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• The following referenced documents are indispensable for the application of this 
document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies. 

• ISO 7-1, Pipe threads where pressure-tight joints are made on the threads — Part 1: 
Dimensions, tolerances and designation. 

• ISO 261, ISO general-purpose metric screw threads — General plan 

• ISO 262, ISO general-purpose metric screw threads — Selected sizes for screws, bolts 
and nuts 

• ISO 724, ISO general-purpose metric screw threads — Basic dimensions 

• ISO 965 (all parts), ISO general-purpose metric screw threads -Tolerances 

• ISO 1940-1, Mechanical vibration — Balance quality requirements of rigid rotors — Part 1: 
Determination of permissible residual unbalance 
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• ISO 3744,  Acoustics — Determination of sound power levels of noise sources using 
sound pressure —

• Engineering method in an essentially free field over a reflecting plane 

• ISO 7005-1, Metallic flanges — Part 1: Steel flanges 

• ISO 7005-2, Metallic flanges — Part 2: Cast iron flanges 

• ISO 8068, Petroleum products and lubricants — Petroleum lubricating oils for 
turbines (categories ISO-L-TSA and ISO-L-TGA) — Specifications 

• ISO 8501-1,  Preparation of steel substrates before application of paints and related 
products — Visual assessment of surface cleanliness — Part 1: Rust grades and 
preparation grades of uncoated steel substrates and of steel substrates after overall 
removal of previous coatings 

• ISO 8821, Mechanical vibration — Balancing — Shaft and fitment key convention 
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• ISO 10438 (all parts)  ,  Petroleum and natural gas industries — Lubrication, shaft sealing and control oil systems for 

special-purpose applications. 

• ISO 10441, Petroleum and natural gas industries — Flexible couplings for mechanical power transmission — Special 
purpose applications 

• ISO 13691, Petroleum and natural gas industries — High-speed special-purpose gear units 

• ISO 15649, Petroleum and natural gas industries — Piping 

• IEC 60045-1, Steam turbines — Part 1: Specifications 

• IEC 60072, Dimensions and output series for rotating electrical machines 

• IEC 60079, Electrical apparatus for explosive atmospheres 

• IEC 60953, Rules for steam turbine thermal acceptance tests 

• EN 287, Approval testing of welders — Fusion welding2) 

• EN 288, Specification and approval of welding procedures for metallic materials 

• API RP 520 PT I, Sizing, selection, and installation of pressure-relieving systems in refineries, Part I — Sizing and 
selection.

• API RP 520 PT II,  Sizing, selection, and installation of pressure-relieving systems in refineries, Part II —
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• API Std 526, Flanged steel pressure relief valves 
• API Std 613, Special-purpose gear units for petroleum, chemical and gas industry services 
• API Std 670, Machine protection systems 
• API Std 671, Special-purpose couplings for petroleum, chemical and gas industry services 
• API RP 686 (First edition, April 1996),  Recommended Practices for machinery installation 

and installation design 
• ASME, Boiler and pressure vessel code, Section V — Nondestructive examination.
• ASME, Boiler and pressure vessel code, Section VIII — Pressure vessels 
• ASME,  Boiler and pressure vessel code, Section IX — Qualification standard for welding 

and brazing 
• procedures, welders, brazers, and welding and brazing operators 
• ASME B1.1, Unified screw threads (UN and UNR Thread Form) 
• ASME B16.1, Cast iron pipe flanges and flanged fittings, Class 25, 125 and 250 
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• ASME B16.5, Pipe flanges and flanged fittings, 
NPS 1/2 through NPS 24 

• ASME B16.11, Forged fittings, socket-welding 
and threaded 

• ASME B16.42, Ductile iron pipe flanges and 
flanged fittings, classes 150 and 300 

• ASME B16.47, Large diameter steel flanges NPS 
26 through NPS 60 

• ASME B17.1, Keys and keyseats
• ASME PTC 6, Performance test code 6 on steam 

turbines 
• ASME PTC 20.2, Overspeed trip systems for 

steam turbine-generator units 
• ASTM A 194,  Standard specification for carbon 

and alloy steel nuts for bolts for high-pressure 
or high- temperature service, or both5)
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• ASTM A 247, Standard test method for 
evaluating the microstructure of graphite in iron 
castings 

• ASTM A 278, Standard specification for gray 
iron castings for pressure-containing parts for 
temperatures up to 650 °F (350 °C) 

• ASTM A 307, Standard specification for carbon 
steel bolts and studs, 60 000 psi tensile 
strength 

• ASTM A 395,  Standard  specification for ferritic
ductile iron pressure-retaining castings for use 
at elevated temperatures 

• ASTM A 418, Standard test method for 
ultrasonic examination of turbine and generator 
steel rotor forgings 
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• ASTM A 472, Standard test method for heat stability of steam 

turbine shafts and rotor forgings 
• ASTM A 536, Standard specification for ductile iron castings 
• AWS D1.1, Structural welding code — Steel
• NEMA SM 23, Steam turbines for mechanical drive service.
• NFPA 70, National electrical code.
• NACE MR0175, Sulfide stress cracking resistant metallic 

materials for oilfield equipment.
• SSPC-SP6/NACE No. 3, Commercial blast cleaning.
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API 510: Pressure Vessel Inspection Code

• 30 CFR 250.803(b)(Pressure Vessel  Inspection Code: 
In-Service Inspection, Rating, Repair, and Alteration1)
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ISO STANDARDS ISO TC 43/SC MEASURE
METHODS FOR NOISE



ISO 7919-2 MECHANICAL VIBRATION –EVALUATION OF MACHINE 
VIBRATION BY MEASUREMENT ON ROTATING SHAFTS Part 2: LAND 
BASED STEAM TURBINES AND GENERATORS IN ESCESS OF 50 MW 
WITH NORMAL OPERATING SPEEDS OF 1500 rpm-3600 rpm
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ISO 7919-2 MECHANICAL VIBRATION –EVALUATION OF MACHINE 
VIBRATION BY MEASUREMENT ON ROTATING SHAFTS Part 2: LAND 
BASED STEAM TURBINES AND GENERATORS IN ESCESS OF 50 MW WITH 
NORMAL OPERATING SPEEDS OF 1500 rpm-3600 rpm



ANSI/AHRI Standard 400-2001 Performance 
Rating of Liquid to Liquid Heat Exchangers







ASTM D 859 – 00: Standard Test Method for
Silica in Water

• This test method covers the determination of silica in
water and waste water colorimetric method that
determines molybdate-reactive silica. It is applicable to
most waters,but some waters may require filtration and
dilution to remove interferences from color and turbidity.
This test method is useful for concentrations as low as 20
µg/L from 20 to 1000 µg/L at the higher wavelength (815
nm) and 0.1 to 5 mg/L at the lower wavelength (640 nm).



Re
fe

re
nc

e 
D

oc
um

en
ts

2.1 ASTM Standards:
• D 1066 Practice for Sampling Steam
• D 1129 Terminology Relating to Water
• D 1193 Specification for Reagent Water
• D 2777 Practice for Determination of Precision and Bias of Applicable 

Methods of Committee D-19 on Water
• D 3370 Practices for Sampling Water from Closed Conduits
• D 4841 Practice for Estimation of Holding Time for Water Samples 

Containing Organic and Inorganic Constituents
• D 5810 Standard Guide for Spiking into Aqueous Samples
• D 5847 Standard Practice for the Writing Quality Control Specifications 

for Standard Test Methods for Water Analysis
• E 60 Practice for Photometric and Spectrophotometric Methods for 

Chemical Analysis of Metals
• E 275 Practice for Describing and Measuring Performance of Ultraviolet, 

Visible, and Near Infrared Spectrophotometers



PROCESS DESIGN OF COOLING TOWERS 
(PROJECT STANDARDS AND SPECIFICATIONS)

1. BSI (British Standards Institution)
BS 4485 "British Standard Specification for Water Cooling Towers"
- Part 1: 1969, "Glossary of Terms"
- Part 2: 1988, "Methods for Performance Testing"
- Part 3: 1988, "Thermal Design Principles"
- Part 4: 1975, "Structural Design of Cooling Towers“

2. CTI (Cooling Tower Institute, USA)
CTI Bulletin "Nomenclature for Industrial Water Cooling Tower“ NCL-109
- "Acceptance Test Code“

3. ASME (American Society of Mechanical Engineers)
- "ASME Test Code Section VIII
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ANSI Z89.2-1971 SAFETY REQUIREMENTS FOR 
INDUSTRIAL PROTECTIVE HELMETS FOR 
ELECTRICAL WORKERS, CLASS B



ANSI Z35.1-1968: SPECIFICATIOS FOR 
ACCIDENT PREVENTION SIGNS
CFR SECTION: 29 CFR 1926.200
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API STANDARD 598 EIGHTH EDITION, MAY 2004: 
Valve Inspection and Testing

The following tests and examinations are specified in this 
standard:

a. Shell test.
b. Backseat test.
c. Low-pressure closure test.
d. High-pressure closure test.
e. Visual examination of castings.
f. High-pressure pneumatic shell test
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Reference Standards for Vibration 
Monitoring and Analysis 
The stated scope of TC108 is “Standardization in the field of mechanical 
vibration and shock and condition monitoring and diagnostics of machines, 
including:

• terminology; 
• excitation by sources, such as machines and vibration and shock testing 

devices; 
• elimination, reduction and control of vibration and shock, especially by 

balancing, 
• isolation and damping; 

• measurement and evaluation of human exposure to vibration and shock; 
• methods and means of measurement and calibration; 
• methods of testing; 
• methods of measurement, handling and processing of the data required to 

perform condition monitoring and diagnostics of machines
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Reference Standards for Vibration 
Monitoring and Analysis 

•  measurement methods and parameters 
•  transducer selection, location, and attachment 
•  data collection 
•  machine operating conditions 
•  vibration monitoring systems 
•  signal conditioning systems 
•  interfaces with data processing systems 
•  continuous and periodic monitoring



ISO Standards For Training and 
Certification
August, 2003, ISO 18436-2:2003 Condition monitoring 
and diagnostics of machines — Requirements for training 
and certification of personnel — Part 2: Vibration 
condition monitoring and diagnostics



ISO Standards For Training and 
Certification
1. Part 1:  Requirements for certifying bodies and the 

certification process 
2. Part 3:  Requirements for training bodies 
3. Part 4:  Lubrication management and analysis 
4. Part 5:  Thermography 
5. Part 6:  Diagnostics and prognostics 
6. Part 7:  Condition monitoring specialists 
7.  Part 8:  Balancing



OTHER STANDARDS FOR VIBRATION 
MONITORING AND ANALYSIS

• API Standards 

• 2 applicable, but often ignored reference standards, are the NBC
and Steel Design Code. Each of these important standards
make specific reference to the problem of structural resonance,
and state that a dynamic analysis may be required (National
Building Code (1995) and Steel Design Code CAN/CSA-S16.1)



OTHER STANDARDS FOR VIBRATION 
MONITORING AND ANALYSIS
National Building Code (1995) and Steel Design Code 
CAN/CSA-S16.1 



PROCESS REQUIREMENTS OF HEAT EXCHANGING 
EQUIPMENT (PROJECT STANDARDS AND 
SPECIFICATIONS)
TEMA (The Tubular Exchanger Manufacturers Association)
"Standards of the Tubular Exchanger Manufacturers
Association (TEMA)" 9th Ed.2007

2. API (American Petroleum Institute)
API Std. 660, "Shell & Tube Heat Exchangers for General Refinery
Services" for General Refinery Services" 7th. Ed., April 2003, Reaffirmed Dec. 1987

API Std. 662 "Plate Heat Exchanger for General Refinery Services"
Part I- Plate-and Frame Heat Exchangers 1st.Ed.Feb.2006

API Std. 662 "Plate Heat Exchanger for General Refinery Services”
Part II- Brazed Aluminum Plate –Fin Heat Exchangers
1st.Ed.Feb.2006



PROCESS REQUIREMENTS OF HEAT EXCHANGING 
EQUIPMENT (PROJECT STANDARDS AND 
SPECIFICATIONS)

Chiller - The chiller is a typical kettle type exchanger, and the bundles
has tubes to a height of about 60 per cent of the diameter.
The vapor space above is for disengagement of the vapor
from the liquid. Chillers are used in refrigeration processes of
the vapor-compression type. A chiller cools a fluid with a
refrigerant to a temperature below that obtainable using air
or cooling water as the heat sink. Common refrigerants are
propane, ethylene and propylene; chilled water or brines are
less frequently used.



PROCESS REQUIREMENTS OF HEAT 
EXCHANGING EQUIPMENT (PROJECT 
STANDARDS AND SPECIFICATIONS)

Condenser - A condenser is a unit in which a process vapor is totally or partially
converted to liquid. The heat sink is ordinarily a utility, such as
cooling water. The term "surface condenser" refers specifically to
shell and tube units, used to condense the steam from a preceding
ejector stage, thus reducing the inlet quantity of vapor mixture to
the following stage. This is a means of increasing steam economy.
They do not affect ejector performance, but they do avoid the
nuisance of exhausting steam to the atmosphere, thus, they allow
steam to be recovered. A "direct contact condenser" refers to a
unit in which the vapor is condensed by direct contact heat
exchange with droplets of water.



PROCESS REQUIREMENTS OF HEAT 
EXCHANGING EQUIPMENT (PROJECT 
STANDARDS AND SPECIFICATIONS)
The selection of TEMA "Class R" or TEMA "Class C" exchangers 
shall be governed by the following:

a) TEMA "R" is required when:
• Tube side or shell side fouling factor is greater than 0.00035 m².K/W;

or
• Shell side corrosion allowance is greater than 3.175 mm (1/8 inch);
• Shell side corrosion rate is greater than 0.254 mm/y (10 mils per year).

b) TEMA "C" may be used when exchanger is designed for 
chemical cleaning maintenance and fouling factor do not 
exceed 0.00035 m².K/W on both tube side and shell side.



PROCESS REQUIREMENTS OF HEAT EXCHANGING 
EQUIPMENT (PROJECT STANDARDS AND 
SPECIFICATIONS)
• Heat exchangers should be of the horizontal type, however,

for process requirements and where cleaning and other
maintenance will be infrequent and space requirements make
it more attractive, the vertical arrangement may be
considered and this should be discussed with the Company.

• Centerline elevation of the top bundle of stacked exchangers
shall be limited to 3.5 m except for large exchangers which
shall be limited to two stacked shells.

• When horizontal arrangements are preferred, the stacking of
exchangers should be considered to conserve space in the
structure
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11.1.6 The purchaser shall specify any corrosive agents exceeding IEC 
60045-1 or NEMA SM 23 steam quality requirements present in the 
steam and in the environment, including constituents that may cause 
stress corrosion cracking. The vendor should recognize that some 
steam systems include contaminants such as sodium hydroxide, 
chlorides, sulfates, phosphates, copper and lead, and should consider 
these when selecting materials. 
11.1.7  If austenitic stainless steel parts exposed to conditions that 
may promote intergranular corrosion are to be fabricated, hard faced, 
overlaid or repaired by welding, they shall be made of low-carbon or 
stabilized grades. 
NOTE Overlays or hard surfaces that contain more than 0,10 % 
carbon can sensitize both low-carbon and stabilized grades of 
austenitic stainless steel unless a buffer layer that is not sensitive to 
intergranular corrosion is applied. 
11.1.8  Where mating parts such as studs and nuts of austenitic 
stainless steel or materials with similar galling tendencies are used, 
they shall be lubricated with an anti-seizure compound of the 
appropriate temperature specification and compatible with steam.
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11.1.9 If the purchaser has specified the presence of hydrogen 
sulfide in any fluid, materials exposed to that fluid shall be 
selected in accordance with the requirements of NACE MR0175. 
Ferrous materials not covered by NACE MR0175 shall not have a 
yield strength exceeding 620 N/mm2 (90 000 psi) or a hardness 
exceeding Rockwell C 22. Components that are fabricated by 
welding shall be postweld heat treated, if required, so that both 
the welds and the heat-affected zones meet the yield strength 
and hardness requirements. 
In many applications, small amounts of wet H2S are sufficient to 
require materials resistant to sulfide stress corrosion cracking. 
When there are trace quantities of wet H2S known to be present 
or if there is any uncertainty about the amount of wet H2S that 
may be present, the purchaser should automatically note on the 
data sheets that materials resistant to sulfide stress corrosion 
cracking are required.
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11.1.10  Unless otherwise specified, the vendor shall list in the proposal 
all steam path components (valves, seats, blades, shrouds, closing 
pieces, pins, damping wires, wheels, bolting, and so forth) with a 
hardness of more than Rockwell C 22. The vendor shall also indicate the 
hardness range of each component. 
11.1.11 Pressure-containing parts subject to steam conditions exceeding 
gauge pressures of 520 kPa (5,2 bar) (75 psi) or temperatures of 230 °C 
(450 °F) shall be steel. In the case of the exhaust casing of non-
condensing turbines, this shall be based on the maximum specified 
exhaust pressure and the maximum no-load exhaust temperature. Alloy 
steels shall be used for maximum steam temperatures exceeding 410 °C 
(775 °F). 
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11.1.12 The material limits for pressure bolting based upon the actual bolting 
temperature shall be as specified in ISO 15649. Nuts shall conform to ASTM A 
194, Grade 2H (or ASTM A 307, Grade B, case-hardened, where space is 
limited) or better material. 
NOTE For the purpose of this provision, ASME B31.3 is equivalent to ISO 
15649. 11.1.13 Material for turbine wheels and shafts shall be forged steel. 
Unless otherwise approved, 11 % to 13 % chromium steel, titanium, or nickel-
copper alloy (similar to ASTM B 127) shall be used for nozzles, closing pieces, 
rotating and stationary blading, shrouding and steam strainers. 

11.1.14 Bearing surfaces (journals and thrust faces) shall be of a material 
containing less than 2,5 % Cr, to prevent the risk of wire wool type bearing 
failures. 

11.1.15 Low-carbon steels can be notch-sensitive and susceptible to brittle 
fracture at ambient or lower temperatures. Therefore, only fully killed, 
normalized steels made to fine-grain practice shall be used. Steel made to a 
coarse grain size practice (such as ASTM A 515) shall not be used. 
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11.2 Castings 
11.2.1  Castings shall be sound and free from porosity, hot tears, shrink 
holes, blow holes, cracks, scale, blisters and similar injurious defects. 
Surfaces of castings shall be cleaned by sandblasting, shotblasting, 
chemical cleaning or any other standard method. Mold-parting fins and 
remains of gates and risers shall be chipped, filed or ground flush. 
11.2.2  The use of chaplets in pressure castings shall be held to a 
minimum. Where chaplets are necessary, they shall be clean and 
corrosion-free (plating is permitted) and of a composition compatible 
with the casting. 
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11.2.3  If repairs to castings are necessary, pressure-containing ferrous 
castings shall not be repaired except as follows. 
a) Weldable grades of castings shall be repaired by welding, using a qualified 
welding procedure (including pre- or post-weld heat treatment or both, when 
necessary) as specified in Table 3. After major weld repairs, and before 
hydrostatic testing, the complete casting shall be given a postweld heat 
treatment to ensure stress relief and continuity of mechanical properties of 
both weld and parent metal and dimensional stability during subsequent 
machining. 
b) Cast iron may be repaired by plugging within the limits specified in ASTM 
A 278, ASTM A 395 or ASTM A 536. The holes drilled for plugs shall be 
carefully examined, using liquid penetrant, to ensure that all defective 
material has been removed. 
c) All repairs that are not covered by the material specifications shall be 
subject to the purchaser’s approval. All major repairs, as defined by the 
material specifications, shall be recorded (on a drawing, if appropriate) and 
reported [see 16.2.1.1 g)] as part of the vendor’s doc
11.2.4  Fully enclosed cored voids, which become fully enclosed by methods 
such as plugging, welding, or assembly, are prohibited. 
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11.2.5  Nodular iron castings shall be produced in accordance with 
an internationally recognized standard such as ASTM A 395. The 
production of the castings shall also conform to the conditions 
specified in a) to e), as follows. 
a) The keel or Y-block cast at the end of the pour shall be at least 
as thick as the thickest section of the main casting. This test block 
shall be tested for tensile strength and hardness and shall be 
microscopically examined. Classification of graphite nodules under 
microscopic examination shall be in accordance with ASTM A 247. 
b) If critical sections of a casting have different thicknesses, 
average size keel or Y blocks may be selected in accordance with 
ASTM A 395. Minimum quality levels should be agreed upon 
between the purchaser and the vendor. Critical sections are typically 
heavy sections, section changes and high-stress points. Normally, 
bosses and similar sections are not considered critical sections of a 
casting.  
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c) A minimum of one set (three samples) of Charpy V-notch impact 
specimens at one-third the thickness of the test block shall be made 
from the material adjacent to the tensile specimen on each keel or 
Y-block. These specimens shall have a minimum impact value of 12 
J (9 ft-lbf) and the mean of the three specimens shall not be less 
than 14 J (10 ft-lbf) at room temperature. 
d) Integrally cast test bosses, preferably at least 25 mm (1 in) in 
height and diameter, shall be provided at critical areas of the 
casting for subsequent removal for the purposes of hardness testing 
and microscopic examination. Critical areas are typically heavy 
sections, section changes, flanges and other high-stress points as 
agreed upon by the purchaser and the vendor. Classification of 
graphite nodules shall be in accordance with ASTM A 247. 



MATERIAL AND EQUIPMENT STANDARD 
FOR STEAM JET EJECTORS

• HEI  (HEAT EXCHANGE INSTITUTE) 
"Standards for Steam Jet Ejectors" 
"Standards for Steam Surface Condensers" 
"Standards for Direct Contact Barometric Low Level Condensers" 
"Construction Standards for Surface Condensers" 

• ASTM  (AMERICAN SOCIETY FOR TESTING AND MATERIALS) 
• ASME  (AMERICAN SOCIETY OF MECHANICAL ENGINEERS) 

B16.5      "Pipe Flanges & Flanged Fitting" 
B31.1      "Power Piping" 
B31.3      "Process Piping" 
B1.20.1   "Pipe Threads General Purpose (INCH)" 
PTC 24    "Performance Test Code for   Ejectors". 
Section VIII div. 1  "Rules for Construction of Pressure Vessels" 
Section IX    "Welding and Brazing Qualifications" 



MATERIAL AND EQUIPMENT STANDARD 
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