Coil Fabrication

16.3.1 Gas welding is not acceptable. (Mod.)
16.3.8 All attachments, clips, lugs and guides welded to coils shall be of the same or compatible
material as the coil and shall be welded to the coil with a full penetration weld using an electrode of

composition compatible with the coil and attachment. Post Weld Heat Treatment shall be the same
as required for the coils, fins, and studs; tube skin thermocouples are the only exceptions.

(Add.)
16.3.9 Tack welds shall be made with the same type of electrode or filler wire that is used for the
root pass. (Add.)
16.3.10 Filler material (Add.)

16.3.10.1 The use of carbon ¥ molly filler metal for welding (P-1) carbon steel is not permitted
without Purchaser's approval. (Add.)

16.3.10.2 Electrodes of the following classification are not acceptable for pressure containing welds:
E-6012, E-6013, E-7014, E-7020 and E-7024. (Add.)
16.4 Painting and Galvanizing

16.4.1 All external carbon steel surfaces (except those which require galvanizing) including stack
shall be primed in accordance with IPS-E-TP-100 "Paints". (Sub.)

16.4.3 All carbon steel plat forming, stair treads, railings, ladders and fasteners shall be galvanized.
Galvanized to galvanized joints shall be bolted. (Mod.)

16.5 Refractories and Insulation

16.5.9 Immediately prior to resuming lining application, the exposed surfaces of the refractory, to
which a bond will be made, shall be thoroughly wetted. (Add.)

16.5.8 f) After the water curing, the lining shall be allowed to dry under ordinary atmospheric
conditions for as long as possible but not less than 72 hours. (Add.)
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16.5.8 g) The lining shall be properly cured by being kept moist during its period of hardening. The
curing shall consist of light applications of clean, cool water, and shall be started as soon as the
exposed surface is hard enough to permit spraying without washing out the cement which is
approximately the period of initial set. Care must be exercised in avoiding a stream of water that is
too harsh. The sprinkling shall consist of merely a fine mist or spray. (Add.)

16.5.8 h) During hot dry weather it may be found necessary to start spraying three or four hours

after the lining has been applied. Therefore, arrangements shall be made for spraying the concrete

already placed in the bottom portion of the stack while the succeeding rings are being applied.
(Add.)

16.5.8 i) At no time during the curing period shall the intervals between spraying be greater than 2
hours. Once started the curing shall be continued without interruption for at least 24 hours after the
last portion of the lining has been applied. (Add.)

16.5.8 j) When first placed in service, the temperature of the equipment shall be raised slowly to
gradually expel excess moisture. (Add.)

16.6 Preparation for shipment

16.6.1 Suitable bracing and supports shall be provided to prevent damage during shipment. Any
damages during shipment that occurs because of insufficient or loose bracing shall be the
responsibility of the Vendor. This bracing and support shall be painted yellow to denote required
removal before operation. (Mod.)
16.6.2 The Vendor shall be solely responsible for providing adequate preparation and protection of
refractory for shipment. Preparation for shipment will be subject to inspection and rejection by the
purchaser's inspectors. (Mod.)

16.6.2 d) Adequate protection shall be provided against mechanical damage and degradation due
to adverse weather conditions. (Add.)

16.6.2 e) For shop installed refractory, the lining shall be prepared for shipment using the following
guidelines as a minimum. (Add.)

[) Castable shall be protected from rainfall and freezing.
II) Ceramic fiber shall be protected from moisture and wind.

16.6.2 f) Refractory which is shipped loose for field installation shall be prepared for shipment in the
following manner. (Add.)

I) Castable shall be palletized shrunk wrapped in plastic and incased in waterproofed
cardboard.

I1) Brick and block shall be palletized.

I1I) Ceramic fiber shall be palletized and shrunk wrapped in plastic.
16.6.3 All loose bolts and nuts shall be coated with a metallic base waterproof lubricant or shipped
in watertight barrels. All threads of bolts of prefabricated items (i.e., bolts and flange covers) shall
be coated with a metallic base waterproof lubricant and covered with metallic protectors. (Mod.)
16.6.17 Coils shall not be stored outdoors in direct contact with the soil. (Add.)
16.6.18 Extended surfaces on all coils with carbon steel fines shall be completely coated with

suitable preservatives as recommended by the manufacturer. Extended surfaces shall be cleaned
with solvent prior to Appling the preservative. (Add.)
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16.6.19 Austenitic stainless steel coils (ferrous alloy coils containing more than 16 percent
chromium and more than 6 percent nickel that have an austenitic structure) shall not be exposed to
wetting by seawater or seawater spray, and shall be protected from rain or dew when subjected to
industrial atmosphere. (Add.)

17. INSPECTION, EXAMINATION, AND TESTING

17.2 Weld Examination

17.2.6 Weld repair (Add.)
17.2.6.1 Unacceptable discontinuities shall be completely removed by chipping, gouging, grinding
or other methods (for the type of material being repaired) to clean, sound metal, and the excavated
area shall be examined by magnetic particle or liquid penetrant methods to assure complete

removal of defects. (Add.)

17.2.6.2 Repairs to correct weld defects shall be made using the same procedure used for the
original weld, or other previously authorized welding procedure. (Add.)

17.2.6.3 The repaired areas shall be re-examined using the same inspection procedures by which

the defect was originally detected. (Add.)
17.2.6.4 Two repair attempts will be allowed on any one defective area. No further attempts to
repair shall be carried out without the authorization of the company. (Add.)
17.5 Testing

17.5.1 Pressure testing

17.5.1.5 Pneumatic strength tests may be applied to heater coil assemblies under certain
circumstances, upon approval of the company. The medium for such tests shall be air or inert gas.
Pneumatic tests shall be at 1.1 times the design pressure. Test pressure shall be maintained for at
least one hour. (Add.)

17.5.1.6 The pressure test shall be successfully repeated after any repairs for leaks. (Add.)
17.5.2 Refractory testing

17.5.2.1 One test sample shall be made at the beginning of each work shift and one test sample
made at the end of each work shift. If two or more different materials or methods of application
occur during a work shift, then test samples are required at the beginning and end of applying each
material and/or method of application. (Add.)

17.5.2.2 These test samples shall be made in a carbon steel box 300 mm x 300 mm x 100 mm for
castable insulation and 300 mm x 300 mm x 38 mm for medium weight (one shot) or dense
castable refractories. (Add.)

17.5.2.3 Each sample shall be marked to indicate the material used, how applied (cast or gunned),
and location being applied. These samples shall be weighed immediately to determine the
acceptability of water to mixture ratio. Each sample shall be air dried for 12 hours and sample
broken for inspection as to soundness. (Add.)

17.5.2.4 Pre-Application tests
a) Sample mixtures shall be made of the refractory to be tested in strict accordance with the

applicable refractory specification before proceeding to mix and apply for field installation.
Three samples shall be prepared. (Add.)
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b) The sample mix shall be water cured or membrane cured with applicable specification for

114 mm x 114 mm x 65 mm sample. (Add.)
¢) Mixing and application for field installation shall not proceed until samples are
satisfactory. (Add.)
d) Any change in materials or materials supplied from different manufacturer and change in
water source shall require new sample mixture testing. (Add.)

18. GUARANTEES (Add.)

Heater manufacturer shall guarantee the following:

18.1 Heaters will process the quantities and types of material specified on the design data sheets
from the inlet temperatures to the outlet temperatures specified under the pressure conditions and
to be in accordance with all requirements as set forth in this specification and individual heater
specification sheet. (Add.)

18.2 Heaters will provide the specified performance without exceeding suppliers specified maximum
tube wall or refractory temperatures when temperature is measured with tube skin thermocouples.

Location of peepholes to be used for guarantee test shall be marked on vendors drawing. The use
of pyrometers or thermocouples for this check shall be at the option of the Company. (Add.)

18.3 Heater tubes will be completely free of all flame impingement. (Add.)
18.4 All parts which prove defective under operating use within one year from start of operation

because of design, workmanship or materials used will be repaired or replaced with all charges of
Freight, Site Labor, and supervision to be paid for by supplier. (Add.)
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ANNEXES
ANNEX B
PURCHASER'S CHECKLIST (Mod.)

This checklist shows the standard requirements of IPS as purchaser, which items are indicated by
bullet(0) in ANSI/API Std. 560 Fourth Edition, August 2007.

Purchaser’s Checklist

Subclause Iltem Requirement
4.1 Pressure design code API 560 and
IPS

4.2 Applicable local rules and regulations Yes
5.1.4 Number of copies of referenced drawings and data required to be specify
5.2)) List of sub-suppliers required? Yes
5.3.3¢) Tube-support calculations required? Yes
5.3.3 h) Decoking procedures required? Yes
5.2 ¢€) Noise data sheets required?
5.3.3Kk) Yes
5.4 1)
5.4 a) As-built data sheets and drawings required? Yes
6.3.2 Space required for future sootblowers, water washing, etc.? Yes
6.3.3 Sootblowers to be provided? to be specify
7.21 Acceptable extended surface type:

Studs

solid fins

segmented fins

9.1.4 Inspection openings required?

If yes, are terminal flanges acceptable?
9.1.6 Low-point drains required?

High-point vents required?
10.3.2 Tube-support corrosion protection:

50Cr-50Ni material
refractory coating

11.3.7 Anchor-fixing method

11.4.1 Ceramic fibre acceptable?

11.5.6 Block insulation as backup material?

11.4.17 Protective coating of casing, ceramic-fibre construction
11.5.7 Protective coating of casing, back-up insulation

20



IS

March 2003 IPS-G-ME-200(1)
Subclause Iltem Requirement
12.1.1 Structural design code
12.2.5 Locations for future platforms, ladders and stairways
12.2.7 Fireproofing required?
12.3.1.2 Header box closures:
hinged doors
bolted panels
12.3.1.4 Horizontal partitions required in convection-section header boxes?
12.4.4 Platform decking requirements:
checkered plate
open grating
12.5.1 Acceptable low-temperature materials
13.1.2 Codes for stacks, ducts and breeching
or
Methods in Annex H to be used?
13.2.2 Bolting permitted for stack assembly?
13.5.3 ¢c) Acceptable aerodynamic devices:
helical strakes
vertical strakes
staggered vertical plates
14.1.8 Single burner with multiple guns acceptable?
14.1.10 d) Minimum main fuel rate during cold-burner light-off
14.1.17 Required heater capacity during forced-draught outage and continued
operation on natural draught
14.1.22 On-stream removal of complete burner parts or assembly is required?
14.2.1 Acceptable sootblower type:
retractable
automatic
sequential
14.4.5 Location of control dampers
Position on failure
15.1.35 Additional flue-gas sampling connections
15.2.1 Crossover thermowell connections required?
15.2.2 Outlet thermowell connections required?
15.3.2.2 Water washing required?
radiant section
convection section
154.1 Tube-skin themocouples required?
16.1.1 Site receiving and handling limitations
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Subclause Iltem Requirement
16.2.1 f) Charpy impact test requirements
16.4.3 Galvanizing of handrails, etc.?
Bolt protection:
galvanizing
zinc-coating
16.6.15 Export crating
16.6.16 Long-term storage requirements
17.1.3 Pre-inspection meetings required prior to the start of fabrication?
17.3.1 Positive materials identification (PMI) required?
17.3.2 ¢) Radiography of critical sections required?
17.3.4 c) Sampling quantities and degree of coverage for radiography of cast
return bends and pressure fittings
17.5.1.2 Is pneumatic pressure-testing acceptable instead of hydrostatic?
17.5.4.2 PMI requirements
E.2.1.4 Electrical-area classification for fired-heater equipment/system
E.2.1.7 Weather and environmental requirements for outdoor installation
E.2.2.1 Corrosion allowance required for fan scroll and housing?
E.2.5.2 Blade design
E.2.5.8 Corrosion-resistant shaft sleeves required for ID fans?
E.2.7.4 Rotor response analysis required?
To be confirmed by test-stand data?
E.2.8.3 Mechanical run test required?
E.2.11.1.2 Corrosive agents in the flue gas or environment affecting fan
materials selection
E.2.11.3 Alternative notch-toughness requirements for fans
E.3.1 Accessories to be supplied by fan vendor
E.3.2.1 Fan driver type
E.3.2.2 Process variations for fan-driver sizing
E.3.4.1.2 Fan vendor required to review overall control system for compatibility?
E.3.4.2.1 Type and source of control signal, its sensitivity and range and the
equipment scope to be furnished by the vendor
E.3.4.3.1 Damper blades:
Parallel
opposed
E.3.4.3.2 Fan vendor to state maximum expected leakage through closed dampers
and vanes?
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Subclause Item Requirement
E.3.5.2.4 Corrosion allowance
E.3.6.2.2 Type of insulation and jacketing
E.4.1.1 Non-destructive examination
E.4.1.6 a) Shop fit-up and assembly of fan, drivers and other auxiliaries required
prior to shipment?
E.4.1.6 c) Hardness testing required?
E.4.2.1 Fan testing requirements
E.4.2.3 Rotor response analysis?
E.4.3.1 Equipment to be specially prepared for six months of outdoor storage?
E.4.3.2 Shipping preparation requirements
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ANNEX E

CENTRIFUGAL FANS FOR FIRED HEATER SYSTEMS
E.2.1 General

E.2.1.16 Induced and forced-draught fans and their drivers shall be freely accessible for
maintenance, and mounted on foundation blocks separate from the heater at or near ground level.
(Add.)

E.2.1.17 Where forced-draught is to be used, and unless otherwise the company approved by, each
heater shall be provided with one forced-draught fan with a shut-off damper downstream of the fan.
The fan shall be capable of supplying 120% of the air requirements when firing at 110% of the
heater design duty with design excess air at the burners. (Add.)

E.2.1.18 On forced-draught fans driven by fixed speed drivers, control of the total air flow shall be
provided by adjustable vanes in the air inlet to the fan. They shall fail open. (Add.)

E.2.1.19 Induced-draught fans shall meet the following requirements:

a) The fan sizing shall be based on 125% of the flue gas quantities produced when the
heater is firing at 110% of the design duty with design excess air.

The flue gas temperature in the fans shall be assumed to be at least 15°C above the
calculated temperature with the furnace on design load.

b) A flue-gas bypass around the induced-draught fans shall be provided so that it is
possible to operate the heater at, at least, 70% of heater duty with the induced-draught fan
inoperative. The bypass shall be equipped with a quick-acting damper, the operation of
which shall be initiated by fan failure. (Add.)

E.2.1.20 All fans shall be provided with a control room panel alarm, sensed on the shaft on the fan
side of the driver coupling to indicate operational failure. In the case of forced-draught fans, this
alarm signal shall initiate the "Heat-Off" action and, for induced- draught fans, the opening of the fan
bypass. These arrangements shall be independent of any fan low-flow alarms provided. (Add.)

E.2.1.21 The casing shall be of such a design to facilitate removal of the rotor without dismounting
the connecting ducting. The casing shall be center-line supported and guided to allow for thermal
expansion without affecting the alignment of the equipment. (Add.)

E.2.1.22 The fan shall be statically and dynamically balanced without the coupling half. The
coupling (and spacer) shall be separately balanced. (Add.)

E.2.1.23 The supplier shall guarantee that the installation is free of torsional critical frequencies
during steady running, transient operation, during start-up, unloading or when tripped out. (Add.)

E.2.1.24 The direction of the fan shall be clearly and permanently marked. (Add.)

E.2.1.25 The base plate for the fan shall be rigid, welded construction provided with machined and
protected reference pads and shall be integral with the driver base plate. (Add.)
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