ISLAMIC REPUBLIC OF IRAN Ol nl oMl (5540
MINISTRY OF PETROLEUM e (5

IRANIAN PETROLEUM STANDARDS
Ol i gl jluibiul

I2S

IPS-C-PM-216 (2)

CONSTRUCTION STANDARD
FOR
MACHINERY INSTALLATION
AND
INSTALLATION DESIGN

SECOND REVISION
JULY 2009

el Sldas S sl
sy
T esislo o2 lsb 9 o

£9S lyg
YWAA s

DEPUTY MINISTER J2S by g owdiin Shgleo

0)2

ENGINEERING & LOCAL MANUFACTURING
RESEARCH & STANDARDS Ly lustin] § & lisxs



















IS

Jul. 2009/ \YAA 5

CONTENTS:
CHAPTER 1- GENERAL
1.1 SCOPE ..... 4
1.3 CONFLICTING REQUIREMENTS......... 4
1.4 DEFINITION 4
2. REFERENCES 6
3. UNITS............ 6
4. GENERAL REQUIREMENTS. ......ccccoeeuruerueuees 8
4.1 QUALITY PLAN.......... 8
4.2 CONSTRUCTION TOOLS /
SPECIAL TOOLS 8
4.3 INSTALLATION and Operating
MANUALS 9
4.4 SPARE PARTS...... 9
4.5 COMMUNICATION 10

Page

IPS-C-PM-216 (2)

il Cow b

o9 ) Juad
f.. ceenrnenennsd p 5 dolo V)
f.. cerrrnennnns o Olol I Y-
F eeteteteetneneteeeteteneneeenenesennnes sasnennans Gyl F-)
# el =Y
A... ooty -V
A cevnecseossonssseessonssseassrnsesense seaasses oo bl I -F
A B PP FLIF Y I
A cecieccsassnsssessssvacnssees og,ylpl colw ylnl Y-F
A cervecesssesensssesss G610 0 st 9 i galocal, Y-F
) J R PP S0 Olakas F-¥
V4 cessececnsescsassnscssasssnsessssscnsssesssonseses wbli,l o-f



IE Jul. 2009/ \YAA 5

IPS-C-PM-216 (2)

CHAPTER 1: GENERAL (SUB)
1.1 SCOPE
1.1.1 Purpose

This Standard contains the minimum requirements
for the mechanical installation of process
machineries.

It is intended to be used in oil refineries, chemical
plants, gas plants, and where applicable, in
exploration and production and new ventures.

The contractor shall inform the Company on any
deviations from the requirements of this Standard
necessary to comply with the above. MOD

Note 1:

This bilingual standard IPS-C-PM-216(1) is a new
edition of the construction standard for machinery
instillation and installation design, supersedes

IPS-C-PM-215(1) march 2005. ADD

Note 2:

In case of conflict between Farsi and English
languages, English languages shall govern. ADD
1.3 CONFLICTING REQUIREMENTS

In case of conflict between documents relating to
the inquiry or order, the following priority of
document shall apply.

- First priority : Purchase order and variations
thereto

- Second priority: Data sheets and drawings

-Third priority: This Standard MOD
1.4 DEFINITION

1.4.14 Engineering Designer

The engineering designer carries the responsibility
to obtain the required data, and to apply the data
and information effectively so the installation
meets its requirements. MOD

1.4.16 Equipment User
Equipment user shall mean ‘Company’. MOD
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1.4.17 Equipment Installer

The equipment installer must carry out the intent
of the design and apply experience to achieve in
the installation process the integrity inherent in the
design. The equipment installer should understand
the intent and significance of all design features
and specifications. The installer must manage
details such as the aggregate used in the concrete,
control of the mix from batch plant to pour, any
special requirements of high and early strength
concrete, the curing process of concrete and
grouts, surface coatings, expansion joints,
templates for bolt positioning, leveling of the
soleplates, alignment of the equipment,
appropriate tightening and loosening sequences
for frame tie-bolts, and for anchor bolts.

MOD

1.4.24 Grout*

*Note: The subject of grouts have received
detailed attention by the ACI in their Report ACI
351.1R-93 entitled “Grouting for Support of
Equipment and Machines,” and the reader should
take advantage of this and other relevant
references. MOD

1.4.44 Pulsation Analysis:

Requirements of API standard 618 shall be used
for pulsation analysis. MOD
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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. ADD

API (AMERICAN PETROLEUM INSTITUTE)

RP 686 1996 "Recommended Practice for
Machinery Installation and
Installation Design"

ASTM  (AMERICAN SOCIETY FOR
TESTING AND MATERIALS)

A-193 "Standard Specification for Alloy-
Steel and Stainless Steel Bolting
Materials for High Temperature or
High Pressure Service and Other
Special Purpose Applications"

A-194 "Standard Specification for Carbon
and Alloy Steel Nuts for Bolts for
High Pressure or High Temperature
Service, or Both"

BSI (BRITISH STANDARDS INSTITUTION)
BS 812 “Testing aggregates"

BS 4408  "Recommendation for Non
Distractive Method of Test for
Concrete Electromagnetic Cover
Majoring Devices"

BS 4082  "External Dimension for Vertical
IN-Line Centrifugal Pump Part2: U
Type Part 1:1 TYPE"

BS 8110-1 "Structural Use of Concreted Part 1:
Code of Practice for Design and
Construction"

CEB-FIB Model Code 1990
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IPS-E-GN-100 (0) "Engineering Standard for $lp e olutl” IPS-E-GN-100(0
Units" "ol

IPS-G-GN-210 (0) "General ~ Standard  for Gy $ln soges oyt IPS-G-GN-210(0)
Packing and Packages" "o s g o

IPS-M-GN-140 (1)

IPS-M-GN-340 (0)

IPS-M-GN-350 (1)

IPS-C-PI-410 (0)

IPS-G-PI1-230 (0)

IPS-G-P1-280 (1)

IPS-E-PM-385 (1)

IPS-M-PM-105 (1)

IPS-M-PM-115 (0)

IPS-M-PM-125 (0)

IPS-M-PM-130 (1)

IPS-M-PM-140 (1)

"Material and Equipment
Standard for Bearings"

"Material and Equipment
Standard for Mobile
Cranes- Power Driven"

"Material and Equipment
Standard for Overhead and
Patrol  Bridge (Gantry)
Cranes"

"Construction Standard for

Inside  Pipe  Chemical
Cleaning"
"Material ~ Standard  for

Strainers & Filters"

"General Standard for Pipe
Support"

"Engineering Standard for
Machinery Piping"

"Material and Equipment
Standard for Centrifugal
Pumps  for  Petroleum,
Petrochemical and Natural
Gas Industries"

"Material and Equipment

Standard for Centrifugal
Pumps for General
Services"

"Material and Equipment
Standard for Centrifugal
Fire Water Pumps"

"Material and Equipment

Standard  for  Positive
Displacement Pumps -
Reciprocating"

"Material and Equipment
Standard  for  Positive
Displacement Pumps —
Rotary"
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IPS-M-PM-170 (1) "Material and Equipment
Standard for Axial and
Centrifugal Compressors
and Expander-
Compressors for
Petroleum, Chemical and
Gas Industry Services"

IPS-M-PM-200 (1) "Material and Equipment
Standard for Reciprocating
Compressors For Process
Services"

IPS-M-PM-220 (1) "Material and Equipment
Standard  for  Positive
Displacement Compressors
—Rotary"

IPS-M-PM-240 (1) "Material and Equipment
Standard for General
Purpose Steam Turbines"

IPS-M-PM-260 (1) "Material and Equipment
Standard for Gas Turbines"

IPS-M-PM-320 (1) "Material and Equipment
Standard for Lubrication,
Shaft Sealing and Control
Oil Systems and
Auxiliaries for Process
Services"

3. UNITS

The International System of Units (SI), dimension
and rating in accordance with IPS-E-GN-100 shall
be used, unless otherwise specified. ADD

4. GENERAL REQUIREMENTS

4.1 Quality Plan

For new equipment, at an early stage of the project
the engineering designer shall propose for the
approval of the company a quality plan covering
all aspects of installation, and installation design
of rotating equipment. Each individual item of
equipment shall have its own checklist covering
all aspects of installation. Such a checklist shall
ultimately be signed by the company or its
representative and shall act as a key document in
the hand-over procedure. ADD

4.2 Construction Tools / Special Tools

It is the equipment installer’s responsibility to
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ensure that the correct tools are available and are
used for the proper installation of rotating
equipment (i.e. stainless steel shims, correct-size
spanners and keys, certified slings and chain
hoists, torque wrenches, metric alignment dial
gauges and calibrated engineering spirit levels,
vibration meters, analyzers, etc.). Generally,
adjustable spanners shall not be used on rotating
equipment. ADD

Abnormal wear and tear of parts of equipment
through the use of improper tools during
installation is not acceptable. At hand-over,
equipment shall be in ‘as-new’ condition.

For new equipment installation, at an early stage
during construction a check should be made on the
availability of special tools that shall be supplied
by the vendor.

These special tools shall be wused by the
equipment installer when required, but the
equipment installer remains responsible for the
care of these tools and their hand-over to the
company in an “as-new” condition. ADD

4.3 Installation and Operating Manuals

The vendor’s installation and operating manuals
shall be available at site at least one month prior to
installation of the equipment. The instructions
contained therein shall be followed unless
superseded by more stringent requirements in this
standard.

Shop test and inspection records and records of all
“as built” clearances shall be collected and made
available at site when the installation commences.

The  Contractor  shall  furnish  lubricant
recommendations for all rotating equipment of the
project in the form of a lubrication manual, which
shall contain the required grade and quantity of
lubricant as well as the lubrication intervals for
each individual rotating equipment item. This
information shall be available six months prior to
commissioning. ADD

4.4 Spare Parts

The Contractor shall ensure that commissioning
spare parts are available during the construction
and commissioning period. Operating spare parts
shall be ordered to arrive at site prior to hand-over
of the equipment to the company. All spare rotors
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shall be properly supported, preserved and
supplied with clear instructions for long term

storage. ADD
4.5 Communication
All responsible parties must communicate

effectively; using common terms, with common
meanings, and should share an understanding of
the needed information and how it influences the
process of achieving a sound installation. A
rotating equipment, its mounts, and its foundation
act as a system with physical interfaces. Those
with responsibilities for it have organizational
interfaces.

There exists strong potential for
miscommunication, or for the assumption that
another party carries entirely what may be an
overlapping responsibility. Design features of the
foundation and mount may influence some of the
information expected from the vendor, and design
features of the equipment may limit options open
to the foundation designer. ADD
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CHAPTER 2: RIGGING AND LIFTING

1.1 SCOPE

1.1.1 This chapter provides general guidelines for
rigging and lifting of any rotating equipment, from
shipping trucks, railcars, and so forth, onto the
foundation or platform. Requirements of IPS-M-
GN-340 (0) and IPS-M-GN-350 (1) shall be met
as deemed applicable. MOD

1.2 PREPLANNING THE LIFT

1.2.2 The installer shall prepare a rigging and
lifting plan of action before installation phase of
the project that includes the following: MOD

1.3 LIFTING THE MACHINERY

1.3.6 All special lifting equipment and special
tools required for maintenance during installation
phase shall be listed and provided in a box by the
Vendor. If the equipment downtime is a critical
factor, it may be beneficial to specify that all tools
for maintenance shall be provided in a walk-in
type container. ADD

1.4 Criteria on Hoisting Facilities

1.4.1 The type of hoisting facilities employed (e.g.
mobile or permanent cranes) will influence the
time required and ease to carry out installation
activities.

Using an installed hoisting facility above rotating
equipment or overhead crane for those
machineries installed under roof may be
considered as a convenient solution for lifting. At
the design phase of the project and prior to
finalizing the plot plan, it is decided whether to
provide permanent roofing and accordingly the
type of hoisting facilities.
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CHAPTER 3: JOBSITE RECEIVING AND
PROTECTION

1.1 SCOPE

1.1.1 This recommended practice (RP) defines the
minimum requirements for protecting project
machinery and related components from
deterioration while in field storage, after
installation, and during the period prior to
commissioning and hand over to the user.
Requirements of IPS-G-GN-210 (0) shall be met
as deemed applicable. MOD

1.1.2  Replace  “the  wuser's  designated
representative” by “the Company’s designated
representative” MOD

1.1.3  Replace  “the  user’s  designated
representative” by “the Company’s designated

representative” MOD
1.2 RESPONSIBILITY
Overall responsibility for protecting project

machinery from deterioration in the field, per this
recommended practice, rests with the contractor
until the machinery is turned over to the care,
custody, and control of the user.

It is also the Contractor’s responsibility to ensure
that at all times the Manufacturer’s
recommendations on prolonged storage (indoor
and outdoor) are followed and that damage due to
dust or moisture is prevented. MOD

14 JOBSITE AND

INSPECTION

RECEIVING

p. On receipt the equipment shall be checked
against the shipping manifest and inspected for
any damage. MOD

1.5 GENERAL INSTRUCTIONS—JOBSITE
PROTECTION

1.5.1.1 The Contractor shall take all necessary
actions to restore the preservation. MOD

1.6 LUBRICANTS AND PRESERVATIVES

1.6.7 At an early stage of the project it should be
ensured that there will be adequate quantities of
rust preventatives at site by the time equipment is
received. ADD
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1.8 SPARE PARTS, SPECIAL TOOLS, AND
MISCELLANEOUS LOOSE ITEMS

1.8.5 Spare rotors for major rotating equipment
are usually furnished with watertight metal
transport/storage containers suitable for vertical
storage and able to withstand an internal pressure
of 0.20 barg. These containers shall be checked on
arrival at site for any signs of damage and for
absence of moisture and shall be stored according
to the Manufacturer’s instructions. Vertical storage
is recommended if allowed by the Manufacturer’s
instructions. Special attention is required to ensure
that a proper inert environment is maintained in
this container e.g. by nitrogen under a slight
overpressure. ADD

1.9 AUXILIARY PIPING FOR ROTATING
EQUIPMENT

1.9.1 Pipe components

1.9.1.1 To prevent ingress of dirt and foreign
matter it shall be ensured that all routes and
openings are properly blinded off and sealed and
that temporary suction strainers are correctly
installed. Dust blinds shall remain installed until
final alignment. ADD

1.10 COMPRESSORS— GENERAL

1.10.6 The overall lay-out of a compressor
installation shall allow safe access to all operating
positions and to overhead lifting equipment if
provided. There shall be no unguarded floor
openings around machines. ADD

1.10.7 Sufficient space shall be provided at the
compressor floor level for dismantling the
compressor (for reciprocating compressors
including the removal of piston rods), its driver
and auxiliary equipment. If two or more
compressors are located on the same floor,
provision shall be made for a clear floor area that
is adequate for the simultaneous overhaul of all
compressors, their drivers and associated auxiliary
equipment. The permissible floor loading shall be
able to withstand the maximum cumulative weight
that arises during maintenance. ADD
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1.10.8 The lay-out of auxiliary equipment and the
provision of permanent steps and platforms and
of adequate clear floor space shall permit easy
and safe access to all components for operation
and maintenance. ADD

APPENDIX B

MACHINERY RECEIVING AND
PROTECTION CHECKLIST
1.4.P Equipment checked against the shipping
manifest and inspected for any damage?
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CHAPTER 4: FOUNDATIONS Lgumwlaigh : ¥ Lad
SECTION 1- DEFINITIONS Gyl — ) G
1.3 EQUIPMENT USER Ol5memd )10 2 0500 ¥
The equipment user shall mean ‘Company’. MOD (@al) 20,5 Bl oS0 e ar il Dl )8

SECTION 2 - MACHINERY FOUNDATION T . y . . g
)‘9& oY o.:.wh) o,.:.w‘».bsﬁ e gs"")""i Y Comnd

INSTALLATION DESIGN

2.2 GENERAL REQUIREMENTS ogos bl JI Y=Y
2.2.17 The foundation for a reciprocating Joe Wb (S8 g S e glaig WW-T-Y
compressor installation must position and support e 5b ol Glp b o5 ASS g anl
the compressor. It must keep the compressor a5 ALl 455 o lilan Candy 10 |y 5w eS Wb

aligned and help it support the loads generated by

the compressor and its driver. In supporting time pleal les Ol S g smas 5 U slal

varying loads, the combined stiffness of the Seelas <S> b Geliisd 5 g e dAsgere
compressor’s structure and foundation must limit S dee g9y 0ol Jlasl ()55 Gla)l 5 gm0 maS
d i ti f th d bendi . . I, e
ynamic motion of the compressor and bending oles el g LB s 5 i sl s
loads on the crankshaft to acceptable levels. In ' .
summary, the compressor and its foundation must Dozt il Gl abgie (5eliish g g5 eS L ggeme o
act together as an integrated structure which Osh O8les 4G5k wiled Jes xS il S
assures sound, reliable, robust machine function. (ABLB) 058 (ypondd Cyaiile pglie g ligalsl Ll oyt
ADD
2.2.18 The foundation should meet these Slpodd G G yes b )0 Ggeelisd VA-Y-Y
requirements over the anticipated life of the bl ol L To o L bl ¢ .
compressor installation. It should, therefore, stosl plot s wled o2)slp 1y b DLl g e i
support all loads which it experiences with Iy acgome S LSS Laas> Sz a3V (59,0 ol ey 00)g
sustained strength and integrity. The stresses which R S . .
the loads generate within the block should fall 5> o elgi slaly 5 (S5 a5 eo)ly slets i
below the levels at which cracking may occur for 5 S obul Gl pY e 5l eS Wb wil o Sb

the concrete in question. Concrete strength under
dynamic loads should consider fatigue and the

reduction in _strengtl_l it causes. If cracking occurs, it 3005 5 alsial Cél g (K 4 axgi byl 0,5
should remain localized, with its growth limited. ) o o
PS5l aks ogze (S AT e )0 0eh il S

o B Sl laly o S o Pl il

ADD . ) ]
2.10 ANCHOR BOLTS and SLEEVES LM 5 25 S5 slozy VoY
2.10.5 For all new installations of large low speed SiS s 2, sy eS Wi las yo B-Ye-Y
reciprocating compressors (200-600 rpm), high ez 3l b (Ai3s 40 yea YerFev) oS Copm b S5

strength steel anchor bolts satisfying ASTM i i -
specification A-193, with 105,000 PSI tensile ASTM o il Gllae Yl il L (ol8 4.3

yield shall be used. MOD (ZMol).05 ookl Y+ O+« PSI pudes 25 L 9 A-193

2.10.9 For all new installations of large low speed S g g 23y slo g peS Wax Glowai jo A-Ve-T
reciprocating compressors (200-600 rpm), rolled

PR )9 slwegs, (Ao )0 H90 (Ve o=Fr o) b Cepw S5
(formed) threads shall be used to minimize any

stress concentration at the threads (as per ASTM 293) Jomayd G 35503 B 98 )18 eoll 250 il e
A-193 for bolts and ASTM A-194 for nuts). ADD oyto 61y g ASTM A-193 5l b z sl,0) wisl JSlos> o
(a3La1) (ASTM A-194 3 s
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2.10.10 Make anchor bolts as long as possible, for
the following reasons: ADD

- Lengthening anchor bolts increases their
tolerance to creep of any polymeric materials
(e.g. epoxy grout) in the machine mounting.

- Lengthening the anchor bolts reduces the
dynamic stresses in the concrete near the bolt
termination.

- Lengthening anchor bolts increases the
separation of bolt termination from sources of
oil that can help grow the crack and weaken the
surrounding concrete.

"Note: Interested reader may refer to the following
document for further information:
‘FOUNDATION GUIDELINES”, Report No. TR-
97-2, 1998 Gas Machinery Research Council
(GMRCO)
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APPENDIX A

TYPICAL FOUNDATION AND ANCHOR
BOLT DETAILS
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REMARKS:

* The concrete has to be sufficiently cured

and shall be free of any dust, oil or
grease. The upper layer shall be
roughened,/chipped.

* Required reinforcement of foundation is

not shown in this schematic drawing.

* Dimensions in mm; dimension h depends

on actual situation at site.
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Fig. A-5 — TYPICAL FOUNDATION DIMENSIONS FOR THE INSTALLATION
OF VERTICAL CLOSE COUPLED PUMPS (ADD)
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Fig. A-6 — MOUNTING PLATE FOR VERTICAL CLOSE COUPLED PUMPS,
BS 4082 -CODE 20 AND 60 (ADD)
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APPENDIX A Gl Cawgus

TYPICAL FOUNDATION AND
ANCHOR BOLT DETAILS
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. Jackscrew — ..
5 e
:olwl

Dimensions: A el ¥
A 45 mm B ) oy
B .. 67 mm TR
C .. 80 x 80 mm C A x ke ¥O
Approx. weight: 1.05 kg P VB iy 039
Maximum load: 2000 kg per jackscrew I Em eSS Voo b She

Fig.A-9 - DIMENSIONS AND TYPICAL ARRANGEMENT OF JACKING SCREW (ADD)
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CHAPTER 5: MOUNTING PLATE
GROUTING

SECTION 1- DEFINITIONS

1.6 EQUIPMENT USER
The equipment user shall mean ‘Company’ MOD

SECTION 2- MACHINERY GROUTING
INSTALLATION DESIGN

2.4.3 Types of grout

2.4.3.1 Sand-cement grout

The use shall be limited to grouting of minor steel
structures (e.g. instrument stands) only.

The grout shall be a mixture of one part of
Portland cement and three parts of clean fine sand.

The grout shall have a minimum crushing strength
of 20 N/mm” after 28 days and not less than 13
N/mm” at 7 days.

The sand aggregate shall comply with the
relevant sections of BS 812 or equivalent code
with respect to mechanical, physical and chemical
properties, and be capable of freely passing a
filter mesh of 1.5 mm. ADD

2.4.3.2 Non-shrink grout

A grout is regarded as non-shrink if its volume is
not less than the initial volume, after hardening for
28 days. During this period the test specimens
shall have been completely protected against
drying, evaporating, carbonation and exposure to
temperatures outside the range 23 °C £ 3 °C. ADD

The type and brand of non-shrink grout shall, after
approval, be indicated on the drawings and/or
specification for concrete work Contractor shall
supply the Manufacturer’'s data sheets and
certificates.

The grout shall be free of chlorides and shall have
a pouring consistency.

A metal-oxidizing or gypsum-forming non-shrink
grout shall not be used.

Non-shrink grout shall be applied under all major
steel structures and stationary, rotating and
reciprocating equipment.
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In general one of the following types of non-
shrink grout shall be used:

- Cement-based non-shrink grout, with a
minimum compressive strength of 75

N/mm?;

- Epoxy-based non-shrink grout, with a
minimum compressive strength of 95
N/mm’. ADD

2.4.3.3 Grouting of pre-stressed systems

(tendons)

Grouting of tendons shall be in accordance with
CEB-FIB MODEL CODE 1990, Section 11.8 and
the FIB Guide to Good practice “Grouting of
tendons in pre-stressed concrete”, 1900 or BS
8110-1, clause 8.9.

The injection grout shall have at least the same
properties  (compressive  strengths,  tensile
strengths, adhesion etc.) as the specified concrete.
The water/cement ratio shall not exceed 0.40.

The Contractor shall compile the type and
composition (including test results and data
sheets) of the injection grout. A QA/QC procedure
shall be provided by Contractor.

The ducts of the tendons shall be dried by air
blowing. The air shall be free of oil and shall have
a maximum relative humidity of 65%. The ducts
of the tendons shall be filled with injection grout
and checked for proper, complete filling. See also
BS 4408 in this respect.

The pockets at the anchorage of the pre-stressed
tendons shall be filled with concrete of at least the
same properties as the structural concrete. A
modified poured (repair) concrete or gunited
concrete should be used. Surface preparation, such
as removal of the laitance and the use of an
approved bonding agent, shall be considered to
ensure proper bonding. ADD
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CHAPTER 6- PIPINIG
SECTION 1- DEFINITIONS

1.9 Equipment User
The equipment user shall mean ‘Company’. MOD

SECTION 2- MACHINERY PIPING
INSTALLATION DESIGN

2.1 SCOPE

2.1.1 This recommended practice (RP) is intended
to provide guidelines for the installation and
preinstallation design of piping that is connected
to machinery in petroleum or chemical processing
facilities. The Contractor shall ensure that the
piping associated with the process machineries is
in accordance with Manufacturer’s requirements
and with IPS-E-PM-385(1), "Machinery Piping"
requirements. MOD

2.4 Piping Supports

Requirements of IPS-G-PI-280 (1)shall be met as
deemed applicable. MOD

2.4.1 Piping shall not be fully connected to the
equipment before the final pipe supports have
been installed. ADD

2.4.2 To avoid the undue stressing of rotating
equipment, the installation of piping shall never
start from rotating equipment nozzles. Piping
upstream and downstream of the equipment shall
be fitted from the nearest anchor. ADD

2.5 Provision for Field Welds

2.5.1 Welding shall not be done on piping
connected to the equipment foundation, base
plates or the equipment itself, without proper
direct earthing-back to the welding transformer. In
order to prevent damage to equipment bearings by
stray currents, earth cables shall not be connected
to any part (base plate, pedestal, drive, etc.) of

rotating equipment. ADD
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2.8 Inlet Strainers

Requirements of [PS-G-PI-230 (0) shall be met as
deemed applicable. MOD

SECTION 4- MACHINERY PIPING
4.1 General Requirement

4.1.10 The materials of all pipe and fittings shall
comply with the specified requirements.

4.1.11 Bolting, gaskets, flanges, and flange finish
shall be all in accordance with the specifications.
ADD

4.1.12 Drains shall be at the lowest points and
vents shall be at the highest points. Steam lines
connected to hot process lines shall be provided
with a drain or vent and a valve as close as
possible to the process lines. ADD

4.1.13 Un-insulated lines for a hot product shall be
safely protected at locations where personnel can
come into contact with these lines. ADD

4.1.14 Globe valves and check valves shall be
installed correctly for the direction of flow. ADD

4.6 Piping Alignment Requirements

4.6.5 Process piping flanges shall be lined up
properly with the equipment flanges. ADD

4.6.7 All process piping in between suction
strainer/filter and equipment nozzle shall be clean
(no mill scale etc.). If the line diameter is too
small for a proper visual inspection, line sections
concerned shall be removed and chemically
cleaned and passivated. ADD

4.6.8 The alignment shall be checked during final
connection of the process piping to the equipment.
Dust blinds shall remain in place up to that time.

ADD
4.6.9 For closed cooling water system, it shall be

checked whether the system is properly treated
with anti-freeze and corrosion inhibitor. ADD
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4.8 PIPE STRAIN MEASUREMENT

4.8.8 Process lines leading to and from the
equipment shall be connected to the equipment in
such a way that strain-free operation is

assured.
ADD
APPENDIX A
MACHINERY PIPING INSTALLATION
DESIGN

4.1 General Requirement

4.1.10 Verify that the materials of all pipe and
fittings comply with the specified requirements.
ADD

4.1.11 Verify whether bolting, gaskets, flanges,
and flange finish are all in accordance with the
specifications. ADD

4.1.12 Verify that drains are at the lowest points
and vents are at the highest points. Steam lines
connected to hot process lines shall be provided
with a drain or vent and a valve as close as
possible to the process lines. ADD

4.1.13 Verify that Un-insulated lines for a hot
product have been safely protected at locations
where personnel can come into contact with these
lines. ADD

4.1.14 Verify whether globe valves and check
valves have been installed correctly for the
direction of flow. ADD

4.6 Piping Alignment Requirements

4.6.5 Verify that process piping flanges line up
properly with the equipment flanges. ADD

4.6.7 Verify that all process piping in between
suction strainer/filter and equipment nozzle is
clean (no mill scale etc.). If the line diameter is
too small for a proper visual inspection, line
sections concerned shall be removed and
chemically cleaned and passivated. ADD

4.6.8 Verify the alignment during final connection
of the process piping to the equipment. Check if
dust blinds are remained in place up to that time.
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ADD

4.6.9 For closed cooling water system, check
whether the system is properly treated with anti-
freeze and corrosion inhibitor. ADD

4.8 Pipe Strain Measurement

4.8.8 Verify that process lines leading to and from
the equipment have been connected to the
equipment in such a way that strain-free operation
is assured. ADD
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CHAPTER 7: SHAFT ALIGNMENT
SECTION 1- DEFINITIONS

1.10 EQUIPMENT USER
The equipment user shall mean ‘Company’. MOD

SECTION 3- GENERAL REQUIREMENTS

3.1.6 Alignment shall allow for potential
movements such as thermal expansion, hydraulic
loading, gears with racing pinions, etc. The
Manufacturer's instructions shall be followed.

ADD
3.1.7 Prior to alignment checking it should be

confirmed that the equipment is correctly
supported, e.g.:

oNo "soft foot" (maximum dial movement
0.03 mm);

Note : A 'soft foot' is one which does not have
solid flat contact with the mating support pads
when the equipment is in place.

e Shims are of stainless steel;

oShims straddle foundation bolts and are fully
bearing;

eAxial and transverse keys are properly
located and secured;

el evel and alignment adjustment screws are
loose. ADD
SECTION 4- ALIGNMENT TYPES

4.1 GENERAL
The following methods of shaft alignment are
acceptable in the following order of preference:
1) Optical alignment method (with laser
optics);

2) The reverse periphery method with dial
indicators;

3) The face and rim method with 2 axial dial
gauges and 1 radial dial gauge.
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Note: Method 3) should be applied only for
those cases where the measuring diameter for the
face reading is equal to or larger than half the
DBSE (distance between shaft ends) to ensure
reliable angular shaft alignment readings. MOD

4.1.1 Both the driver and driven shafts are turned
simultaneously to take alignment readings. ADD

4.1.2 Readings shall be demonstrated to be
repeatable. Dial bracket sag shall be taken into

account and shall not be more than 0.05 mm
(which should be checked, e.g. on a lathe). ADD
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CHAPTER 8 : LUBRICATION SYSTEMS

SECTION 1-DEFINITIONS

1.3 EQUIPMENT USER
The equipment user shall mean ‘Company’. MOD

SECTION 2-LUBRICATION SYSTEM
INSTALLATION DESIGN

2.1 SCOPE

2.1.1 Requirements of IPS-M-PM-320 (1) shall be
met MOD

SECTION 3-LUBRICATION SYSTEM
INSTALLATION

34 MECHANICAL CLEANING OF PIPING

3.4.1 Requirements of IPS-C-PI-410 (0) shall be
met. MOD

3.6 Flushing of Oil Systems

3.6.11 After the lubrication system has been
properly flushed, drain the flushing oil. Oil tanks
shall be cleaned and inspected after the flushing
procedure. Replace filter elements and clean the
filters. Remove all the special precautions
installed for the system flushing. ADD

APPENDIX B
3.6 Flushing of Oil Systems
3.6.10 Verify whether the lubrication system has

been properly flushed and is clean. During
flushing the bearings shall be bypassed. ADD
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CHAPTER 9: COMMISSIONING
SECTION 1-DEFINITIONS

1.3 EQUIPMENT USER
The equipment user shall mean ‘Company’. MOD

SECTION 2-MACHINERY
COMMISSIONING

2.1 SCOPE

This Recommended Practice is intended to
provide guidelines for the design and installation
practices that affect the commissioning of general
purpose equipment, and to provide guidelines for
the commissioning (e.g. during new construction
projects and existing equipment following
maintenance or plant modifications). Unless
otherwise specified by the user, instructions
supplied by the machinery vendor should be
included. MOD

2.2 PURPOSE

General purpose equipment are those defined in
chapter 1 of API 686. MOD

SECTION 3-COMMISSIONING DESIGN

3.2 STRAINERS

Requirements of IPS-G-PI-230 (0) shall be met.
MOD

SECTION 4-FIELD COMMISSIONING

4.2.6 Verify the foundation bolts to make sure that
they are straight and vertical and securely
tightened. Shims should be located on either side
of each foundation bolt and made in one piece.
Layers of thin plates shall not be used. ADD

4.2.7 Verify that the insulation and fireproofing
have been applied in accordance with the
specification and that precautions have been taken
to prevent the ingress of water. ADD

4.2.8 Verify and inspect any alterations made
during plant construction and erection for
compliance with the design specification, and
record any deviations. ADD

4.2.9 Verify that the nozzle facings, flanges,
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flange finish, gaskets and stud bolts are in
accordance with specified requirements and the
alignment of flanges on process connections is
correct. ADD

4.2.10 A general inspection is required to check
personnel hazards (e.g. tripping and headroom)
associated with the accessibility of operating
equipment. Hazards shall be removed or
permanently marked and additional access
provided as needed. ADD

4.2.11 Verify that the proper mesh size is installed
in the suction line strainer/filter of the equipment
and that the strainer is fitted correctly. During the
initial ~ start-up, commissioning and initial
operating phase the strainer shall be covered with
a fine mesh gauze. The fine mesh gauze may be
removed after the initial operating phase if fouling
is within limits. This shall be determined by
means of a suitable differential pressure method.
ADD

4.3 Verification of Requirements

4.3.3 Verify whether special (maintenance) tools
and instruction manuals have been supplied. ADD

4.3.4 Verify that the nameplate is properly
attached to the equipment in accordance with the

specification. ADD

4.4 BEARING PREPARATION

Requirements of IPS-M-GN-140 (1) shall be met.
MOD

4.4.6 Verify the oil pressures and temperatures of
all bearings are within manufacturing tolerances.

ADD
4.9 STRAINERS
Requirements of IPS-G-P1-230 (0) shall be met.
MOD

SECTION 5-COMPRESSORS
5.2 COMMISSIONING OF COMPRESSORS

5.2.8 Stop it immediately if abnormalities are
observed. MOD

5.2.10 Sometimes a compressor is used to run on
air. The molecular weight and the K value of air
may differ from those of the process gas in the
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compressor. It is advisable to contact the
Manufacturer if such operation is foreseen or
required, as the compressor may have to be
operated at reduced speed and pressure; for
example, seals may have to be modified
temporarily to prevent equipment damage. ADD

5.3 Start-up Centrifugal Compressors

Requirements of IPS-M-PM-170 (1) shall be met.

5.3.4 Verify and record vibration levels and
leakage regularly, particularly after a change in
operating conditions, and confirm they are within
specified limits. ADD

5.3.5 When satisfactory operation is obtained and
all outstanding matters have been dealt with, the

unit is ready for performance test. ADD
54 Start-up Positive Displacement
Compressors

Requirements of IPS-M-PM-200 (1) and IPS-M-
PM-220 (1) shall be met as applicable.

5.4.9 Verify and line-up of lube-oil and cooling
water system that they are in accordance with flow
diagram. ADD

5.4.10 Verify that the lube-oil and cooling water
system have been properly flushed and are clean.
ADD

5.4.11 Verify that the piston travel clearances at
both sides of each cylinder and piston/piston rod
run-out are within manufacturer tolerances. ADD

5.4.12 Verify that whether the safety devices are
properly installed and in accordance with the data
sheets and flow diagram. ADD

5.4.13 Verify that the safety/relief valve is
installed and check set pressure. ADD

5.4.14 if an intermediate bearing is installed,
verify that the bearing housing contains oil or
grease, and check for correct oil level. ADD
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SECTION 6-PUMPS ADD

6.1 SCOPE

a. Section 7.2 covers activities common to
most pumps.

b. Section 7.3 covers activities common to
centrifugal pumps.

c. Section 7.4 covers activities common to
reciprocating pumps.

d. Section 7.5 covers activities common to
rotary positive-displacement pumps.
6.2 Commissioning of Pumps

This section contains
commissioning of pumps.

guidelines for the

6.2.1 A vendor service representative may be
required on-site to support the commissioning and
to protect the warranty.

6.2.2 Obtain the completed checklists to verify
installation and cleanout is completed.

6.2.3 Verify all instrumentation has been
calibrated and functionally tested.
6.2.4 Verify all control loops have been

functionally tested and all control valves work
properly.

6.2.5 Verify that all alarm and trip systems have
been functionally tested.

6.2.6 Verify that plant operating instructions have
been clearly understood and that all valves,
controllers, and switches are in their proper
positions.

6.2.7 Verify Following Items on Lubrication:

Proper functioning of the lubrication system.

Correct position and level of the constant-
level oiler.

c. Bearing housing contains oil up to the correct
level or is properly greased.
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6.2.8 Verify Following Items on Sealing:

a. Soft packing rings in the stuffing box are
of correct material and the packing and
gland are properly installed.

b. Location and connections of the lantern
ring are correct and proper seal liquid is
used, if applicable.

6.3 Start-Up Centrifugal Pumps

6.3.1 Requirements of [PS-M-PM-105 (1), [PS-M-
PM-115 (0), and IPS-M-PM-125 (0) shall be met
as applicable.

6.3.2 Verify that the type of mechanical seal and
its material are in accordance with specification.

6.3.3 Verify whether the seal piping arrangement
is correctly installed in accordance with the
specified API plan.

6.3.4 Prior to initial run:

-Check the free axial movement of the gear
coupling spacer, if applicable.

-Check the free

rotor/electric motor.

movement of pump

6.3.5 for initial run on water or flushing liquid
(if applicable) following items should be
considered:

a. Where necessary, supply cooling water,
start the luboil unit and seal liquid supply.

b. Check N2 partial pressure in accumulators
if applicable.

c. Open the suction valve and vent the pump
casing and seal chamber.

d. Start the pump with the discharge valve
cracked open and check the shut-off head.
Open the discharge valve gradually and
check the power consumption (ammeter)
at the same time.

e. Check the mechanical performance of the
pump on the duty point, e.g. bearing
temperature, vibration levels.
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6.3.6 Following items should be considered as

the final stage of start-up:

a. If a bypass or equalizing line is installed
for warming-up purposes, open the valve
in this line and warm up the pump for a
sufficient length of time.

b. Start the pump as for water.

c¢. Check and record vibration. If vibrations
are excessive make a hot check of the
coupling alignment, if necessary.

d. Check whether noise levels exceed the
specified limits.

Notes:

1. Ensure that vacuum pumps are not started
when full of liquid.

2. For high speed pumps, follow the start-up
procedure of the Manufacturer.

3. Multi-stage pumps with balancing disc
should always operate at the specified
differential head and design process
conditions. Low discharge heads could
destroy the balancing disks.

6.4 Start-up Reciprocating Pumps

6.4.1 Requirements of [PS-M-PM-130 (1) shall be
met as applicable.

6.4.2 If forced-feed lubrication is applied, check
the line-up of the luboil system.

6.4.3 Check that the crankcase contains oil up
to the correct level.

6.4.4 If a bladder type pulsation dampener is

installed, check that the nitrogen precharge
pressure is as specified.

6.4.5 Check whether a safety/relief valve is
installed and check the set pressure.

6.4.6  Prior to initial run:

a. Check the free axial movement of the gear
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6.4.7

6.4.8

coupling spacer, if applicable.

Check free movement of
rotor/electric motor.

pump

Check the suction and discharge valve
assembly and valve housings for
cleanliness and check whether the valves
are correctly assembled.

If the pump is driven by means of V-belts,
check the tension of these belts and check
pulley alignment.

If the pump is steam-driven, check that
the steam supply and exhaust lines have
been connected to the equipment so that
strain-free operation is assured. Check
flange bolts, gaskets and pipe supports.

Check the valve gear and re-adjust where
necessary.

Initial run (on product or flushing liquid):
Check any specific =~ Manufacturer
instructions. If stroke adjusting devices
are installed the Manufacturer's handling
instructions shall be followed. (In
principle the start-up should be at a

minimum capacity).

Supply the specified utilities, e.g. steam,
cooling water.

Supply, if applicable, steam to heating
jackets.

Start the luboil unit and seal liquid supply.

Open the suction and discharge valves.
Start the pump.

Check the mechanical performance of the
pump and its lubrication.

Following items on checking and
recording pump vibration should be
considered:
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a. Check whether noise exceeds specified
limits.

b. Check and record the mechanical
performance of the pump at the duty
point, e.g. bearing temperature, vibration
levels.

6.4.9 Following items should be considered as the
final stage of start-up:

a. If a bypass or equalizing line is installed
for warming-up purposes, open the valve
in this line and warm-up the pump for a
sufficient length of time.

b. Start the pump.

c¢. Check and record vibration. In case of
excessive vibrations make a hot check of
the coupling alignment, if necessary.

d. Check whether noise exceeds specified
limits.

6.5 Start-Up Rotary Positive-Displacement
Pumps

6.5.1 Requirements of [PS-M-PM-140 (1) shall be
met as applicable.

6.5.2 Verify that the type of mechanical seal
and its material are in accordance with
specification.

6.5.3 Verify whether the seal piping
arrangement is correctly installed in accordance
with the specified API plan.

6.5.4 Check whether a safety/relief valve is
installed and check the set pressure.

6.5.5 Following items should be considered prior
to initial run:

a. Check the suction line and filters for
absolute cleanliness.

b. Check the free axial movement of the gear
coupling spacer, if applicable.

c. Check the free movement of pump
rotor/electric motor.
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d. Check shaft coupling, bolting and bolt- Sl el Jilog 5 abge slo g SehsS -0
securing devices. S 8 el S yse b
6.5.6 Following items should be considered e R R T g
prior to initial run on flushing liquid or product: s S e ol Jlw b ocanSeand mle b asls
a. Supply the required utilities. 25l el 0l atie (Bras S)lge — A
b. Start the oil lubrication and seal o et able 5 (589, b o)l abbe —o
flush/quench system. (@555 [ouisS S [ 00iiS giiin) solr laylo
e il IS
c. Start the pump with the suction and D gy Sk ads g S le et b el -7
discharge valves open.
d. Check the mechanical performance of the LABLL (led 5 00l (b el (S o Shos =0
pump and watch bearing temperature. sl ks cos
e. Check and record vibration. g el g ood olales,f o
f. Make a hot check of the coupling Syge SoxhsS )0 05 Gogme w0 epsil Djge ;o -9
alignment, if necessary. 055 8 el
g. Check whether noise exceeds specified S o patiive S9a> 3l lao a5 35l o) )
limits. sl
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SECTION 7-TURBINES ADD

7.1 SCOPE

a. Section 8.2 covers activities common to
steam turbines.

b. Section 8.3 covers activities common to gas
turbines.

7.1.1 Since construction details and auxiliary
equipment can vary widely from Manufacturer to
Manufacturer, it is important to consult the
Manufacturer's instruction manual for any
additional checking not mentioned below.
Requirements of IPS-M-PM-240 (1) and IPS-M-
PM-260 (1) shall be met as applicable.

7.2 Commissioning of Steam Turbines

7.2.1 Check the schedule of auxiliary and
associated equipment for correct calibration and
operation.

7.2.2 Check that the casing and shaft can
expand with increasing temperatures. However,
transverse movement of the casing should be
prevented. The casing foundation bolts should
have adequate clearance under their heads to allow
for expansion of the casing.

7.2.3 Check bearings and bearing housings for
cleanliness. If applicable, check that bearing
lubricating rings have adequate movement.

7.2.4 Check for correct position of constant-
level oiler.

7.2.5 Check that the luboil
accordance with the flow diagram.

system is in
7.2.6 Check that the entire luboil system has
been properly flushed and is clean.

7.277 Check that the control oil system is in
accordance with the flow diagram.

7.2.8 Check that the entire control oil system
has been properly flushed and is clean.

7.2.9 Check that the cooling water system is in
accordance with the flow diagram.

7.2.10 Check that the entire cooling water system
has been properly flushed and is clean.
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7.2.11 Check the piping arrangement and shaft
seals.

7.2.12 Check vent and drain piping.

7.2.13 If a gland steam condenser is installed,
check for proper line-up of piping and control of
sealing steam.

7.2.14 Check that the line-up of vacuum
equipment is in accordance with the applicable
drawings.

7.2.15 Check whether safety devices are properly
installed and in accordance with data sheets and
flow diagram.

7.2.16 Check that the safety/relief valve is
installed and check the set pressure.

7.2.17 Check that bearing housings contain oil
up to the correct level.

7.2.18 Check that the luboil tanks contain oil up
to the correct level.

7.2.19 Depending on the type, check that the
governor contains oil up to the correct level.

7.2.20 Check that auxiliary luboil pump cuts in at
correct oil pressure.

7.2.21 Check that the line-up of the governing
system is in accordance with the applicable
drawings. If possible, operate the system and
check for proper functioning of relay valves,
control valves and main stop valve after correct
control oil pressure is obtained. If the main stop
valve is operated without oil pressure, check
proper functioning manually.

7.2.22 Check that the automatic cut-in turbines
are properly preheated and that the cut-in device is
properly set.

7.2.23 Check the proper functioning of all safety
devices. Safety devices which cannot be tested
when the machine is not running should be
checked during the initial run.

7.2.24 Check the lever-holding mechanism of the
overspeed trip device while the turbine is not
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running.

7.3 Start-Up of Steam Turbines

7.3.1 Before running the turbine, check the proper
functioning of all steam drains and condensate
traps. Consult Manufacturer's instruction manual
for start-up procedure of unit.

7.3.2 Run turbine uncoupled for a few hours
and make following checks:

a. Observe steam pressures and
temperatures, bearing temperatures and
that luboil flow to bearings is adequate.

b. Check the overspeed trip device by
increasing the turbine speed to the correct
trip speed, 3 times in succession.

c¢. Check and record vibration levels.

d. For automatic cut-in turbines, check the
cut-in device for correct operating
condition.

e. For condensing turbines, check the proper
functioning of vacuum equipment and
whether the required vacuum can be
obtained.

f. Check all condensate drains and steam
traps for proper operation.

g. Check whether the governor operates over
required speed range.

h. Check whether noise exceeds specified
limits.

7.3.3 If no abnormalities are observed during
turbine uncoupled run, the turbine can be coupled
to the driven machine and the complete unit
started up, taking into consideration the process
conditions and start-up procedure for the driven
machine.

7.3.4 Run the complete unit for a long period, if
possible under normal operating conditions, until
smooth operation is obtained and no abnormalities
are observed. During this test, all observations
carried out during previous turbine uncoupled run,
with the exception of the overspeed test, shall be
repeated.
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7.3.5 The following additional check should be
carried out during complete unit run:

a. Check when loading the turbine that the
control valves respond and open
gradually. If the turbine is equipped with
back pressure control valves, check that
they respond and function properly.

b. Make a hot check of the coupling
alignment as soon as the set has come to a
standstill following a running period of
some hours at design temperature.

7.4 COMMISSIONING OF GAS TURBINES

7.4.1 Check the equipment supplied against the
schedule of auxiliary and associated equipment for
correct calibration and settings.

7.4.2 Check that the casing, shaft and exhaust
duct can expand with increasing temperatures.
However, transverse movement of the casing
should be prevented. The casing foundation bolts
should have adequate clearance under their heads
to allow for expansion of the casing.

7.4.3 Check that the cooling system is in
accordance with the flow diagram.

7.4.4 Check that the entire cooling system has
been properly cleaned.

7.4.5 Check that the entire luboil oil system has
been properly flushed and is clean.

7.4.6  Check that the entire hydraulic oil system
has been properly flushed and is clean.

7.47 Check that the fuel supply system is in
accordance with the flow diagram.

7.4.8 Check that the entire fuel supply system
has been properly flushed and is clean.

7.4.9 Check the correct functioning and setting
of gas fuel supply system pressure regulators and
isolating/venting valves.

7.4.10 Operate the fuel control system statically
and check for correct equipment response.

7.4.11 After commissioning the compressor
washing system, ensure that it operates correctly
according to the Manufacturer's manual.
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7.4.12 Check all air intake bypass doors and
mechanized shutters for cleanliness and correct
operation.

7.4.13 Check whether safety devices are properly
installed and in accordance with the data sheets
and the flow diagram.

7.4.14 Check that the luboil tanks contain oil up
to the correct level.

7.4.15 Check that the auxiliary luboil pump cuts
in at the correct oil pressure.

7.4.16 Check that the line-up of the governing
system is in accordance with the drawings. If
possible, operate the system and check the proper
functioning of relay valves, control valves and the
main stop valve after correct hydraulic oil pressure
is obtained. If the main stop valve is operated
without oil pressure, check proper functioning
manually.

7.4.17 Check the proper functioning of all safety
devices. Safety devices which cannot be tested
when machine is not running should be checked
during the initial run.

7.4.18 Check fire protection and gas detection
systems for correct operation according to the
Manufacturer's manual.

7.5 START-UP OF GAS TURBINES

7.5.1 All runs shall take place under the
supervision and responsibility of the Supplier's
engineer and in accordance with  the
Manufacturer's instructions.

7.5.2 Perform a non-fired run and follow
manufacturer's instructions.

7.5.3 Perform a motoring run by repeating
item7.5.2 but with gas start selected.

7.54 Perform the final run under the
supervision and responsibility of the Supplier's
engineer and in accordance with  the
Manufacturer's instructions.

7.5.5 Check whether noise exceeds specified
limits.
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7.5.6 Take a vibration frequency analysis for
future reference.

7.5.77 Take an oil sample.

7.5.8 Compile a checklist of safety devices to
be calibrated. This checklist shall include all test
information.
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