MASTER INDEX PC281-NFL-N/E-1/P-II/MI 0 .

@, | INSTALLATION OF NEW 2500 CUBIC METER DOC. NO. Rev. | NG
‘ it < oré T \ CAPACITY HORTON SPHERE FOR STORAGE OF B
PDIL AMMONIA AT NFL, NANGAL Page 1 of 1 (NFL|

A Navratna Company

PART-Il: TECHNICAL
SECTION DESCRIPTION
1.0 PROJECT DESCRIPTION
20 BIDDER’S SCOPE OF WORK
3.0 DESIGN PHILOSOPHY -PROCESS
4.0 DESIGN PHILOSOPHY -STATIC EQUIPMENT
5.0 DESIGN PHILOSOPHY -PIPING
5.1 DESIGN PHILOSOPHY -FIRE FIGHTING
6.0 DESIGN PHILOSOPHY -ROTATING EQUIPMENT
7.0 DESIGN PHILOSOPHY -ELECTRICAL
8.0 DESIGN PHILOSOPHY -INSTRUMENTATION
9.0 DESIGN PHILOSOPHY -CIVIL & STRUCTURAL WORKS
10.0 CONSTRUCTION, ERECTION, PRECOMMISSIONING, COMMISSIONING &
START-UP
11.0 SITE SAFETY & WORKING CONDITION
12.0 PROJECT EXECUTION PLAN
13.0 PERFORMANCE TEST RUN
14.0 SPARE PARTS
15.0 INFORMATION REQUIRED IN THE TECHNICAL PROPOSAL
16.0 RECOMMENDED SUB-VENDOR LIST
170 DRAWINGS & DOCUMENTS
ANNEXURES | DESCRIPTION
1 PROPOSED LAYOUT FOR NEW HORTON SPHERE
> PIPING MATERIAL SPECIFICATION(PMS) & VALVE MATERIAL
SPECIFICATION (VMS)
3 INSULATION STANDARD
AA PESO APPROVED DRAWINGS & DOCUMENTS




PROJECTS & DEVELOPMENT INDIA LTD.

PC281-NFL-N/E-1/P-Il/1.0

DOCUMENT NO

REV

|
1
e

SHEET 1 of4

IA Navratna Company

PART II: TECHNICAL

SECTION -1.0

PROJECT DESCRIPTION

PLANT: NATIONAL FERTILIZERS LIMITED, NFL, NANGAL,

PUNJAB

PROJECTS: INSTALLATION OF NEW 2500 CUBIC METER
CAPACITY HORTON SPHERE FOR STORAGE OF AMMONIA
ALONG WITH ITS REFRIGERATION SYSTEM AT NFL, NANGAL

0 17.04.2023 | 17.04.2023 UNM KR MN
P 06.12.2022 | 06.12.2022 FOR CLIENT REVIEW UNM KR AKG
REV. | REV. DATE | EFF. DATE PURPOSE PREPD. | REVWD. | APPD.

FORM NO: 02-0000-0021F1 REV4

All rights reserved




f}" PROJECT DESCRIPTION PC281-NFL-N/E-1/P-Il/1.0 0
fEtam e || INSTALLATION OF NEW 2500 CUBIC METER DOCUMENT NO REV §.;
PDIL CAPACITY HORTON SPHERE FOR STORAGE 01 U 033 |
OF AMMONIA AT NFL, NANGAL SHEET 2 of 4 NEL
A Navratna Company
CONTENTS
SECTION NUMBER DESCRIPTION
1.0 Introduction
2.0 Plant Location
3.0 Storage Capacity & Configuration

FORM NO: 02-0000-0021 F1 REV3

All rights reserved




& PROJECT DESCRIPTION PC281-NFL-N/E-1/P-Il/1.0 0

%@ e® || INSTALLATION OF NEW 2500 CUBIC METER DOCUMENT NO REV §.f
‘ PDIL \

CAPACITY HORTON SPHERE FOR STORAGE 01 U 063
OF AMMONIA AT NFL, NANGAL SHEET 3of4 NEL

A Navratna Company

1.0 INTRODUCTION:

1.1 National Fertilizers Limited (NFL) is one of the largest producers of nitrogenous fertilizer in
the country having a capacity to produce 3.568 million tonnes of Urea per year along with
various industrial products. NFL is presently operating fertilizer units at Panipat, Bathinda,
Nangal and Vijaipur which are natural gas based plants with dedicated offsite and utility
facilities.

1.2 NFL intends to install 1 (One) no. of new Ammonia Horton Sphere (Cap. 2500 m®) at Nangal
along with its dedicated refrigeration system. New Horton sphere shall be interconnected
with existing Horton Sphere (F2401) system through tie-in points at strategic locations. The
scope also includes complete Mechanical, Civil, Electrical, Instrumentation work at NFL,
Nangal.

1.3 For this purpose, NFL, Nangal retained services of Projects & Development India Ltd. (PDIL)
as Consultant for providing Engineering Consultancy Services and Project Management
Services for the project to prepare Invitation to Bid (ITB) on turnkey basis for the scope of job
detailed in Section 2.0 of this ITB. The present ITB specifies the requirement of new
ammonia Horton sphere and other associated facility.

2.0 PLANT LOCATION:

The proposed new Ammonia Horton Sphere with associated facilities shall be located inside

the existing operating complex of NFL unit.

2.1. Site Location

Plant Location NFL Nangal

State Punjab

Nearest Important Town Roopnagar

Nearest Railway Station Nangal Dam which is about 3 km from the plant
Nearest Air port Chandigarh which is about 110 km from the plant
Nearest National Highway NH-21

2.2. Meteorological Data

Plant Location NFL Nangal
Maximum Ambient Temperature 48 °C
Minimum Ambient Temperature 1°C
Earthquake region / zone v
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Rainfall (Annually) (Min. /Max.) 1089.5 mm (2016)/1448 mm (2015)
Average Wind Speed As per I1S-875 (latest edition)
Site Elevation above Mean Sea Level 347.90 m

3.0 STORAGE CAPACITY & CONFIGURATION:
The bidder’s scope of work under this project for installation of Ammonia Horton Sphere at

NFL Nangal shall comprise of following facilities:

S.N. Plants & Facilities Capacity
Type : Horton Sphere
Ammonia storage : 2500 m3 (water equivalent)
. Diameter : 17000 mm(ID)
1. Ammonia Horton Sphere
MOC :LTCS
Design Pressure : 3.85 kg/cm2g

Design temperature  : (-) 30 °C

i) Ammonia Compressor (2W+1S)

i) Ammonia condenser (2W+1S)

i) Inert gas cooler (1W)

iv) Ammonia receiver (2W)

v) Drain pot (2W)

2. | Associated Facilities vi) Drain pit PUMP (1W)

vii) Electrical & Instrumentation system- Renovation
and integration with the existing switch boards.

viii)Interconnected pipelines/piping as per
requirement, etc.

ix) Additional Fire fighting facilities

FORM NO: 02-0000-0021 F1 REV3 All rights reserved




ﬁ PC281-NFL-N/E-1/P-Il/2.0 \.l
ddmw|| PROJECTS & DEVELOPMENT INDIA TN =
PDIL LTD. | piam

REV 1 SHEET 1 OF 12 avratna Company
PART II: TECHNICAL
SECTION - 2.0
BIDDER’S SCOPE OF WORK
PLANT: NATIONAL FERTILIZERS LIMITED, NFL, NANGAL,
PUNJAB
PROJECTS: INSTALLATION OF NEW 2500 CUBIC METER
CAPACITY HORTON SPHERE FOR STORAGE OF
AMMONIA ALONG WITH ITS REFRIGERATION
SYSTEM AT NFL, NANGAL

1 28.12.2023 | 28.12.2023 PESO comments incorporated ARVIND SKM SKM

0 15.02.2023 | 15.02.2023 Comments Incorporated UNM KR AKG

P 06.12.2022 | 06.12.2022 FOR CLIENT REVIEW UNM KR AKG

REV | REV DATE | EFF DATE PURPOSE PREPD | REVWD | APPD




BIDDER’S SCOPE OF WORK PC281-NFL-N/E-1/P-1I/2.0 s
o INSTALLATION OF NEW 2500 CUBIC METER \7

CAPACITY HORTON SPHERE FOR STORAGE DOCUMENT NO
PDIL OF AMMONIA AT NFL, NANGAL BV 1 SHEET 2 OF 12 WesmtenGtrneed
CONTENTS
SECTION NUMBER DESCRIPTION

1. BIDDER SCOPE OF WORK

2, SCOPE OF SERVICES

3. BATTERY LIMIT INTERFACE

4, OWNER'’S OBLIGATION

5, DELIVERABLES AFTER AWARD OF THE CONTRACT

6. DRAWINGS AND DOCUMENTS ISSUED FOR CONSTRUCTION

7. PROCUREMENT

8. INSPECTION

9. EXPEDITING

10. QUALITY ASSURANCE SYSTEM

1. PROJECT PLANNING, SCHEDULING & MONITORING:

12. TRAINING OF OWNER'S PERSONNEL




it < o T
PDIL

INSTALLATION OF NEW 2500 CUBIC METER

BIDDER’S SCOPE OF WORK PC281-NFL-N/E-1/P-l/2.0 §‘;

el U Ued
CAPACITY HORTON SPHERE FOR STORAGE DOCUMENT NO 'NFL

OF AMMONIA AT NFL, NANGAL

REV 1 SHEET 3 OF 12 (& Navratna Compar

1.0

1.1

BIDDER SCOPE OF WORK/ SUPPLY:

The Bidder's scope of work shall include Basic Design Engineering, Detailed
Engineering including Hook-up with existing facilities for all equipment & accessories,
Re-routing/Modification of any underground obstructions, above ground pipe rack
and its piping, if any, procurement of complete materials & bought-out items whatever
deemed necessary for mechanical, civil, electrical & instrumentation job, fabrication
at shop/site as required, loading, unloading & transportation, storage at site,
assembly, construction, civil & structural works, erection of mechanical, electrical &
instrumentation system, Mechanical Completion, inspection, testing, painting,
insulation, statutory approvals, Pre-commissioning, commissioning, trial runs and
demonstration of guarantees, if any, calibration, interface & supply of complete new
ammonia Horton sphere with new refrigeration system and its interconnection with
existing Horton sphere system along with spares & maintenance tools etc. on single
point responsibility basis.

SCOPE OF SUPPLY:

The Bidder’s scope of supply shall include, but not limited to the following:

Horton sphere of capacity 2500M3 and its refrigeration/liquefaction system with all
required associated equipment/accessories to meet the requirements as specified in
design basis & as per good engineering practices.

Complete Design, Detailed engineering, preparation of P&l drawings and Control
system, Isometrics, Piping Plan etc. for New Horton sphere system and
Interconnection with existing Horton Sphere system. Further interconnection of the
New Horton Sphere system with existing Horton Sphere system, as existing
infrastructure of Ammonia Pumps has to be used for both the Horton Sphere existing
one and proposed one. Further, existing refrigeration system and new Horton sphere
system shall be interconnected.

Bidder shall be responsible for execution of tasks summarised below but not limited
to the following:
» Detailed Design Engineering
Compliance with applicable latest Codes and Standards
Submission of Drawings and Documents
Procurement of equipment & materials
PESO/OISD and other statutory approvals / Environment Related Approvals
during Construction, if any.
Project Planning & Scheduling
Spares (Commissioning and 2 years operational) and special maintenance
tools, if any.
» Construction Tools including cranes and other special lifting equipments
» Port Clearance, if applicable, Transportation, Loading/Unloading and storing
of equipment at site & Material Control
» Temporary Work (Construction of Temporary Facilities)
» Civil & Structural Works

YV V VY

Y V
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Construction and erection of equipment, electrical, instrumentation and
piping.

Insulation of equipment and piping

Surface preparation of piping/equipment/structure before painting as per
specification.

Painting of piping/equipment/structures

CCTV servilience for new Horton sphere system

Safety and plant security

Progress Monitoring and Reporting

Quality Assurance

Technical information

Work of Sub-Contractors, if applicable

Co-ordination

Mechanical completion

HAZOP Study

Pre-commissioning

Commissioning

Performance Test Run

Insurance

Automobile Liability Insurance for personnel

Workmen’s Compensation Insurance for personnel

Erection All Risk Insurance

Marine & Inland Transportation Insurance

Applicable Laws and Regulations

Operating & Maintenance Manual

Hard and soft copies shall be provided of each document as per approved
DCI by PMC/Owner.

Civil Work including Design & Engineering, Construction of Sphere Foundation, Pipe
Rack Foundation as required, Pipe Sleepers as required, Foundation for following:

>
>

YV VVVYY

Sphere Structures

Kerb wall adjoining Horton sphere and sump along with seal and pump for
collection of ammonia contained water during routine test/commissioning/
testing.

Foundations for Condensers (03 Nos),

Foundation of Ammonia Receivers (02 Nos),

Foundation for Inert Gas Cooler (01 No),

Foundation for Ammonia Compressors (03 Nos).

Foundation for rerouted pipe rack. Any other foundations as per requirement

Design & Engineering, PESO Approval, Supply, Fabrication, Erection, Welding, NDT,
Hyrdrotesting, Painting of 01 No New 2500m3 Water Capacity Ammonia Horton Sphere.

PESO Approval for complete Horton sphere system.

Bidder to take cognizance to PESO letter No. A/S/HO/PB/03/383(S109537) dated
14.12.2023 (Annexure- AA attached in Technical Part ) for compliance.
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The Horton Sphere shall be fabricated by a PESO (CCOE) India approved manufacturer
of Pressure Vessels under SMPV (U) rules 2016 or any subsequent revisions as per
design drawings approved by PESO under stage inspection by a recognized 3™ party
inspection agency. Copy of valid PESO Approval should be enclosed along with the
Technical bid.

Control Room for Instrument Panels & Electrical Panels as per requirement.

Relocation of existing roads, drains, pits, trenches etc., relocation of existing pipe rack
and its piping falling under the proposed New Horton Sphere site including supply of all
material and installation/erection as well as dismantling/removal of redundant pipe
rack/its foundations (after relocation of pipe rack) etc. shall be in the scope of LSTK
contractor.

Installation of PSV on the top of Horton sphere for safety purpose.

Supply and Installation of minimum 100 mm Thick PUF Insulation on Sphere (Pressure
Part Only).

Supply and Application of Fireproofing (2 Hrs Rating) of Sphere Column Legs & Sway
Rods only.

Supply, Fabrication, Erection of Sphere Structure (Ladder, Handrails and Platform etc).

Supply & Erection of Ammonia condensers (03 Nos), Ammonia receivers (02 Nos), Inert
Gas Cooler (01 No), Ammonia Compressors (03 Nos).

Complete Instrumentation System including hook-up with existing system for new
Horton sphere with refrigeration system.

Complete Electrical System including hook-up with existing system for new Horton
sphere with refrigeration system.

Supply, Fabrication, Erection and Testing of Piping and Valves required for
Interconnection with existing Horton sphere.

Complete Integration of Electrical and Instrumentation with the existing system.

All necessary Hoists / EOT / Overhead Crane and other lifting machines / tools of
suitable capacity for carrying out future maintenance work Horton sphere &
COMpressors.

Complete Piping including hook-up with existing Horton sphere system and New Horton
Sphere system including its refrigeration systems etc. as per P&l.

Tentative location of all Hook Up / Tie-in points shall be identified during site visit and
Tie-In point’s installation is in scope of LSTK Contractor.

Fire protection system for the complete equipment supplied and installed by the Bidder
including Fire and smoke detection system, Fire Alarms & Fire suppression system.

Obtaining necessary statutory approval for this plant.

Pre- commissioning, Commissioning & Operational spares shall be as per Spare Parts
Section 14.0

Complete Fire Fighting facilities for New Horton sphere system.
Submission of Final Documentation & As- Built Drawings.
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aa. Any other item though not specified but required for say efficient operation and
maintenance of New Horton sphere system along with refrigeration system shall be
supplied by Bidder without any cost implication.

Note:

i) Bidder to essentially visit NFL site before quoting, to understand scope,
freedom/obligation of working in area, fabrication / construction / erection & assembly
constraints, etc and also to have a clear picture of interrelated existing facilities
available & any other specific requirements/data/document for successful execution of
this job, prior to submission of offer. It is considered an essential pre-condition. No extra
claim shall be entrained after the award of contract on account of ignorance of site
conditions. Bidder shall submit confirmation letter for the same in their Bid.

i) Bidder must check site specific ammonia vapour and liquid quality in view of Existing
Horton sphere and all protections to be taken care for offered Horton sphere along with
its refrigeration System.

2.0 SCOPE OF SERVICES:

BIDDER’S scope of services shall include but not limited to the following:

a. System engineering, preparation of heat and mass balance diagrams across all items
along with calculations, system wise Design Criteria document, PFD, P&ID, Ultility
Balance Diagram, system interlock logic diagram with its description, Line list, Load List,
Hazardous area classification diagram, All equipment and instrument data sheets,
piping layout, Isometric, piping plan, Pre-commissioning, Commissioning operation &
maintenance manual, Sensitivity Study, Plot Plan etc.

b. Detailed engineering comprising of plant layout piping stress analysis, Dynamic
Analysis, Civil and Mechanical structures etc., Electrical/Instrumentation layouts.

C. Bidder shall carry out HAZOP Study for the entire New Horton Sphere package along
with refrigeration system. The Independent chairman for the HAZOP study shall be
appointed by the Bidder after consultation / Approval from Client. The Bidder shall
incorporate all the recommended safe guards of HAZOP report.

d. All civil foundation, Building, Pavement, drainage, & all other Civil works.

e. Preparation of Documentation and obtaining OWNER / PMC reviews for the same.

f. Overall Project Management and progress reporting to OWNER / PMC.

g. Control write up with logic diagram for Horton sphere with Refrigeration System

h. Coordination with statutory authorities and arranging all approvals well in time.

i. Site clearing including removal/utilization of existing foundations, if any and cleaning

j Establishment of site office complete with all facilities and communication network.

k. Dispatch and transportation of equipment, consumables, construction aids and other
materials to site.

l. Procurement of raw material and bought out components

m. Manufacture, fabrication and assembly at site.

n.

Inspection and testing including third party
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3.0

3.1

3.2

Complete civil work construction.

Erection and installation of the complete Package.
Surface preparation, Painting, Insulation, cladding.
Flushing and cleaning

Engineering for interfacing all the inputs and outputs.
Hooking up of all services with battery limit INTERFACE.
Mechanical completion

Pre-commissioning activities and rectification
Commissioning and reliability run

Handing over the plant to the owner

Performance guarantee testing

Discrepancy correction

EOT/Overhead Crane and other lifting machines/tools of suitable capacity for carrying
out future maintenance work of Horton sphere.

Access road damaged during plant revamp will be repaired fully to the satisfaction of
owner. During site visit bidder must check available roads and provide acceptance.
Drain water system will be available as per site conditions. Bidder to provide discharge
quantity of construction water and rain water and check existing system for
accommodating same.

Construction power and water will be provided as per electrical and civil philosophy

BATTERY LIMIT INTERFACE

Bidder shall prepare piping interface drawing for all incoming & outgoing Feed & Utility
lines. All incoming & outgoing lines shall be provided with double block & bleed valve
with flow measurement.

Instrumentation interface and interlocking:

All instrument & controls, analysers with remote indication for safe, efficient operation
and maintenance code requirement etc. For details, refer Instrument Design
Philosophy (Section -8.0).

Electrical System Interface:

Two (2) no of 415 V Outgoing feeder panels of 1600 A rating shall be provided by NFL
rest all electrical system shall be under the scope of bidder. Electrical System Interface
shall be as per Electrical Specifications and Electrical Design Philosophy (Section —
7.0), which also includes complete supply system required for new Horton sphere with

Refrigeration system. The battery limit interface defined above is minimum. BIDDER is
cautioned to account for all the Battery Limit interface points that shall complete the
package and thus are deemed to be in BIDDER’s scope of services and supply. The
Bidder/ Representative may visit the site to assess the existing electrical system and the
space availability if necessary.




it < o T
PDIL

INSTALLATION OF NEW 2500 CUBIC METER
CAPACITY HORTON SPHERE FOR STORAGE DOCUMENT NO

REV 1 SHEET 8 OF 12 (& Navratna Compar

OF AMMONIA AT NFL, NANGAL

BIDDER’S SCOPE OF WORK PC281-NFL-N/E-1/P-l/2.0

4.0

5.0

5.1

5.2

OWNER’S OBLIGATION

)

Utilities like — Nitrogen, Instrument Air (Dry Air), Service Air, Cooling Water, LP
steam, Service Water, Electric power etc. which will be made available at the B/L
(Hook-up with existing system). However Bidder to indicate requirement of these
utilities along with offer.

Existing Ammonia Transfer Pumps and Product heaters to be used for both the
Horton Sphere Existing one and proposed New Horton Sphere.

DELIVERABLES AFTER AWARD OF THE CONTRACT

The deliverables to be submitted after award of contract as applicable for new Horton
sphere facilities shall include but not limited to the following:

Process Deliverables

>

VVVYVYVYVVYVYYVYYVYVYVY

Process Description

Basis of Design

Process Flow Diagram with Material & Energy Balance
Raw Material & Utility Balance Diagram

P & | Diagram

Line & Valve Lists

Hydraulic Studies & calculations

List of Equipment, Machinery, Motor & Instruments
Process data sheets for equipment & machinery
Trip Logic (cause & effect) Diagrams

Environment Management Philosophy

Process Control Philosophy

Process data sheet for Instruments & control valves

Mechanical Deliverables

A\

YVVVVYVYYVVVY

Y V V

Specifications for Equipment & Machineries with Material of Construction
Piping layout General Arrangement Plan & Section Drawings

Plot Plan

Detailed Plan Layout (Plan and Elevation)

Piping Isometrics

Pipe Stress Analysis Report

3D Model for piping, instruments, equipments, structures etc

Support drawings & support details/ schedule

Material Take Off

Purchase orders of all equipments/ machinery, all other items including
piping items

Vendor drawings of all equipment/ machinery and applicable piping items
Noise Report

Work order copies of all erection activities
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5.3 Materials/ Corrosion Deliverables

» Corrosion Engineering Report (including material selection guidelines)
» Painting Specifications including specification of paints as applicable.
» Cathodic protection for underground header, if applicable.

» Welding Procedures

» Insulation specifications

54 Electrical Deliverables
» Single Line Diagrams
» Electrical /Lighting/Cable Route Layout
» Area Layouts (Electrical Equipment, Area Lighting, Street Lighting, Cathodic
Protection, Cable Layout & Earthing System etc.)

» Substation/Area Key Line Diagrams

» Hazardous Area Classification (Both Reports and Drawings)

» Electrical Control and Wiring Diagrams

» Electrical Material Take Off

» Purchase orders of all equipment/ machinery and all other items

» Vendor drawings of all equipment/ machineries and applicable electrical
items

» Specifications of Motors & Electrical Equipment for main plant and off-sites /
utilities plant.

» Work order copies of all erection activities

55 Instrumentation deliverables
» Purchase specification of all instruments, control valves, control and logic
system
» Loop drawing, installation diagram, hook-up sketches, cable schedule, and
junction box wiring details.
» Instrument layout drawings (Electronic insts, TC/RTD, Junction box, Air
distribution pot)
Vendor’s drawing for instruments, valves and packages items
Interconnection drawing
Bill of materials for instrument erection materials like pipe, pipe fittings,
cables, cable trays junction boxes, compression fittings, air filter regulators,
instrument valves etc.
» Work order copies of all erection activities

5.6 Civil Deliverables

Design Report (Including Calculations) for Foundations and Structures
Detailed Foundation & Structural Construction Drawings

Specification, MTO for Civil/Structural Materials

Layout & Detailed Design Drawings for Foundations, Structures, Anchors,
Supports,

Platforms, Ladders, Stairways, Walkways & Buildings etc.

Pipe Rack & Pipe Support Detailed Drawings

Cable Trench Detailed Drawings
Site nrnin:\gn Plan nrnwinge

YV V V

YV V V V

vV V V
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5.7

6.0

7.0

A\

Drawing for Foundations, Reinforcement & Reinforcing Bar Schedules
Drawings for Cooling Tower Basin including specification of anti-corrosive
paint.

Building Drawings, if applicable.

Detailed Drawings for Roads and Paving

Detailed Drawings for Underground Services

Bill of Quantities for Civil / Structural

Soil Investigation Report

Final Calculation for Piles, if required, Foundations, Buildings, Structures
Work order copies of all erection activities

A\

YVVVYYVYVYVY

Operational Deliverables

Commissioning, Operation & Maintenance Manuals for all facilities
Vendor’'s Catalogue/Manuals

HAZOP Study Report

Emissions, Discharges & Wastes Study Report

As Built Drawings / Documents

Testing/Certification Documents

Pre-Commissioning / Commissioning Report

YVVVYYVYVYV

BIDDER shall furnish complete list of drawings/documents to be submitted after award
of contract indicating different categories e.g. For Owner's approval, for
reference/information etc for the system. All documents need not be approved by the
owner. The documents to be approved by owner shall be mutually agreed between
owner and the successful bidder.

DRAWINGS AND DOCUMENTS ISSUED FOR CONSTRUCTION

Contractor shall provide, construction drawing/document, technical procedures and
specifications signed & stamped as "APPROVED for Construction" to confirm that the
drawings/documents are certified in all respects and in all details. Drawings and
documents issued by Contractor for construction purposes, after review by Owner, shall
be sufficient from all respects and shall be so detailed in order to perform and execute
all activities satisfactorily for construction/erection, pre-commissioning, commissioning
and all modes of operations of the Plants, Machinery and Materials included in the
Plants.

PROCUREMENT

Contractor’s scope includes ordering, all import formalities, fabrication/purchase of
equipment and materials, port clearance, packaging and transportation to site,

stores management. ltems contemplated for fabrication at site to be submitted
along with the bid although both these aspects would be covered under the
Contractor’s responsibility.

Vendor manuals relating to installation, operation and maintenance and test
certificates should be necessarily sent along with equipment.




it < o T
PDIL

§
N7

Ul U Uy
[ NFL

BIDDER’S SCOPE OF WORK PC281-NFL-N/E-1/P-1l/2.0
INSTALLATION OF NEW 2500 CUBIC METER
CAPACITY HORTON SPHERE FOR STORAGE DOCUMENT NO
OF AMMONIA AT NFL, NANGAL BV 1 SHEET 11 OF 12

(& Navratna Compar

8.0

9.0

9.1

10.0

Before ordering, approval for technical portion would be taken from OWNER/PMC
in respect of the critical equipments (special equipments) comprising of mechanical
static and rotary equipments, electrical and instrumentation items.

INSPECTION

The Contractor is required to organise a proper inspection and expediting system
so as to ensure timely delivery of all the items/equipment meeting the specified
quality criteria. This function has to be carried out by appropriate deployment of
qualified personnel who have wide experience in their respective fields. Inspection
of all items supplied under this contract shall be carried out by independent third
party inspection agencies like Lloyds/ BV/ TUV/DNV. Third Party Inspection shall be
done by owner approved third party inspection agencies.

EXPEDITING

Expediting is one of the vital activities of successful and efficient procurement
system which enables timely execution on the project. Such expediting has to be
carried out by deployment of expediting coordinator, to enable this function to be
very effective and fruitful, following functions are to be carried out as a minimum.

Expediting Coordinator

Expediting Coordinator will liaison with various departments such as purchase,
projects, engineering, transportation etc. on one hand and regional
inspection/expediting offices and vendors on the other. The basic functions of such
expediting coordinator would be:

a) Maintain effective communication link between various departments of the
Contractor including his regional offices and vendors on whom the orders are
placed.

b) Status maintenance of all the orders.

c) Analyzing the order status in detail after identifying the critical order and
initiation of suitable remedial measures.

d) Acting as an effective instrument in final delivery of the item within contractual
delivery date (CDD).

QUALITY ASSURANCE SYSTEM
All work/services to be performed by the Contractor under this contract shall be of
specified/approved quality and Contractor shall have a quality assurance/quality
control (QA/QC) system during the performance of various activities such as
engineering, procurement, tendering, construction etc. Review/approval of activities
by Owner/PMC shall not however dilute the responsibility of Contractor for
maintaining quality.

The objective of the quality assurance scheme of the Contractor shall be to ensure
the conformity of equipment, material, site construction (if any) to various
standards, specifications, drawings and technical requirements that are being
mutually agreed between the Contractor and Owner/PMC. Quality Assurance
System should clearly indicate the organisational approach for quality control

and quality assurance of the various equipment/construction activities (if any) and
also provide a verifiable evidence of the Contractor having carried out all the
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quality level shall be ensured by controlling the quality level of purchased items at
vendor’s/sub-vendor’s shop/site and shall cover from source surveillance to final
inspection. The Contractor to submit a detailed inspection and testing plan for
various shop/site activities for review by Owner/PMC/TPI.

Inspection through an Approved Third Party Inspection Agency:

Inspection requirements of supplied material / equipments etc. at various vendors
inspection sites shall be fulfilled through Owner/PMC approved Third Party
Inspection Agency. Further, the responsibility for inspection/testing as per
specification approved documents and agreed Quality Assurance procedure and
plans shall be that of the Contractor. Inspection activities of the Third Party
Inspection Agency shall be coordinated by the Inspection Coordinator of Contractor.

PROJECT PLANNING, SCHEDULING & MONITORING:

The Contractor is required to institute and maintain a proper planning, scheduling
and monitoring system and employ professionally qualified and experienced
planning engineers for the project. The system shall have latest state of the art
technique. To this effect, Contractor shall implement this system through the Prima
Vera Project Planner. The system developed should be capable to support and
enforce proper control mechanism in the project. It should be based on hierarchical
breakdown of works with elaborate level of detailing and control. The levels of
controls should be such that it supports and foster controls at activity level, function
level and management level with greater emphasis on target, scope and
commitment at various stages of contract for accountability and action planning.
Such multi-level/ multi-tier system of planning, scheduling and monitoring, supports,
effective information generation, assimilation, summarisation and reporting in
proper and adequate manner.

Weekly Reports & Daily Reports, mainly consisting of important activities at site,
Material/equipments receipts, Labour deployment report, etc. shall be prepared and
submitted by the Contractor for Owner’'s/PMC’s review/approval at various stages of
the project.

TRAINING OF OWNER’S PERSONNEL

It is envisaged that implementing a comprehensive training scheme from the
Contractor will enable the Employer to have a well equipped staff set up for carrying
out the compressor, Horton sphere, PLC etc. operations and maintenance of the
system. The Contractor shall provide training to owner’'s personnel for each
installed specialised equipment / system and its maintenance & sustained operation
of Horton sphere facilities before handing over the system to owner.
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1.0 BRIEF SPECIFICATION
1.1. PLANT DESCRIPTION
The Horton Sphere Package for Nangal shall consist of 1 (One) No. Horton sphere
along with refrigeration system including all hookups with existing system and
associated facilities, as required.
Package Bidder’s battery limit shall be considered from hookup points from existing
facilities.
Capacity of Horton Sphere shall be 2500 m® (Equivalent water capacity) at about
3.5kg/cm2 (g).
Since the Hookup of all facilities from existing system is included in Bidder scope,
Bidder shall calculate the temperature & Pressure required of Ammonia along with
other utilities to take care pressure drop from Hook-up from existing system to
proposed facility. (To be confirmed by Bidder based on pressure drop from Existing
system to hook — up point to meet pressure / temperature requirement at hook — up
point). Bidder shall confirm the same accordingly.
1.2. Process and utilities parameters at interconnections(Refer P&ID no PC281-
4040-PID-0020 Rev 0):
Sr. | Existing Line Number with size & Operating condition | Design condition
No. | other detail which Hook - up is
envisaged Pressure Temp
Pressure | Temp (Kg/em2g) | (o C)
(Kg/cm2g) | (°C)
Liquid Ammonia in to | 150-AL-24-003- | 29 (-)4degC
y New Horton Sphere | 40.8NA
' from ammonia syn. | (6” - LTCS)
unit
Liquid ammonia at 250-AL-24-008- | 3.5 (+)1
2. Existing Transfer 40.8NA 3.85 (-)30
Pumps suction (10" = LTCS)
For Vent Stack (PSV | 150-V-24-032- 0.1 (+)40 3.5 (-28)
3 Discharge/ any other | 16.6 1206
' in line with existing | (6" — CS)
system
Cooling Water 200-WC-24-001- | 2.6 33 6 75
4. supply 10.5
(8" -CS)
Cooling water Return | 200-WCR-24- 14 43 6 75
5. 001-10.5
(8" -CS)
Instrument air 50-1A-24-001- 713 40 10 120
6. 16.3
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(2- SS)
Plant air 50-UA-24-001- | 6.5 43 9.9 75
7. 16.6
(2” -CS)
8. Service water 3 17 5 47
Nitrogen 50-N-24-001- 3.5 13 10 75
9. 16.6
(2”-CS)
10. | L.P Steam 50-S-2.5-24-001-| 2.5 146 4.5 176
10.6S
(2-CSIBR)
11. | Fire water Existing header | 8 25 10.5 65
12. | From Tanker 150-AL-24-001- | 17 1
Loading/unloading 40.8NA---(6"-
header LTCS)
13. | Vapour line to 80-AG-24-008- 17.5 1
ammonia tanker 25.8NA
(3”-LTCS)
14. | Liquid ammonia line | 80-AL-24-032- 17.5 44
from condenser to 40.8NA
Horton sphere (3”- LTCS)
15. | Ammonia vapour line| 150-AG-24-001- | 3.5 1
for refrigeration 25.8NA-(6"-
compressor LTCS)
16. | PV-29 pressure 150-AL-24-021- | 39 1
control line 40.8NA
(6”-LTCS)
17. | Vapour line from 80-AG-24-014- 17.5 1
inert gas chiller 25.8NA
(3’-LTCS)
18. | Ammonia return line | 80-AL-24-007- 39 19
line from unit(i.e 40.8NA
Nitric acid plant) (3”-LTCS)
Note:

2.0

21

a) Instrument Air receiver along with safety valve, pressure indication shall be

b) All instrument air/ Instrument air receiver piping shall be of stainless steel.

calculation.

HORTON SPHERE SPECIFICATION

Ammonia Horton sphere with associated facilities:

provided for safe shutdown of Horton Sphere system. Bidder to give the design
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2.2

Type Horton sphere
Quantity One (1) no.
Capacity Capacity : 2500 m®

Operating Pressure/Temp | 3.5 Kg/cm2g /(+) 1deg C

Design Pressure/Temp 3.85 Kg/cm2g /(-) 30 deg C

Size 17000 mm(ID)

MOC LTCS

Design Code ASME Section VIII Division 1 Latest edition
Fluid Handled Ammonia

System Facilities:

Liquid ammonia is primarily received from as per existing philosophy from Ammonia
synthesis section. Receipt of ammonia is also from existing truck unloading system.
For new Horton spheres ammonia is received through tie-ins with existing pipelines
for both the cases (Refer P&ID no PC281-4040-PID-0020 Rev P).

The Horton Sphere shall operate at about 3.5kg/cm2 (g) pressure and shall be
equipped with a dedicated package Refrigeration system.

Following operating conditions may be considered :

In normal running condition ,The 39.5 t/h of ammonia produced in the ammonia
synthesis section is expanded from 29kg/cm2g to the storage pressure of 3.5
kg/cm2g which corresponds to an evaporation temperature of (+) 1°C .

Total 89.5 te/hr ammonia i.e 39.5 te/h of ammonia produced from the ammonia
synthesis section at 29kg/cm2g and additionally 50 Te/hr receipt from LP storage are
expanded

Total 49.5 te/hr ammonia i.e The 39.5 t/h of ammonia produced in the ammonia
synthesis section at 29kg/cm2g and additional 10 Te/hr ammonia transfer from
Ammonia Road Tanker at 15-17 kg/cm2g pressure are expanded to 3.5kg/cm2g ,
which corresponds to an evaporation temperature of (+) 1°C.

In normal condition The 39.5 t/h of ammonia produced in the ammonia synthesis is
expanded from 29 kg/cm2g to the storage pressure of 3.5 kg/cm2g, which
corresponds to an evaporation temperature of (+) 1°C. By the expansion most of the
inert-gases get free. Additional ammonia gas is formed by the expansion and heat
transfer to the ammonia in the storage sphere.

Liquid ammonia from tanker is unloaded from tanker with the help of pressure
reduction at storage condition and vapour generated in the process is taken to
refrigeration system as described below.

These gases are sucked from the sphere F-2401A by the compressor (2W+1S) of
ammonia refrigeration system and are compressed to a condensing pressure of 17.7
ata. The hot gases are cooled and the main part of ammonia is condensed in the
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ammonia condenser (included in ammonia refrigeration package). The condensation
takes place by means of cooling water, which flows through the tubes of the
condenser, whereas the ammonia condenses on the shell side from where it goes to
the NH3 receiver included in ammonia refrigeration package). The non-condensed
gases are led to the inert gas cooler (included in inert gas cooler), where further
ammonia condensation takes place. This gas from condensers flows through the
tubes in the inert gas cooler whereas in the shell side ammonia liquid vaporizes at
1°C, which flows towards the sphere from where it is finally sucked to the compressor
again. The inert gases still containing a small amount of ammonia gas are led to flare
via pressure control, which controls the tube side pressure of the inert gas cooler i.e.
the control of entire high pressure loop. The condensed ammonia is led to the shell
side for this cooler. The ammonia liquid required on the shell side of the Inert gas
cooler comes from the receiver and is controlled by level controller.

The excess of ammonia liquid in the receiver is expanded via a float valve to the
Horton-sphere. The distribution of the ammonia is carried out by the transfer pumps
G-2401/02/03/1.43PC1. These pumps take off the ammonia liquid from the Horton
sphere and increase the pressure to 40 ata via the ammonia cooler (product heater),
where the ammonia is heated up to 19°C. The ammonia liquid is distributed to the
Urea and Nitric acid and ammonium Nitrate plants.

In the ammonia heater the ammonia liquid from the Ammonia refrigeration Receiver is
sub-cooled to 6°C. The sub-cooled NH3-liquid flows to the process ammonia chillers
and ammonia vapors are again sucked by the Ammonia refrigeration compressor.

During normal operation, one of the compressors and refrigeration condensing
system remains in line. Since the liquid ammonia pumps are in parallel operation, the
emergency valve XV-24101 installed on pumps suction line shall close automatically
only when all the pumps trips. Under normal operation two pumps are kept as
standby.

New Horton sphere discharge line is hooked up with existing pump suction. In normal
condition, Both the Horton spheres shall be inter-connected and shall be working in
unison. When any Horton Sphere (Existing/new) is not running or under maintenance,
the other Horton sphere shall be used for storage and supply of entire ammonia
product with either new refrigeration system or existing refrigeration system.

Process safety and control for new Horton sphere system

Pressure & Level Control

Operation of the system is monitored and controlled with the following interlock &
control system. The pressure of Horton sphere is being maintained at 3.4 Kg/cm2 (g).

F2402A Horton sphere pressure shall be monitored with the help of PT-24203A, PT-
24203B & PT-24203C. High pressure alarm (PAH-2003) shall be generated when
reaches to high limit value to the operator.

When pressure reaches further higher (Horton sphere pressure High-High) PAHH
with 2003 logic will start automatically the NH3 compressor in ammonia refrigeration
package system being used for Control Horton sphere pressure by converting vapour
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into liquid. At the same time, the annunciator lamp of high-high of Horton sphere
pressure installed in local control room will glow.

At low-low pressure of ammonia PALL-24203 shall stop NH3 compressor in ammonia
refrigeration package system through 2003 logic system & the annunciator lamp of
Horton sphere installed in local control room will glow.

Level of Horton Sphere shall be monitored and indicated with the help of following.

a) Level Transmitter (DP type): Tag- LI-24201
b) Level Transmitter (Servo) : Tag- LI- 24202

When LI-24201 reaches to preset high limit value as mentioned above, it will generate
alarms to the operator.

Either Horton sphere pressure (PAHH-24202_2003) or level of Horton Sphere
(LAHH-24201)or both reaches to High-High limit value as mentioned above, the
unloading valve XV-24202 gets closed. The annunciator lamp of high-high of Horton
sphere level installed in local control room will glow.

Two safety relief valves (PSV-24201 & PSV-24202) on new Horton sphere have been
considered for release of any extreme over pressure situation and routed to existing
flare stack. Safety relief valves shall be sized for fire case scenario.

Ammonia Storage Refrigeration Compressor System (New) (Re-liquefaction):

To control Horton sphere pressure and removal of inert present in NH3 gas: The
ammonia gas and the inert are sucked off from Horton sphere by the compressor and
then compressed to a pressure of 17 Kg/cm2g at which it can be condensed by
cooling water. First the main part of ammonia gas is condensed in ammonia
condenser and sent back to Horton sphere, a further part is liquefied in the inert gas
cooler (new) against vaporizing ammonia.

New NH3 compressors can be started manually from local panel and automatically
through the logic of the compressor vendor.

For starting compressors automatically, Auto On/Off button provided in local control
panel has to keep in auto on.

As per suction pressure/ Horton sphere vapor pressure, NH3 compressors can
be started (PAHH24202_2003) and stopped (PALL24202_ 2003). Further, the
loading or unloading of compressors is being done through the logic specified by
compressor vendor.

In ammonia condensation section, NH3 liquid gets accumulated in NH3 condenser
(new) & Ammonia receiver (new) respectively. The level of NH3 condenser is being
controlled by level controller through level control valve. Accumulated NH3 shall be
sent to Horton sphere through level controller of ammonia receiver.

The Compressor outlet pressure is being controlled by Pressure control valve
installed at new Inert gas Cooler. The excess left over vapours of NH3 & inert in inert
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2.6

2.7

3.0

3.1

gas cooler are being sent to cold flare stack through PIC control to maintain the
compressor outlet pressure.

Horton Sphere Isolation:

For isolation of new Horton sphere, isolation philosophy for existing Horton sphere
shall be followed with trip buttons.

On pressing any trip button, XV- 24201 gets (main outlet valve of Horton sphere)
closed & all transfer pumps get tripped.

Unloading Of Tankers:

The pressure and level of Horton sphere should be kept normal to open XV-24202.

If pressure of ammonia tanker is low, the vapor left after ammonia condensation
in re-liquefaction section can be used through the pressure control valve PIC- 24204
for unloading the tanker.

The unloading of NH3 is being done through XV-24202.

Plant Emergency Shut Down:

Plant emergency shutdown shall be done manually through trip button as per existing
philosophy

Low temperature Carbon steel (seamless) Class piping for handling of Ammonia with
insulation shall be provided as per Vendor’s standard.

INSTRUMENTATION AND CONTROL
For details, refer Instrument Design Philosophy (Section -8.0)

DESIGN DATA

SITE CONDITION

Site Location

Country India

State Punjab

District Roopnagar (Ropar)
Place Nangal

Longitude 31923"7.0656” N
Latitude 76°22729.6148”" E

Weather Conditions

Mid October to March 36.7 °C at humidity: 90% (max) and
11.1 °C at humidity: 92% (min)
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5.0

April to Mid June

46.7 °C at humidity: 69% (max) and
16.7 °C at humidity: 87% (min)

Mid June to Mid October

40.0 °C at humidity: 84% (max) and
26.7 °C at humidity: 84% (min)

Atmospheric Pressure, mbar

Maximum 735 Torr

Minimum 720 Torr

Design 725 Torr
Rainfall, mm

Annual Rainfall 1097.5 mm

Maximum Rainfall in 24 hrs 114 mm

Design Rainfall Intensity

94 mm on 01.09.2016

for 1 hr duration, mm/hr

Owner to Specify mm

Temperature, °C

max °C 48

min °C 1

Design / Humidity

Winter % relative Min 42%
Summer % relative Max 100%

Design Air Temperature (For electrical equipment system)

Design Temperature

50°C

RH

100 %

POLLUTION CONTROL

Air Effluents & Water based effluents as per MINAS, CPCB and PPCB norms

NOISE LEVEL

Noise generated shall not exceed 85 dBA at 1 m distance from the source of
individual equipment under normal range of operating conditions.

FIRE FIGHTING SYSTEM

Bidder shall provide electronically operated, fully automatic, latest extinguishing
system for storage facility fire fighting with alarms and trip interlocks. Ultra Violet
detectors as well as heat detectors are to be provided for Fire detection. For detail fire
detection and protection system under this package refer the section - Design

Philosophy — Fire Fighting System.

2 out of 3 voting logic of fire and gas detection system is to be considered for tripping

of facilities.

UTILITIES
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All required Ammonia & Utilities shall be supplied at the battery limit (i.e. Hook up
point) of HORTON SPHERE by client, Bidder to take hook-up from all Utilities &
Ammonia. Ammonia & all utilities shall be provided with double block and bleed
arrangement for positive isolation at HORTON SPHERE B.L. by Bidder. All tie-ins
may be taken up in shutdown prior to Hook-up Shut down.
The following utilities shall be available for the HORTON SPHERE:
i) Ammonia
i) Service water / Make up water
iii) Cooling water
iv) Service / Plant air
V) Dry Instrument air
Vi) Nitrogen
vii) LP Steam
viii) Fire Water
iX) Drinking water
Bidder to furnish all utilities consumption such as power, CW, Nitrogen as etc.
Incoming Ammonia, Instrument Air, Cooling water, etc shall be provided with DCS
indication of Pressure, Temperature & Flow at HORTON SPHERE Battery Limit
(Hook-up point).
6.0 EQUIPMENT LIST:
Sr. | Equipment Equipment Nos Brief Description Remarks
No | tag no. Name
Type : Horton sphere
Ammonia Cgpacity : 2500 m3
storage Size = 17000 mm(ID}
1. | F-2401(A) 1W Material of Construction: LTCS
Horton . )
sphere Wor_klng Presssure:3.5 kg/cm2g
Design Pressure : 3.85kg/cm2g
Design Temperature: (-)30 degC
Type:
Capacity: 55m2 heat transfer area
1.43 AUF HE- Size-0.5m IDX 5m length
> I(A)/ Ammonia 3(2W+1S) Material of Construction:
" | E2401(A)/E240 | condenser (Shell, Partition Plate) SA 516 Gr70
1B(A) (Tube)SA 179
(Tube Sheet) SA 516 Gr70
(Baffles) IS 226
Type:
3. | E 2402 (A) Inert gas 1 Cgpacity: 24m2 heat transfer area
cooler Diff. Pressure-
Material of Construction:
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Shell, Partition Plate) SA 516 Gr70
(Tube)SA 179

(Tube Sheet) SA-516 Gr-70
(Baffles) 1S-226

G 2401(A) G

Type: Reciprocating compressor
Capacity: 354 m3/hr

2402 (A)/ ﬁ;"mm‘r’g'si or | 3(2W+1S) | Material of Construction:
G2403 (A) P Cylinder-IS 2002 Gr.2A
Piston-Aluminum Alloy
Type:
Capacity :0.49m3
(1A‘;r/3FA;J4FOZSOR1 Ammonia > Material of Construction:
(A) receiver SA 516 Gr70
Capacity-:0.5m3
Material of Construction:
1.43-SD- Shell-DIN-17155 H 1l
: Drain pot 2 Operating pressure-0.3kg/cm2g

1a/1.43-SD-1b

Operating Temp.- (+)33 deg ¢
Design Temp:(-)33 deg ¢

Drain Pit Pump

Capacity-by bidder
Head-by bidder
Moc-by bidder
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1.0 GENERAL
11 SCOPE
1.11 This document defines the design philosophy to be applied to the design of various types of

static equipment i.e. Horton Sphere, Pressure Vessels, Heat Exchangers, Storage Tanks and
Vessel Internals for a New 2500 cubic meter capacity Horton Sphere for storage of
ammonia along with its refrigeration system, interconnection with existing Horton
Sphere (F2401) system, at NFL, Nangal.

1.1.2 The complete design, material of construction/fabrication (shop/site as applicable), inspection,
testing, painting, supply, transportation and erection of equipment etc. at project site shall
conform to the specifications, drawings and internationally accepted codes / standards duly
accepted by the Owner. In addition, all statutory rules & regulations shall also be complied with.

1.2 CODES AND STANDARDS

1.21 The equipment shall be designed & constructed as per the latest edition of the following codes

and standards:

Code**
ASME Section VIII Div1 & 2

Description

Rules for construction of Unfired Pressure Vessels
Standards of Tubular Exchangers Manufacturer's
Association / For Shell & Tube Heat Exchanger

Rules for Construction of Power Boiler & Indian Boiler
regulations

TEMA ‘R’ / API 660

ASME Section 1 & IBR

API 650 Welded Steel Tanks for Oil Storage

API-653 Tank Inspection, Repair, Alteration, and Reconstruction
API RP 2000 Venting Atmospheric and Low pressure storage Tanks
AP 2550 clt/}l/tlei?;?czr_rrgﬁsssurement and calibration of upright
ﬁg'g/issﬁ\c/f fon Il Materials Specifications

ASME Section Il PART C

Specification for welding rod, electrode & filler metal

ASME SEC Il PART D

Properties

ASME Section V

Non-destructive Examination

ASME Section IX

Welding Qualification

EJMA * Standard of Expansion Joint Manufacturers Association
NACE National Association of Corrosion Engineers

ASME B 16.5 For flanges

ASME B 16.47 For large diameter flanges

ASME B 16.20 For gaskets

ANSI Pipes, Flanges, Fittings and Valves

IS: 875/SITE DATA

For wind load consideration

DATA

IS: 1893 (Part 4):2015 / SITE

For seismic design consideration

Factory Act, 1948 BS CP 3003

Factory Act & State Govt factory rules Code of Practice on
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Code** Description
(Part 1) lining of Vessels and equipment for Chemical Process.
PESO Petroleum And Explosives Safety Organisation
SMPV (U) Static and Mobile pressure vessels (unfired) rules 2016 or
latest

*- Except for heat exchangers, while for heat exchangers the expansion bellows shall be
designed as per TEMA standard.

** Any conflicts between documents, including regulations and codes, shall be brought to the
Purchaser’s Attention for resolution

NOTES:

1.

LSTK Contractor may select DIN, BS or any other well known international materials as
substituted materials to ASTM/ASME ones, if they are equivalent or superior to ASTM/ ASME
ones. The chemical & mechanical properties of such equivalent or superior offered
materials preferably comparison w.r.t. ASTM materials shall be furnished along the bid. LSTK
Contractor shall also submit the references of past supplies of similar type of equipment w.r.t.
the proposed materials offered by them in their bid.

2. Process licensors guidelines / standards may be adopted complying minimum  requirements
of this design philosophy of static equipment. Details of such Selected guidelines/standards
along with the list shall be furnished in the bid.

3. Specifications of all critical equipments including those specified by the process licensor shall
be furnished in the technical bid.

1.3 REGULATIONS
Besides codes & standards, LSTK Contractor shall follow National Laws and Regulations such
as Indian Boiler Regulation and Department of Explosives, Nagpur, India together with Local by
Laws for the state including statutory requirements as applicable. Static and Mobile Pressure
Vessel (SMPV) rules as applicable shall also be complied with.

PUBLICATIONS:
NACE MR 0103 Materials Resistant to Sulfide Stress Cracking in Corrosive
Petroleum Refining Environments
NACE MR 0175 /1S0O Petroleum and natural gas industries - Materials for use in H2S
15156 containing environments in oil and gas production
NACE TM 0284 Evaluation of Pipeline and Pressure Vessel Steel for Resistance to
Hydrogen Induced Cracking

NACE TM 0177 Laboratory Testing of Metals for Resistance to Sulphide Stress
Cracking in Hydrogen Sulphide Environment

WRC Bulletin # 107 Local Stresses in Spherical & Cylindrical Shells due to External
Loadings.

WRC Bulletin # 297 Local Stresses in Cylindrical Shells due to External Loadings on
Nozzles

1.4 SITE CONDITIONS
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1.4.1

1.5

1.5.1

1.6

1.6.1

1.6.2

1.6.3

1.6.4

1.6.5

1.7

1.7.1

1.7.2

Climatic and other site conditions as defined elsewhere.
OPERATING DUTY

As defined in process design basis or elsewhere
DESIGN DOCUMENTATION

Detailed design calculations considering different loadings shall be made as per
code/standards and the additional requirements as mentioned below:-

Design of equipment inside the complex shall be in accordance with the PROCESS
LICENSOR'’S data sheets and specifications.

Strength calculation shall be performed in latest version of PV-elite software. LSTK
contractor/ Vendor shall send soft copy of PV-elite (.pvdb file) along with equipment
document submission during detail engineering to PMC/Owner.

LSTK Contractor shall consider the interfaces with other engineering disciplines w.r.t

- Piping Layout/Location Drawings

- Civil / Structural Drawings

- P&ID’s

- Materials

- 3D PDS Model for Piping and Equipment Layout
- Hazardous Area Classification

Design philosophy of other disciplines shall be observed and shall be relevant to the extent
applicable.

Civil/Structural Design Criteria

Piping Design Criteria

Process Design Criteria

Electrical and Instrumentation Design Criteria

SAFETY

Safety standards and features which are inherent in the specific mechanical equipment
design codes, standards and regulations are applicable to this criterion. Job Hazard and
Operability [HAZOP] as per OHSAS-18001 & Factory Act shall be done during design
stage the equipment.

Safety features to be incorporated into the design include, but are not limited to, the
following features for equipment:

- Ladder cages

- Safety chain across platform access

- Step-off platforms with Hand Railing where necessary
- Platform grating with adequate thickness

- Toe plates

FORM NO: 02-0000-0021 F2 REV3 All rights reserved
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1.8 EQUIPMENT FABRICATION

1.8.1 Equipment design shall be based on maximizing shop fabrication and assembly where
deemed practical. Fabrication in open yard shall be avoided.

1.8.2 The LSTK Contractor shall comply in all respects with the provision of the applicable codes
/ standards and specification during fabrication.

1.8.3 Impact test, when required as per code and specifications, shall be carried out on parent
metal, weld and HAZ.

1.8.4 Production Control coupons, when required as per code and specifications, shall be
subjected to all tests like impact, inter granular corrosion test etc., in addition to
mechanical test as required. In case of heat treated equipment test coupons shall be
given similar heat treatment as for the equipment.

1.8.5 Due provisions must be kept for venting out entrapped gases during welding of pads,
flanges and liner plates etc.

1.8.6 In case of equipment involving site assembly/fabrication the entire site job including
loading & unloading at site, fabrication, radiography, heat treatment, Inspection & testing
etc. shall be included in the scope of work.

1.8.7 All nozzle connections up to DN 10” size shall be made of seamless pipes. For sizes
above DN 10” nozzles connection may be rolled from plates with full radiography of welds.

1.8.8 No welding, hammering or deforming is permitted on the pressure retaining parts after post
weld heat treatment except as permitted by the codes or standards and when approved by
the purchaser.

1.8.9 Flange facing and thread connection shall be protected against oxidation during HT.

1.8.10 All welding shall be done by metal arc welding. For welding on thinner gauge sheets TIG
welding is preferred.

1.8.11 Gas or Carbon arc welding shall not be used.

1.8.12 Welding electrodes of composition similar to Internals material shall be used except

austenitic electrodes of higher chromium and nickel content such as AWS A5.4, ASME
SFA 5.4 class E309 and E310 may be used for 12-Cr stainless steel. For dissimilar
material welding, electrode composition shall be similar to nobler material being welded.
Following electrodes shall be used unless specified otherwise:

E 7018 for all CS materials

E 308 for all SS 304 to SS 304

E 308L for all SS 304L to SS 304L

E 309 MoL For SS 410S to SS 410S, SS to CS, SS 410S to SS 304, 304L,
316, 316L

E 316 For all SS 316

E 316L For all SS 316L

E Ni — Cu7 For Monel to Monel and Monel to CS/SS
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1.8.13

1.8.14

1.8.15

1.8.16

1.8.16.1

1.8.16.2

1.8.16.4

1.8.16.5

1.8.16.6

1.8.16.7

1.9

1.9.1

Welding wherever specified, is to be done by qualified and approved welders using the
suitable fillers and fluxes recommended for the materials in the fabrication drawings. For
welding the stud on tray decks and support beams, use of stud welding gun with suitable
flux is acceptable. In manually welding of studs, care should be taken to minimize the weld
spatter and the outside diameter of the weld so that it should not foul with tray deck or
washer. For stud welding, proper welding procedure shall be established. Torque required
for welding failure shall be higher than the torque required for failure of the stud.

A proposed Welding Procedure Specification (WPS) shall be submitted to approved
inspection agency for approval. On approval, a Procedure Qualification Test (PQT) shall
be conducted which shall be witnessed by approved inspection agency. On acceptance of
all tests as per ASME Section IX, a final WPS along with Procedure Qualification Record
(PQR) shall be submitted. Production welding shall start only after approval of final
WPS/PQR and qualification of welders as per ASME Section IX, approved inspection
agency may accept previously qualified WPS/PQR at his sole discretion.

Longitudinal and circumferential welded seams shall not interfere with nozzle openings,
reinforcement plates, saddle pads, and other attachments as far as possible.

MISCELLANEOUS

All parts fabricated shall be smooth, true, clean and free from burrs, grease and dents.
Openings for passage of workman must have exposed edges rounded.

All support rings, bolting bars, beams support brackets and other components which are
integral and therefore welded to the column shell inside, shall be supplied and installed by
column fabricator.

Seal welds shall have a throat thickness at least equal to the specified Corrosion
allowance.

All stainless steel tray assemblies/internals and their components (e.g. Bubble caps,
valves etc.) shall be pickled and Passivated. Pickling and Passivation shall be as per
ASTM 380.

All parts shall be fabricated in accordance with good shop practice and in uniformity so that
all corresponding parts will be inter-changeable.

For equipment coming under the purview of Static and Mobile Pressure Vessel rules, it
shall be LSTK Contractor responsibility to get complete approval from Chief Controller of
Explosives, PESO e.t.c, pertaining to design, drawings, material of construction,
fabrication, inspection and testing etc.

CONSTRUCTION & ERECTION

LSTK Contractor shall follow standard established procedures for handling storage,
construction & erection. LSTK Contractor shall strictly follow Manufacturer’s/Principal’s
instructions, approved drawings and procedures for construction & erection and satisfy
Principal in all respects of storage, handling, construction & erection of Package. All
erection work shall conform to the working/erection drawings (to be prepared by LSTK
Contractor) and shall be in conformity with codes & standards as applicable. The LSTK
Contractor shall supply & arrange all necessary construction & erection tools and tackles,
machinery, scaffolding etc.
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1.9.2

1.9.3

1.94

1.10

1.10.1

LSTK Contractor shall perform the following:

i) Before installing the equipment, the foundations shall be checked and wherever
necessary, chipping shall be done by the LSTK Contractor. All grouting materials,
packing plates/wedges required for the levelling and alignment of equipment,
structures & pipelines etc. shall be provided.

i) Top of the foundations shall be thoroughly cleaned to the satisfaction of Principal /
LSTK Contractor before placing base plates.

iii) All equipment & structure etc. shall be checked and inspected for its proper levelling
and granting (grouting) shall be done with suitable grouting material as required.

iv) After tightening the foundation bolts, the final level / alignment shall be rechecked and
redone, if required.

v) Installation of all supports and hangers, including concreting or welding as necessary.

vi) To check correctness of the piping, instruments and other connecting points in the
equipment and piping installed

vii)The welding joints shall be stress relieved wherever necessary as per applicable
codes, standards & specifications.

The following shall be arranged and supplied by LSTK Contractor for completion of job.
Any other item whatsoever required shall also be included by LSTK Contractor in their
scope.

i) All construction & erection materials, equipment & machinery, scaffolding,
consumable, and test equipment etc.

i) Cranes/Hydra, temporary lifting beams and spreaders etc.

iii) Procedures for site assembly, construction & erection including lifting methodology
for Owner/Third party approval.

As a minimum contractor shall comply the requirements indicated below:

i) Fabricate, erect and align the equipment & internals as per applicable codes,
standards & specifications. All internals shall be inspected before and after
installation.

i) Carry out all NDT’s required. The Personnel performing NDT’s should have a
minimum qualification as “NDT LEVEL-II” in the relevant Technique, certified by
American Society for Non-destructive Testing.

iii) Perform non-operating field pressure tests and leak tests on field fabricated
equipment in accordance with the applicable codes, standards and specifications
ensuring disposal of test media in accordance with
instruction/recommendations.

iv) Notify Owner / Third party of the test schedules for witness the tests by concerned
inspector.

MATERIAL OF CONSTRUCTION

The minimum requirement of the materials shall be as per the plant equipment metallurgy
covered under specific process design guidelines. However superior materials as per the
recommendation of Process Licensor’'s may be selected which shall be indicated in the Bid
by the LSTK Contractor.

All materials, whatsoever, required to complete the supplies shall be procured by LSTK
Contractor and all such materials shall be covered with due identifiable material test
certificate.

FORM NO: 02-0000-0021 F2 REV3 All rights reserved
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1.10.2 Materials used in low temperature service shall be impact tested (charpy V) if required as

per design code & specification. Impact test & energy value shall be in accordance with
code requirement, unless specified otherwise.

1.10.3 For coarse grained & high tensile materials in carbon steels ( UTS>45 Kg/mm2) & low
alloy steel, guaranteed impact strength shall be ensured at a temperature 15 °C below
envisaged hydraulic test temperature as a precaution against brittle fracture during
hydraulic test.

1.10.4 HEAT TREATMENT

Heat treatment of formed parts shall be carried out as per following:

For Carbon Steel:

a. Cold formed dished ends or knuckles upto 16 mm nominal thickness shall be stress
relieved.

b. Cold formed dished ends or knuckles above 16 mm nominal thickness shall be
normalised.

For Low alloy Steel: -

c. Cold Formed Dish ends or Knuckles shall be stress relieved.

d. Hot formed dished ends or similar parts, which have not been uniformly heated in the
normalising range in the final stages of manufacture shall be normalised.

e. When the completed vessel involves post weld heat treatment, heat treatment
recommended in (a) above shall not be applicable.

f. Vessels in caustic service, Amine or Sour gas service shall be stress relieved.

g. All internal and external attachments, clips, insulation studs, name plate bracket, and
the like shall be welded to the vessel before post weld heat treatment.

1.10.5 All CS & LAS materials including forging used for pressure parts shall be procured in fully
killed and normalized condition. CS & LAS materials above 50 mm thickness shall be
vacuum degassed except for plate ring flanges.

1.10.6 All SS plates shall be hot rolled & solution annealed and pickled as per SA 480.

1.10.7 All plates above 50 mm thickness shall be examined by UT as per ASTM-A435 at mills for
both at surface & edges.

1.10.8 The minimum thickness of weld overlay material (undiluted) shall be 1/8 inch (3 mm)
except clad or weld overlay tube sheets and gasket surfaces.

1.10.9 Tube sheets shall have a nominal clad or weld overlay thickness of 3/8 inch (10 mm) but
not less than5/16 inches (8 mm)(undiluted) regardless of shell side or tube side face. The
minimum thickness of clad or weld overlay at a pass partition groove shall be 1/8 inch (3
mm) minimum

1.10.10 Weld overlayed nozzle and girth flange gasket faces shall have a minimum thickness of
3/16 inch (4.8 mm) after machining.

1.10.11 All forgings except for flanges as per ANSI shall be UT tested as per ASTM A 388 for the
thickness greater than 50mm and shall be procured in normalized / annealed
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1.10.12

1.10.13

1.10.14

1.10.15

1.10.16

1.10.17

1.10.18

1.10.19

1.10.20

1.10.21

1.10.22

1.10.23

1.10.24

condition. Acceptance standards shall be as per 3.3.4 of ASME Section VIl Div. 2. In case
any defect is found, no repair by welding shall be allowed.

All forgings including nozzle flanges shall be examined for surface defects by MP/PT
testing after machining as per ASTM A 275.

Tube sheet and Girth flanges must be made in one piece. Segmental butt-weld
construction shall not be accepted.

Unless more restrictive prescription given by material specification the max. Content for
carbon steel used for fabrication as shown by ladle analysis shall be 0.23% for plates,
pipes & tubes 0.25% for forging.

When post weld heat treatment is required for pressure vessels, all material for pressure
holding components shall be simulation tested with minimum additional two (2) heat
treatment cycles. Additional two heat treatments are; one for PWHT after shop repairing
and the other for future PWHT at site.

Unless otherwise specified Copper & Copper alloys shall not be used. Copper content up
to 0.4% are acceptable in carbon steel & 0.6% in stainless steel.

Top portion of skirt (min. 500 mm height) welded to the bottom dished head shall be of
same material as that of shell /head for LAS & SS materials.

All directly welded external/internal attachments shall be of same materials as that of
equipment, unless specified otherwise.

Unless otherwise specified, all internal parts shall be removal type. Internal shall be
designed in units as large as can be installed through the nearest upper manhole or
opening. The weight of unit shall not generally exceed 40 Kg. except for support beams.

Trays, distributors, baffles and support beams shall be designed in such a way that
deformation of shell due to operating pressure and thermal expansion does not occur.

Bolts and nuts for fixing internals shall be 18/8 S.S and minimum size of bolts shall be
M10. All internal bolts shall be provided with locking nuts

External parts which are not strength welded to the shell, such as clips for insulation
support rings, may be of carbon steel, provided if SS 304 stainless steel pads are
furnished between shell & external parts.

PWHT of complete vessel shall be carried out in one go in a furnace. Local stress
relieving of weld joint in piece meal shall be avoided as far as possible.

Steel for Hydrogen service at elevated Temperature & pressure shall be selected as per
APl 941 & API 934 .The following special requirements shall be met with for
Hydrogen/Sour gas as per NACE standard.

a) All pressure parts shall be post weld heat treated.

b) Root run shall be liquid penetrant tested. However, Radiography (RT) shall be carried
out after completion of full welding of the joint for Pressure parts.

c) Hardness of base metals, weld and HAZ shall not exceed 22 HRC.
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1.10.25 For high pressure equipments, in shell & heads, the impurity limit shall be Copper < 0.20%
& Nickel < 0.30% for Mo & Cr- Mo low alloy steels while Copper shall be < 0.20% &
Vanadium < 0.15% for carbon steels.

1.10.26 Girth flanges must be made in one piece. Segmental butt-weld construction shall not be
accepted.

1.10.27 Unless otherwise stated gaskets used during testing shall be same as specified for
operating conditions. After testing, gaskets used during testing shall be replaced by new
gaskets.

1.10.28 For equipment designed as per IBR, materials shall strictly comply with the requirement of
the IBR code.

1.10.29  All directly welded external/internal attachments shall be of same materials as that
equipment, unless specified otherwise.

1.11 QUALITY ASSURANCE & CONTROL

1.11.1 The quality assurance shall be as per the approved procedures, test methods & facilities to
be developed by the LSTK Contractor to ensure that the supplied equipment shall be of
highest quality. The quality control shall mean that all the tests , measurements, checks &
calibration which are to be carried out may be compared with the actual specified
characteristics of the equipments/unit /system.

1.11.2 Quality Assurance (QA) shall mean the organizational set up, procedures as well as test
methods and facilities developed by LSTK Contractor in order to assure that Equipment
leaving LSTK Contractor's shop are of the highest possible quality i.e. either equal to or
better than the requirement specified.

1.11.3 Quality Control (QC), shall mean all the tests, measurement, checks and calibration which
are to be carried out in LSTK Contractor's shop in order to compare the actual
characteristics of the equipment/unit/system with the specified ones, along with furnishing
of the relevant documentation (certificates/records) containing the data or result of these
activities.

1.114 LSTK Contractor shall submit a comprehensive description (manual) of QA/QC measures
contemplated by him for implementation with regard to this specification. It is contractual
obligation of the LSTK Contractor to develop and implement adequate QA/QC systems.

1.11.5 QA/QC system shall cover all products and services required for the equipment as per
scope of work including job sub contracted by the LSTK Contractor.

2.0 EQUIPMENT DESIGN BASIS

21 GENERAL

2.1.1 Design conditions for all equipment shall be in accordance with the Process Licensor’s

data sheets/specifications. However, in any case design pressure shall not be lower than
10% over the maximum anticipated operating pressure and design temperature should be
25°C higher than the maximum anticipated operating temperature for all equipment unless
otherwise specified.
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2.1.3

2.1.5

2.1.9

2.1.10

2.1.11

2.1.12

2.1.13

Design pressure is normally specified at the top of vertical vessel or at the highest point of
horizontal vessel. The design pressure at any lower point shall be determined by adding
the maximum operating liquid head and any pressure gradient within the vessel.

Wind forces shall be increased by 20% to cater for the effect of piping system, platforms
and ladders etc. Vertical vessels with height/diameter ratio equal to or greater than 10 shall
be analyzed for vibration due to vortex shedding when critical wind speed does not exceed
30m/s. For guidelines of Dynamic Wind Analysis refer Annexure-l.

Forces and moments acting on nozzles shall be considered in the equipment design. Local
load analysis of all process nozzles for all equipment shall be carried out as per WRC —
107(for nozzles on dish head) & WRC-297 (for nozzles on cylindrical shell). FEA shall be
done for nozzles outside the purview of WRC standard. Forces and moments acting on
nozzles shall be considered in the design of equipment and resultant stresses shall not
exceed allowable stresses as per applicable codes /standards/specifications. Axial load (p)
applied on the nozzle shall be calculated in both negative & positive direction (+/-) and
maximum will govern. Nozzle loads applied on nozzles placed on head shall be evaluate
with WRC 107 whereas nozzle loads applied on nozzle placed on shell shall be evaluate
with WRC 297

All Carbon Steel (CS) and Low-Alloy Steel (LAS) pressure parts shall have 3 mm corrosion
allowance unless specified otherwise. All internal CS & LAS parts shall have at least 1.5
mm Corrosion Allowance on either side. No corrosion allowance shall be considered for
SS. In general, the recommendation of Process Licensor shall be adopted for construction.

Design of supports and anchor bolts considering soil and importance factors shall be
performed for compressive and tensile loading. In no case shall diameter of anchor bolts
be less than M24 for skirt support and M16 for other type of support.

Lifting lug, lifting trunion, tailing lug etc. shall be designed with shock factor 2.

Bolt of size M 48 and above shall be designed and spaced so as to permit tightening with a
hydraulic stud-tensioner. The bolts shall have an extra threaded length at one end of
approximately 1 bolt diameter, and shall be provided with threaded projection caps. Hex
nuts shall have suitable holes for manual tightening. The requisite no. of hydraulic stud-
tensioner device with necessary adopters/insertions based on varying sizes of studs shall
be supplied by LSTK Contractor as per mechanical design of the equipment.

When shell thickness is 50 mm and above or equipment is under Hydrogen/Lethal service,
self reinforced forged nozzle shall be provided.

In case of nozzle with butt-end construction, extra length shall be provided to facilitate
hydraulic testing and subsequently cutting and edge preparation to suit piping welding at
site.

Orientation of longitudinal seams and position of circumferential seams shall be clearly
marked in the fabrication drawing. Nozzles, support and other attachments shall be located
clear of welded joints.

LSTK Contractor shall mark tangent lines, the position of the main axis and the centre of
gravity for orientation in a clearly identifiable and permanent way on the vessel. Centre of
gravity shall be clearly marked.

MAWP (Maximum allowable working pressure) of each equipment shall be calculated by
bidder .Design pressure for each nozzle shall be sum of maximum allowable working
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2.2

2.2.1

222

2.2.3

224

pressure and static head of corresponding nozzles. The opening reinforcement shall be so
designed as not to limit the maximum allowable working pressure of the equipment. Nozzle
also to be checked in dearated condition as per UG-44 of ASME Sec VIl div-1.

INSPECTION AND TESTING

Equipment shall be inspected by TPIA (third-party inspection agency). The Inspection
and testing shall be in accordance with the relevant codes, standards, specifications,
including mandatory NDT requirements indicated under Inspection and Testing clause
2.2.3 & Inspection guidelines (Annexure-2). All equipment & bought -out items shall be
inspected during various stages of manufacturing starting from identification of materials
to final completion as per agreed QAP (Quality Assurance Plan) which shall be
prepared by LSTK Contractor and shall duly approved by Owner/ It's authorised
representative. In case of site fabricated/assembled equipment same inspection agency
shall be responsible for inspection and testing at site. The guidelines for minimum
inspection requirements are listed in Annexure-2 & also defined under Inspection &
Testing clause of the design philosophy.

All testing accessories, measuring instruments including NDT testing equipment, etc. shall
be arranged by LSTK Contractor.

The following NDT requirements are mandatory in addition to code /spec requirements:
a) UT examination:
i) All butt-welds in thickness greater than 50mm as supplement to radiography.
ii) FPW of nozzle attachments of thk. above 50mm as supplement to radiography
iii) Clad Plates and formed heads from clad plates in all thicknesses

b) MP/PT examination

i) All edges of plates and opening in shell of CS having thk. above 40mm

and LAS/SS having thk. More than 25mm

i) Root and final layer of all butt welds

iii) Fillet welds of 3.5% Ni & SS

iv) Each layer of weld deposit in SS overlay

v) Knuckle surfaces of dished ends, expansion bellows and pipe bends

c) Radiography:

i) All weld seams of formed head, if made in more than one segment shall be fully
Radiographed after forming.

i) All the welded T- Joints shall be fully radiographed.

iii) When spot radiography is specified all T-joints & min. 10% of total weld length
excluding T-joints shall be radiographed

d) Hardness test on welds of Cr-Mo, Materials after final heat treatment. The value
shall not exceed to:

i) 215 HB for steel having Cr content less than 2%
i) 240 HB for steel having Cr content more than 2%

All completed equipment shall be tested hydraulically as per the requirements of
Specification/codes in presence of the inspecting authority. Pneumatic test of completed
Equipment shall be carried out only when specially mentioned in the specification sheets.
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Chloride content in water used for testing shall not exceed 30 ppm for SS equipment and
40 ppm for CS and low alloy steel equipment. Duration of test shall be 1 hour minimum.
After hydro testing stainless steel vessels shall be dried thoroughly immediately after
draining to prevent the possibility of evaporation & concentration of chlorides.

225 Hydro testing of all static equipments shall done as per UG 99b of ASME section VIl div. 1
code. Min duration of Hydrotest shall be 60 min.

2.2.6 All process equipments shall be supplied with Nitrogen filled. In case of equipment
assembled and welded at site, it shall be filled with N, after testing at site. Dry Nitrogen
shall be filled at a pressure of 0.5 Kg/cm?g and equipment shall be fitted with a pressure
gauge and valve along with nitrogen cylinder.

227 Special tools/tackles as recommended by equipment manufacturer shall be included in the
scope of contractor. Hydraulic bolt tensioners where specifically recommended by Process
Licenser’s specification shall be supplied with 4 bolt tightening heads.

2.2.8 Equipment under preview of statutory bodies shall be inspected during various stages of
fabrication by their authorised inspecting agency. It is the responsibility of the LSTK
Contractor to get the design calculations and fabrication drgs. approved by concerned
statutory bodies before commencing fabrication.

2.2.9 All raw materials shall be inspected at source and test certificates to enable proper
identification shall be submitted.

2.210 Unless otherwise stated gasket during testing shall be same as specified for operating
conditions. After testing, gaskets used during testing shall be replaced by new gaskets.

2.3 PAINTING

2.3.1 All CS external surfaces of shop fabricated equipment shall be primer and final painted as
Listed elsewhere in NIT document.

24 PICKLING AND PASSIVATION
All SS material shall be Pickled & Passivated as per following procedures:

241 PICKLING
Aqueous pickling solution shall be as follows:

Nitric acid (Tech grade)-10 to 25% plus Hydrofluoric acid-1 to 8% (to be used only for
stabilized SS grades). Temperature 50 to 60° C for 10% Nitric acid and 20° C for 25% Nitric
acid. When size and shape of product permit, total immersion in the pickling solution is
preferred. Where immersion is impractical, pickling may be accomplished by wetting the
surface by

i) Swabbing or spraying

i) Partial filling the item with pickling solution and rotating or rocking so that the entire
surfaces receive the required chemical treatment.

The maximum period for which the pickling solution shall be allowed to remain on the
surface is 30 minute. During pickling removal of oxides may be hastened by brushing with a
hard fibre or SS wire brush. Over pickling shall be avoided.

FORM NO: 02-0000-0021 F2 REV3 All rights reserved




s
PDIL

CAPACITY HORTON SPHERE FOR STORAGE OF Doc. No. Rev

DESIGN PHILOSOPHY — STATIC EQUIPMENT PC281-NFLN/EA/PAA. 0
INSTALLATION OF NEW 2500 CUBIC METER

\
el Uh Ucd
AMMONIA AT NFL, NANGAL [ NFL|

Sheet 15 of 31

24.2

25

2.5.1

2.6

2.6.1

2.7

2.71

2.8

2.8.1

2.8.2

2.8.3

2.84

2.8.5

29

291

The pickling agent shall be washed off with plenty of water so as to leave no trace behind.
PASSIVATION

After pickling and water rinsing, an aqueous caustic permanganate solution containing
NaOH 10 weight % and KMnO, 4 weight % shall be used for neutralizing pickling solution.
This shall be followed by thorough water rinsing.

Water used for pickling and washing shall not have chloride contents exceeding 30 ppm.
FIRE PROOFING

Fire proofing, if required shall be considered as per Process Licensor’s recommendations.
INSULATION

The equipment shall be insulated as listed in NIT elsewhere.

OPERABILITY AND MAINTENANCE

Equipment design and layout shall provide for ease of access, operability and
maintenance.

DESPATCH

Equipment intended for ship transportation shall be transported in the hatch of the ship.
Suitable seaworthy packing/painting shall be applied to avoid any damage during
transportation.

The complete transport, packing & forwarding of equipment shall be the responsibility of
bidder. In case of inland transportation, equipment shall be properly lashed/fixed on the
wagon/trailer to avoid any damage due to shocks during transport. In case of ODC (Over
Dimensional Consignment) movement, ODC sanction for movement either by rail/road
shall be arranged by bidder from appropriate authorities.

All spares shall be properly packed, marked & sent separately along with equipment.
Equipment shall be despatched with nitrogen filling. Dry nitrogen shall be filled at a
pressure of 0.5 kg/cm2g and equipment shall be filled with a pressure gauge and a valve
along with nitrogen cylinder.

Internal surfaces of purged equipment shall be thoroughly dried and free of moisture. All
openings shall be sealed and capable of withstanding an internal purge pressure. Purged

equipment shall display the warning:

PURGED OF AIR NOT TO BE OPENED
WITHOUT THE CONSENT OF THE PURCHASER

GUARANTEES

MECHANICAL GUARANTEE
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2.9.2

3.0

3.1

3.2

3.2.1

3.2.2

3.2.3

3.3

3.3.1

3.3.2

3.4

3.4.1

LSTK Contractor shall guarantee the equipment & their components against faulty design
with regard to their mechanical adequacy, improper material of construction & poor
workmanship for the period specified in contract.

PERFORMANCE GUARANTEE

LSTK Contractor shall stand Guarantee of equipment as per respective technical
specifications/Process Data sheets.

TECHNICAL REQUIREMENTS

PART A - DESIGN PHILOSOPHY FOR PRESSURE VESSEL

GENERAL

SCOPE

This specification covers the minimum requirements for the design, materials, fabrication,
and inspection of welded pressure vessels which are defined in U-l of ASME Code Section
VIII, Division 1 Latest Edition and Addenda.

REGULATIONS, CODES AND STANDARDS

Unless otherwise specified, the design, materials, fabrication and  inspection of welded
pressure vessels shall comply with ASME Code Section VIII, Division 1 latest edition.

Process licensors guidelines/standards may be adopted complying minimum requirements

of this design philosophy of static equipment. Details of such selected guidelines/standards
along with the list shall be furnished in the bid.

Vessels will be sized according to inside diameter and 2:1 elliptical heads or hemispherical
heads. Minimum inside diameter shall be 500 mm. Top cover shall be flanged if the ID is
equal or less than 900 mm.

Vessels shall conform to the requirements of ASME Section VIII Division 1 & 2 Pressure
Vessels codes and Technical Specifications mentioned in the design criterion.

Design of vessel skirt shall be based on seismic/wind/thermal considerations and
fireproofing/insulation requirements.

ALLOWABLE STRESS

Vessel stresses during hydrostatic tests shall not exceed 90% of the minimum yield
strength of the material.

Vessels to be hydrostatically shop tested in the horizontal position shall be supported
adequately to keep local stresses in the shell not exceeding 90% of the yield strength of
the material.

CORROSION ALLOWANCE

For an intermediate head, corrosion allowances shall be added to both sides.
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3.4.2

3.4.3

3.44

3.5

3.5.2

3.6

3.7

3.8

3.9

3.10

3.11

For the inside of shells, heads, nozzles and manholes, the specified corrosion allowances
shall be added.

For non removable internal parts, the specified corrosion allowances shall be added to
both sides.

For removable internal parts, the specified corrosion allowances shall be added to one
side only.

HEAD / DISHED ENDS

a) Dished ends shall be of seamless construction. However, dished ends with one chordal
weld seam are acceptable. In such cases, the chordal seam shall preferably be in the
middle one third of the blank. Intermediate heat treatment, if considered necessary,
shall be carried out by the LSTK Contractor.

b) Whenever a dished end is made of more than two plates, it must have a crown plate.
Whenever a nozzle or a manhole is positioned at the centre of the dished end, the
crown plate should be larger than the nozzle /manhole reinforcing pad.

c) Tori spherical heads shall be used for Pressures up to 6.86 bar (g). For tori spherical
heads, ratio of Knuckle to Inside Crown Radius shall not be less than 6 %.

d) Beyond 6.86 bar g, heads shall be of ellipsoidal type having a ratio of major axis to
minor axis 2:1 or hemispherical type. Alternatively, Hemispherical Heads with minimum
weld joints may also be used.

Vessel skirts for carbon steel vessels shall be designed from the same material as the shell
or the head. Vessel skirts for other than carbon steel vessels shall be the same material as
the shell or the head for the top 500mm. All skirt supported equipment shall be provided
with templates.

Local vessel stress calculations for external structural attachments, such as platform clips,
pipe support clips and lifting lugs shall be performed.

Vessels with skirts having eight or more anchor bolts shall be required to be supplied with
an anchor bolt template. The template shall be of box type (no annulus type) to avoid
problem during final erection and installation. The template shall have adequate strength
against deformation.

Design of supports and anchor bolts considering soil & importance factors shall be
performed for compressive & tensile loading. In no case, diameter of anchor bolts shall be
less than M24 for skirt support & M16 for other type of support.

The lifting lug, lifting trunion, tailing lug etc. shall be designed with shock factor 2.

Maximum permissible deflection for tall vessels/columns when subjected to design wind
loadings shall not exceed 0.005 x Vessel height. For guidelines of Dynamic Wind Analysis
refer Annexure-I.

For vessels, the minimum thickness of shell & heads, including corrosion allowance shall
be as indicated below:
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S. No. Shell Diameter (mm) Thickness (Min.) mm
CS/LAS HAS
1 ID <500 5 3
2 501 <ID <1200 5 4
3 1201 < ID <2000 6 5
4 2001 < ID < 2600 8 6
5 ID > 2600 10 8
CS = Carbon Steel
LAS = Low-Alloy Steel
HAS = High-Alloy Steel
3.12 Use of structural steel shall be limited to non-pressure parts only.
3.13 Horizontal vessels of large size and thin wall shell on saddle supports shall be investigated

for buckling, local circumferential bending and shear stress. The method of L. P. Zick
(Supplement to Welding Research, 1971) may be used for this investigation.

3.14 Manhole/hand hole/blind holes covers shall be equipped with davits or hinges to facilitate
handling.

3.15 INTERNALS

3.15.1 All necessary approval on Hydraulic design and internal drawings shall also to be obtained

from Process Licenser as applicable.

3.15.2 All removable internals shall be designed so that they can pass through the vessel man-
way internal diameter / shell flange if any.

3.15.3 The LSTK Contractor shall meet the process and hydrodynamic guarantee of towers along
with their internals. All instruments including of special instruments required to verify the
above requirements shall be arranged by the LSTK Contractor.

3.15.4 For an intermediate head, corrosion allowances shall be added to both sides.
3.15.5 Demisters shall be securely fastened to support ring by bolting or clamping.
3.16 ACCESSORIES

3.16.1 Clips for platforms, ladders and piping supports shall be furnished and attached to the
vessel by the vessel manufacturer.

3.16.2 Top davits of vertical vessels shall be so designed and fabricated so that heavy valves

around the vessels and internal parts of vessels can be removed and grounded without
being interrupted by piping and steel structures.

3.16.3 INSULATION SUPPORT RINGS

i) Insulation support rings shall be suitable provided as per the specified insulation
thickness.
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3.16.4

3.16.5

3.16.6

3.7

3.18

3.18.1

3.18.2

3.18.3

3.19

3.19.1

3.19.2

3.19.3

ii) Maximum longitudinal interval of insulation support rings shall be 3600 mm when
preformed insulating material are used.

Lifting lugs of appropriate size shall be provided to ensure complete safety during erection
of the Vessel.
Grounding lugs shall be attached to the vessel support for the ground connection.

TEMPLATES

e  Templates for vertical vessels with skirts shall be provided for lying out of anchor bolts
at site. The template shall have adequate strength against deformation. Template
shall be identical to the Vessel Base Frame having double ring.

o It shall be confirmed that markings of the bolt hole orientation on the templates
coincides With those shown on the approved drawings.

PLATE LAYOUT
1) Shell plate shall be laid out so that there will be minimum of welded seams.

2) Longitudinal and circumferential welded seams shall not interfere with nozzle openings,
reinforcement plates, saddle pads, and other attachments as far as possible

3) Longitudinal welded seams on adjacent shell segments shall be separated by at least 4
times the wall thickness of the thicker plate but not less than 100 mm.

CONNECTIONS

Unless shown in data sheets, nozzles, manholes, and hand holes shall be ground flush
and smooth inside the vessel. The edges of internal projections for both nozzles and
manholes shall be rounded to a radius of 2 mm minimum. Reinforcement pads shall be
external.

Main vessel seams shall not pass through openings for connections as far as possible.
When unavoidable, the portion of the weld seam covered by a reinforcing pad shall be
ground flush with the parent metal and 100% radio graphed prior to attachment of the pad.
All reinforcing pads shall be provided with at least one telltale hole of NPT 1/8".

HEAT TREATMENT

Fabricated vessels shall be post weld heat treated in accordance with ASME Code Section
VIII, Division 1, and requirements specified in the data sheets.

The complete post weld heat treatment procedure including temperature and holding time
shall be submitted to the purchaser for review.

a. All machined surfaces shall be protected against scaling during post weld heat
treatment.

All internal and external attachments, clips, insulation studs, name plate bracket, and the
like shall be welded to the vessel before post weld heat treatment.
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3.19.4

3.19.5

3.20

3.21

3.22

3.221

3.22.2

3.22.3

3.22.4

3.22.5

3.23

3.23.1

No welding, hammering or deforming is permitted on the pressure retaining parts after post
weld heat treatment except as permitted by the codes or standards and when approved by
the purchaser.

Simulation Heat Treatment for the Alloy Steel Material shall be carried out as per the
CODE Requirement.

PICKLING
When specified, all internal / external surfaces of stainless steel shall be cleaned by
pickling before hydrostatic test.

e Care shall be taken so that stainless steel surfaces shall not be subject to any scratch
or damage during pickling.

e Weld scale and other foreign material deposited on the surfaces shall be removed
e Pickled surfaces shall be completely neutralized, and washed by freshwater
FABRICATION TOLERANCE

Dimensional tolerances shall be in accordance with the design codes or standards,
whichever is more stringent.

PREPARATION FOR SHIPMENT

All vessels shall be drained, clean, and free of grease, oil, scale, weld spatter, and any
other foreign substance.

All flange faces and other exposed machined surfaces shall be properly protected with
substantial metal shields or covering against damage during shipment.

All inside surfaces and internal parts of carbon steel shall be coated with suitable rust
preventive before shipment.

Test holes of reinforcing pads for nozzles, manholes and saddle pads shall be plugged
with steel or plastic plugs.

All threaded connections shall be plugged with threaded round bars or covered with
standard pipe caps of the same material as the equipment. Covers, flanges, gaskets, bolts,
and nuts furnished by the fabricator shall be shipped in place.

a. Internals shall be tied or braced as necessary to avoid damage or dislodgment during
Shipping and installation.

b. Baselines indicating four directions with figures of 0°, 90°, 180" and 270° shall be
marked by paint on the shell. The paint colour shall be white for carbon steel and black
for stainless Steel.

PART B - DESIGN PHILOSOPHY FOR HEAT EXCHANGERS

SHELL AND TUBE HEAT EXCHANGERS

GENERAL
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3.23.2

3.23.3

3.23.4

3.23.5

3.23.6

3.23.7

3.23.8

3.23.9

a) SCOPE

This specification covers the minimum requirements for the design, materials,
fabrication and Inspection of shell and tube type heat exchangers.

b) The Design Philosophy for the Shell & Tube Heat Exchangers shall be read in
conjunction with the Design Philosophy for Pressure Vessels, as per Part — A above.

All tubular heat exchangers shall be of the type specified and shall be designed for the
service and performance conditions given in the specification or data sheets.

Mean metal temperature of tube & shell be considered in the design of fixed tube sheet
exchangers.

Parts such as tubes, tube sheets, floating heads etc. which simultaneously come in contact
with both shell side and tube side fluids, shall be designed considering pressure acting on
one side only or the combination of pressures, whichever results in higher thickness of
parts.

Attachment of tube to tube sheet will be rolled and expanded (with seal welding), strength
welded or seal welded as specified on data sheets. However, as a minimum following shall
be adopted:

For tube sheet joint, tubes shall be expanded in grooved holes into the tube sheets. The
expanding operation shall extend from the outer face of the tube sheets to a depth not <
90% of the tube sheet thickness. Welding shall be done in minimum two passes and each
pass shall be DP checked. For tube-to-tube sheet joint GTAW (Gas-Tungsten Arc
Welding) welding is required.

(A)Tubes shall be expanded and light seal welded if all the following conditions occur
simultaneously:

Design pressure of shell/tube < 20 kg/cm2

Shell / Channel design temperature < 350 °C

Fluid not containing lethal substances.

Hydrogen partial pressure <7 bars

(B)Tubes shall be strength welded & light expanded for any condition other than listed
under (A).

Procedure shall be qualified for tube-to-tube sheet joints. Mock-up test shall be carried
Out for heat exchangers having shell/tube side design pressure 100 Kg/Cm2 & above to
establish all the requirements.

The sample for tube sheet and tube for mock up test shall be drawn from the same heat
Material from which the equipment shall be fabricated.

Process Shell and Tube Exchangers will comply with the requirements of ASME SEC VIlI
Div | & TEMA Class ‘R’. TEMA Class ‘C’ may be used for auxiliary heat exchangers for
rotating and packaged equipment exchangers.

ASME Section VIII, Div. 1, Appendix “S” shall be considered mandatory for bolted flange
connections.
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3.23.10  All tube sheet for the exchangers shall be designed as per ASME Sec VIII Div 1 & also
comply the requirement of section UHX of ASME Code.
3.23.11 Tube sheets in vertical exchangers shall be provided with drain and vent arrangement with
threaded plug seal welded.
3.23.12 Exchanger saddle and foundation design shall include additional loadings generated from
bundle pulling. The load shall be 1.5 times the bundle weight.
3.23.13 Lifting lugs for heads or bonnets shall be specified where frequent dismantling is required.
3.23.14 Bundle weights shall be limited to 10 tonnes. In case the bundle weight increases beyond 10
tonnes, bidder shall take care necessary precaution in the design and fabrication of
exchanger e.g. by providing rollers arrangement, support plates etc. to avoid excessive
loading on shell while pulling of tube bundle, proper reinforcement in equipment support etc.
3.23.15 Saddle wear plate material shall be the same as the shell material.
3.23.16  Tube sheets and Girth Flanges shall be shall be of Forged Quality & Ultrasonically tested.
It shall not have any segmental joint.
3.23.17  All heat exchanger tubes shall be seamless, cold drawn and formed from single length. CS
tubes shall be normalized. LAS tubes shall be normalized and tempered.
3.23.18  The minimum radius of U tubes shall be not less than 2xOD of tube. Thickness of 2 inner
most rows will be higher than other rows with minimum difference of 2 gauges.
3.23.19 For U tube bundle, the following requirements shall also be met:
i) Each U tube shall be formed from a single straight length.
i) All U tubes shall be cold bent.
i) All C.S, C-Mo, Cr-Mo tubes shall be heat treated after bending.
iv) Bent portion of all U tubes shall be examined by PT and hardness check on four
opposite points of bent portion shall be carried out.
v) Unless otherwise specified, after bending each tube shall be tested hydraulically.
3.23.20  Where fixed tube sheet heat exchangers are specified, thermal stress shall be checked in
accordance with the TEMA standard to determine if an expansion joint is necessary.
3.23.21 Tube to tube sheets joints shall be leak tested with air & soap solution at pressure of 2.0
kg/cm2 g wherever specified leak testing with halogen shall be carried out.
3.23.22 Impingement plates shall be provided if required by TEMA or indicated as a part of
Licensor’s requirement.
3.23.23 For stack type Heat Exchangers, complete assembly shall be hydraulically tested as a
single unit except when the test pressures for individual heat exchangers are different.
3.23.24 Stacked exchangers shall have the lower shell(s) designed to withstand the superimposed
load of the upper exchanger(s) full of water without distorting the shell and causing binding
of tube bundle(s).
3.23.25 The lower fixed support of stacked exchangers shall be designed for bundle pulling loads
for removal of the upper bundle.
3.23.26 When two or more exchangers are stacked, the entire stack shall be shop-assembled and

checked for accuracy of saddle and nozzle fit-up.
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3.23.27

3.23.28

3.23.29

3.23.30

3.23.31

3.23.32

3.23.33

3.23.34

3.24

3.241

3.24.2

3.24.3

3.24.4

3.25

3.25.1

3.25.2

3.25.3

Horizontal exchangers with removable tube bundles shall have the supports designed to
withstand a horizontal pulling load equal to 150% of the bundle weight, applied at the
centreline of the exchanger. The lower supports of stacked exchangers shall be designed
for the loads of removing the upper bundle.

Removable tube bundle shall be provided with pulling York and suitable sliding
arrangement.

Flow induced vibration analysis shall be carried out for all process heat exchangers.

Process Heat exchangers tubes shall be Eddy current tested at mill and the specified
thickness of tube shall be minimum (and not average).

Dowels or match marks shall be provided to prevent misassemble of floating head covers
and channels with pass partitions, channel covers with grooves, and stationary tube sheets
to shell flange.

In horizontal exchanger cross baffles and support plates shall be provided with notches for
draining and venting.

Copper & Copper Alloy tubes shall not be used for any Exchangers
Corrosion allowance shall be added to the inside diameter of flanges. Gasket surfaces of
flange shall have no corrosion allowance

EXPANSION JOINTS

Where fixed tube sheet heat exchangers are specified, thermal stress shall be checked in
accordance with the TEMA standard to determine if an expansion joint is necessary.

Expansion joints shall be designed for the most severe conditions of differential expansion
that can occur during normal operations, start up, shutdown, or upset conditions.

Expansion joints shall be of the single layer standard one-piece construction unless
otherwise approved by purchaser. Length of the bellow and preset shall be specified on
the manufacturer's drawings.

Expansion bellows shall be designed for min. 5000 cycle, as per TEMA.

GIRTH FLANGES

All girth flanges joining two parts with different design conditions shall be designed for the
severe condition.

All girth flanges for carbon and low-alloy steel exchangers shall be integrally forged
welding necks, unless otherwise specified in the data sheets. i.e. Girth Flanges shall be
WNRF/ WNRTJ type only.

All flanges designed with bolts greater than M 48 & above shall have sufficient clearance to
permit the use of hydraulic bolt tensioning instrument. Bidder has to supply such hydraulic
bolt tensioning instrument along with the supply of exchangers & its spares.
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3.254 The Contractor shall guarantee tightness compatibility of closure designs. The differential
thermal growth of gasketed joints of dissimilar materials (including gaskets) shall be
considered.

3.25.5 All girth flanges shall be provided with jack screws to facilitate dismounting.

3.26 PASS PARTITIONS

3.26.1 All pass partitions shall have a gasket contact surface of 9 mm width minimum, and shall
be machined to a common plane at the gasket face.

3.26.2 The depth of pass partition grooves in tube sheets and flat cover plates shall be a minimum
of 5 mm. For alloy cladding or facing, there shall be at least 3 mm of alloy after machining
beneath the pass partition groove or gasket face.

3.26.3 When space permits, pass partitions shall be continuously welded from both sides. In
cases where space is too small for both side welding, weld shall be continuous on one side
in so far as possible.

3.26.4 Pass partitions shall be provided with a weep hole of about 6 to 12 mm in diameter at low
points of pass partitions.

3.27 TEST RINGS
Floating head type heat exchangers as well as U-tube type without full diameter stationary
tube sheets shall be provided with test rings and test gland so that the exchanger shells
may be pressure tested with the channels removed. Drawing and calculations for test
rings and test gland shall be provided by vendor for all exchangers of applicable type.

3.28 HYDRO TESTING

3.28.1 Each heat exchanger shall be hydro tested in accordance with applicable codes and
standards.

3.28.2 The shell side test shall be performed in such a manner that the Tube—to- tube sheet joints
can be adequately inspected during testing.

3.28.3 Stacked units shall be hydraulically tested in the fully assembled condition.

3.28.4 Air leak test shall be performed for tube to tube sheet joint for all exchangers. However
Helium leak test shall be performed for critical heat exchangers/ wherever specified by
Process licensor

3.28.5 After testing, all exchangers shall be completely dried.

3.28.6 Service bolts shall be used in all shop hydrostatic tests.

3.28.7 Unless otherwise stated gaskets used during testing shall be same as specified for
operating conditions. After testing, gaskets used during testing shall be replaced by new
gaskets.

3.29 STORAGE TANKS

3.29.1 The following design codes shall be adopted for tank design as applicable:

a) API 620:- Design and Construction of Large Welded Low Pressure Storage Tanks.
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3.29.2

3.29.3

3.29.4

3.29.5

3.29.6 .

3.29.7 .

3.29.8

3.29.9

3.30

3.30.1

3.30.2

3.30.3

3.31

3.31.1

3.31.2

b) API 650:- Welded Steel Storage Tanks for Oil Storage.
c) API-625 Tank Systems for Refrigerated Liquefied Gas Storage.
d) API-653Tank Inspection, Repair, Alteration, and Reconstruction

For Storage tanks the minimum thickness shall be based on stability considerations.
Minimum thickness for roof & shell shall be 5 mm, and bottom plate 6 mm, excluding
corrosion allowance.

Storage tanks up to 4meter in diameter shall be shop fabricated items. Tanks with
diameters greater than 4 meter shall be field erected.

Shell seams shall be located to clear openings to the maximum extent possible in
accordance with API 650.

Bottom plates may be lap-welded with the lap toward the direction of drainage. Butt-welded
bottom plates shall be furnished when specified on the tank drawings or data sheets or
when tanks are specified to have rubber lining.

For each surface in contact with product/vapour, the specified corrosion allowance shall be
added to the required thickness of all load-carrying components including shell, roof,
bottom and roof supports. & One-half the specified corrosion allowance shall be added to
each surface of no-load-carrying internal components.

All walkways, stairways, and platforms shall be furnished with handrails on open or
exposed sides.

Anchor bolts shall be provided based on design considering wind/seismic loads, uplift due
to internal pressure etc. However, tanks having diameter <10 meter shall be provided with
anchor Bolts and shall be spaced at approximately 1.8M of circumference.

All storage tanks shall be designed as per code considering liquid height up to top curb
angle of shell.

FILTERS

The filter vessels shall be designed, fabricated, inspected and tested as per ASME Section
VIII Div.1.

Filter shall be equipped with all necessary instruments, i.e. pressure gauge, pressure
safety valve, temperature gauge and differential pressure gauge/transmitter etc. if
specified in P&ID/Data sheet.

Filter elements shall be of reputed/approved make with guaranteed performance
requirement specified in the data sheet.

HORTON SPHERE
This specification covers the minimum requirements for the design, materials, fabrication
and inspection of Horton sphere. This specification shall be read in conjunction with the

design philosophy for pressure vessel as per part-A above.

The sphere shall be designed, fabricated, erected, inspected and tested in accordance
with the ASME Sec VIII Div.1, IS :2825.
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3.31.3

3.314

3.31.5

3.31.6

3.31.7

3.31.8

3.31.9

3.31.10

3.31.11

3.31.12

3.31.13

3.31.14

3.31.15

The sphere shall be designed to sustain stresses due to internal pressure and static head
imposed corresponding to maximum permitted level of stored fluid plus the pressure equal
to the vapour pressure of ammonia at the maximum design temperature together with any
additional pressure which may result from the presence of inert gases and external loads
etc.

Plate used for fabricating the sphere shall be impacted tested. Impact test shall also be
carried out for weld metal and heat effected zone.

Top and bottom caps to be stress relived after nozzles are welded and equator plates shall
be stress relived after column stubs are welded.

After all the plates have been formed they shall be trail assembled in shop. After ftrail,
sphere to be dissembled and with all plates and other components match marked shall be
dispatched to site.

To minimise the risk of stress corrosion cracking the welding consumables should
overmatch the tensile properties of the plates by the smallest practicable amount.
Furthermore, the tensile strength of the plates should not be ‘allowed to exceed the
maximum value laid down in the plate specifications. The individual plates for use in the
sphere construction should be identified during the manufacture and testing and marked
accordingly.

Sphere supports should be designed to withstand the weight of the vessel when filled with
water. Particular care should be taken to ensure that water is not trapped in the supports
during construction. The height above ground chosen for the sphere will depend partly on
the ease of access required to the bottom fittings.

General openings should be in the form of flanged nozzles on reinforcing pads. The welds
of adjacent openings should not be closer than 50 mm. Screwed connections should not
be used.

All nozzles should be grouped together in the top and bottom crown plates.

Access openings should be in the top crown plate of the sphere. It is recommended that
the covers for access openings be hinged or fitted with davit. The minimum inside diameter
of any access/manhole opening should be 600 mm.

Spheres should be earthed at the supporting legs at two places as nearly diametrically
opposite as possible.

All temporary attachments should be carefully removed after use, i.e. not knocked - off and
scars made good and ground smooth. Such scars should be tested by magnetic particle
crack detection methods after grinding. This work should be done before stress relieving.

A central platform should be provided on the top of the sphere, big enough to give
convenient access to all the top mountings. This platform should be carried on brackets
which are welded to the crown plate before it is stress-relieved; attachments should have
full penetration welds.

A stairway should be provided to give access to the top of the sphere and it is preferable
that this is independent of the sphere. The stairway and platform support cleats are welded
on to top crown plate and stub ends of leg support at shop and are duly stress relieved.
Stairway and platform are bolted to these cleats at site.
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3.31.16 100% magnetic particle crack detention examination should be carried out on all internal
welds and at the location of removed toggle cleats, temporary attachments and scars
before commissioning. This will provide base data for subsequent examinations. Full visual
and magnetic particle crack detection examination along at least 10% of each butt weld
should be made on the external surface of the sphere.

3.31.17 The insulation may require metal support rings, which should be so designed that they can
be fixed to the shell at the crown plates and at plates carrying the leg supports only. Any
cleats required to locate and secure the rings should be welded to the appropriate plate in
accordance with the requirements of applicable design code. This should be done by the
manufacturer before the plates are thermally stress relieved. The insulating contractor
should not be allowed to weld fittings to shell plates either before or after fabrication in any
circumstances.

3.31.18  When a sphere is supported on legs, the legs should be insulated for a minimum distance
of 900 mm to reduce heat gain in those areas.

3.31.19 FEA analysis of Horton sphere shall be done in addition of mechanical design calculation
considering various loading condition.

4.0 SPARE PARTS(Erection & commissioning, Mandatory spares):

4.1 Erection & commissioning Spares :

All Erection & commissioning spares shall be included by LSTK Contractor in their scope
of supply and shall be part of the main equipment.

4.2 Mandatory spares:

Mandatory spares shall be supplied by the contractor as per Section-11 of NIT

5.0 DOCUMENTATION SCHEDULE

5.1 Documents shall be submitted as per “Documentation schedule” in Section-10 of ITB.

6.0 VENDORS LIST

All equipment shall be procured/ fabricated as per approved vendor list (Section -14). Any
equipment for which vendor list is not enclosed, the LSTK Contractor may furnish a list of
their proposed vendors along with their references for supply of similar type of equipment
along with bid. However all the additional proposed vendors shall have well proven track
record and shall be subjected to consultant/owner’s approval.
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ANNEXURE-1
CALCULATION METHOD
DYNAMIC WIND ANALYSIS (GUIDELINES)
FOR VERTICAL EQUIPMENT

Check of the towers for dynamic wind moments due to vortex shedding shall be performed based on

following assumptions :

Ver =f* D/St

Ver = Critical wind velocity

D = Outside diameter of tower

F = First natural frequency of tower considering foundation complete rigid (s-1)
St = Strouhol number, may be taken as 0.15 for Re > 108 and 0.2 for Re < 10°
Re = Reynolds number at critical wind velocity

For Vcr <30 m/s following shall be considered:

The tower shall be checked for additional moments due to vortex shedding in 2 cases.
1. Operating condition

2. Shut down condition

Dynamic wind moment shall be calculated as follows:

Md=Pd*Ck*S*Pild*H

Pd = Wind pressure at critical velocity = 0.5 * den* (Vcr)?

Ck = Crosswind oscillatory force coefficient may be taken as 0.5 + (4 - Log10 Re)/5.7 for
Re < 10°and 0.17 for Re > 10°

d = The logarithmic decrement of damping. For towers with trays or packing it is estimated
0.035

S = Surface on which dynamic wind forces are acting (height * diameter)

H = Height from base ring of point of application for dynamic wind force

Pi = 3.14

Den = Density

For tapered construction only the tip diameter shall be considered in calculation.

Moments to be considered for dynamic wind:

Mres = /(Md?* + Mst?

Mst = Static wind moment at critical wind velocity

Only if Mres exceeds moments due to static wind or earthquake moments, it shall be
considered for equipment design.
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1.0

1.1

1.2

ANNEXURE-2

INSPECTION GUIDELINES

GENERAL

The min. Inspection to be carried out by Authorized approved Inspection agency:

VESSELS/HORTON SPHERE

a) All carbon steel plates shall be identified against mill-test certificates at the VENDOR'S
works before commencement of fabrication.

b) Establish that welding procedure and welders are qualified and welding electrodes are
approved before commencement of fabrication.

c) Check fit-up and witness chipping-back of welded seams.

d) Wherever applicable, select spots for radiography, D.P and M.P Tests.

e) Witness any crack detection, hardness checks, ultrasonic tests etc. which may be
specified. (1)

f) Review radiographs and in case it is unsatisfactory re-radiograph. (1)

g) Witness hydrostatic test.

h) Dimensionally check and carry out final internal and external inspection for quality of
workmanship.

i) Check that all material test certificates and, where applicable, heat treatment charts are
in order. Ensure that VENDOR is familiar with the requirements regarding data books
and ensure that the documentation is submitted without any delay.

j) Check internal lining of reactors and vessels (if applicable) to specifications.

k) Witness any further test recommended by Process Licenser/Inspection agency and/or
OWNER.

Note (1): X or Gamma rays

VESSEL INTERNALS

Leak testing & final inspection only is required.
Check one tray of each diameter and type, mock assembled in the shop.

Spot check for interchangeability of parts, where applicable.

a0 T o

Ensure that any uncommon down comers are fully assembled and offered along with
their respective trays
e. Where new designs and/or new VENDOR’s are concerned, check that any

applicable leakage tests have been carried out on prototype.
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f. Check that materials including welding electrodes are in accordance with the

requirements of the order and all applicable specifications and standards.

1.3 STORAGE TANKS

a)Shell plates to be dimensionally checked (including diagonals for square-ness)
before rolling to curvature.

b) All shell plates to be inspected and dimensionally checked after rolling to curvature.

c) Check material test certificates and ensure that all shell plates are clearly stamped
with the cast and plate number, so that they can be identified against the relevant
test certificates.

d) Check material test certificates for roof and bottom plates.

e) Select the spot radiographs, D.P M.P & Vacuum box test of bottom plate as per
codes.

f) Review the radiographs. (1)

g) On completion of inspection of shell plates ensure that VENDOR provides a chart
giving all plate numbers, tier by tier.

h) Inspect fabrication of all fabricated fittings. This is to include checking of material test
certificates also.

i) Inspect tank gauging equipment.

j) For shop fabricated tanks, witness hydrostatic tests to applicable standards.

k) Check welding material electrodes.

Note (1): X or Gamma rays

1.4 SHELL AND TUBE EXCHANGERS

a) All carbon steel plates shall be identified against mill test certificates at the
VENDOR'S works before commencement of fabrication.

b) Establish that welding procedure and welders are qualified before commencement of
fabrication.

¢) Check fit-up and witness chipping-back of welded seams.

d) Wherever applicable, select spots for radiography.

e) Witness any crack detection, hardness checks, ultrasonic tests etc. which are
specified in drawing, specification, data sheet etc.

f) Review radiographs. (1)

g) Witness all hydrostatic tests on shell and tube sides.

FORM NO: 02-0000-0021 F2 REV3 All rights reserved




<) DESIGN PHILOSOPHY - STATIC EQUIPMENT
|mm§\ INSTALLATION OF NEW 2500 CUBIC METER
PDIL CAPACITY HORTON SPHERE FOR STORAGE OF
AMMONIA AT NFL, NANGAL

PC281-NFL-N/E-1/P-I/4.0

Doc. No.

Sheet 31 of 31

s
Rev I!FIEH
[ NF L |

h) Complete dimensional check for stacked units. This is to be carried out in the full

assembly stage.

i) Check that all material test certificates and where applicable, heat treatment charts

are in order. Ensure that VENDOR is familiar with the requirements regarding

data books  and see that the documentation is submitted without any delay.

j) Witness any further test recommended by Process Licensor/ Inspection agency

and/or OWNER.

Note (1): x or Gamma rays
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1.0 SCOPE

The scope of this document is pertaining to the design philosophy, norms and specific
requirements which shall be adhered to by LSTK contractor or his associates and
representatives during the course of the project in designing, procurement & construction of
piping material.

1.1 Applicable Standard & Codes

Standard No. Title

ASME/ANSI B16.5 Pipe Flanges and Flanged Fittings

ASME/ANSI B16.9 Factory-Made Wrought Butt-Welding Fittings

ASME/ANSI B16.10 Face to Face and End to End Dimensions of Valves

ASME/ANSI B16.11 Forged Fittings, Socket- Welding and Threaded

ASME/ANSI B16.20 Metallic Gaskets for Pipe Flanges — Ring Joint, Spiral Wound
and Jacketed

ASME/ANSI B16.21 Non-Metallic Flat Gaskets for Pipe Flanges

ASME/ANSI B16.25 Butt-Welding Ends

ASME/ANSI B16.34 Valves — Flanged, Threaded and Welding End

ASME/ANSI B16.47 Large Diameter Steel Flanges

ASME/ANSI B31.1 Power Piping

ASME/ANSI B31.3 Process Piping

ASME/ANSI B 31.3 Process piping-Dust Extraction piping

ASME/ANSI B31.5 Refrigeration Piping

ASME/ANSI B31.11 Slurry Transportation Piping Systems

ASME/ANSI B36.10M Welded and Seamless Wrought Steel Pipe

ASME/ANSI B36.19M Stainless Steel Pipe

API 5L Specification for Line Pipe

API 6D Specification for Pipe Line Valves (Gate, Plug, Ball and Check
Valves)

API 6FA Fire Test for Valves

API 501 Specifications for Metallic Gaskets for Refinery Piping

API 594 Check Valves:, Wafer-Lug and double flanged type

API 598 Valve Inspections and Testing

API 599 Steel Plug Valves Flanged and Butt-weld ends

API1 600 Steel Gate Valves Flanged and Butt-welding ends, Bolted
Bonnets

API1 602 Gate, Globe, and Check Valves for Sizes DN 100 (NPS 4)

And Smaller for the Petroleum and Natural Gas Industries
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API1 603 Class 150 — Corrosion Resistant Flanged End gate valves.

API 604 Ductile Iron Gate valves — Flanged ends

API 606 Compact C.S. Gate Valve extended body

API 607 Fire Test for soft seated Ball Valve.

API-608 Metal Ball Valves, Flanged, Threaded & BW Ends.

API 609 Butterfly Valves, Lug type & Wafer type

API 610 Centrifugal pumps and centrifugal pumping systems

API 623 Steel Globe Valves—Flanged and Butt-welding Ends, Bolted
Bonnets

API 941 Steels for Hydrogen Service at Elevated Temperatures and
Pressures

IBR Indian Boiler Regulations

AWWA C207-D Large Dia. Steel Flanges (Ring Type).

EJMA Expansion Joints Manufacture Association

MSS SP 6 Standard Finishes for Contact Faces of Pipe Flanges and
Connecting End Flanges of Valves and Fittings

MSS SP 25 Standard Marking System for Valves, Fittings, Flanges & Unions

MSS SP 43 Wrought Stainless Steel Butt-weld Fitting

MSS SP 45 By-pass and Drain Connection

NACE MR0175-94 Sulphide Stress Cracking resistant Metallic Material

NFPA National Fire Protection Association

EN 10204 Metallic Products - Types of Inspection documents

DESIGN PHILOSOPHY

Piping systems shall be in accordance with Clause 1.1, which permits the use of the following
specifications:

ASME B31.1 Power Piping
ASME B31.3 Process Piping
ASME B31.5 Refrigeration Piping

Materials, design, construction, testing and inspection shall be fully in accordance with the
selected specification.

The dimensions, manufacturing tolerances and marking of ferrous and non ferrous piping
components shall conform to the applicable standards .The design shall comply with all
applicable codes, laws and statutory regulations. The Contractor shall optimize the layout with
the approval of the owner and include any changes resulting from HAZOP studies and taking
into consideration the following:

- General site layout taking into account the topographical geo-technical aspect of the site
- Access for maintenance and fire appliances

- The interdependency of units and buildings with each other within the complex
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- Safety escape routes for personnel based on emergency or disaster management plans in the
event of environmental upset or fire
- Suitable drainage system of Project site

2.3 Material of construction shall be suitable for specified process duty (both normal and abnormal
operations) and have a projected life and corrosion/ erosion allowance in excess of
minimum life of the project. Piping materials specified in piping materials specification shall
be used for selection of material of construction of major services.

All materials under steam service shall be supplied with proper certificates in prescribed forms.
24 Design Pressure

The design pressure of each component in a piping system shall be the most severe condition of
the followings:

i) Design pressure of equipment to which it is connected
i) Set pressure of a pressure relieving device which protects the system

iii) Shutoff discharge pressure of a centrifugal pump, not protected by a pressure relieving
device.

If the shutoff discharge pressure is unknown, it may be determined by the largest of the
followings:

a) 1.2 times the differential pressure at normal flow plus the maximum pump suction pressure
b) 1.1 times pump discharge pressure at normal flow

c) Full vacuum for a system operating below atmospheric pressure

2.5 Design Temperature

The design temperature of a piping system shall be the design temperature of connected
equipment, unless the equipment is obviously overrated. For un-insulated piping, the design
temperature may be determined in accordance with the ASME B31.3.

The reducing coefficient for piping components not specified in the ASME B31.3 shall be 95% for
the fluid temperatures over 37°C.

The design temperature for a steam traced or steam-jacketed piping shall be the higher of the
followings:

- Fluid temperature
- Normal operating temperature of steam
3.0 CODES, STANDARDS AND SUPPLEMENTARY SPECIFICATIONS

3.1. The latest edition of codes listed in clause 1.1 shall be applicable for piping system design,
materials, fabrication, manufacture, erection, construction and inspection etc. For any item not
covered in the list of codes and standards / International Standards / proven design may be
finalized based on discussion with OWNER/Consultant.

3.2 Where conflict occurs, the order of precedence shall be:
a) Statutory Regulations
b) National, International and Industry Standards and Codes of Practice.
c¢) Technical Specifications

3.3 Standards, codes and supplementary specifications for piping design shall be applied as follows:
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4.0
41
4.2
4.3

4.4
4.5
4.6

4.7

4.8

4.9

4.10

4.1

i) Process and utility piping to ASME B31.3 Process Piping
ii) Power Plant piping to ASME B 31.1
iii) Requirements of Anhydrous Ammonia Code

iv) Sour service piping to NACE (National Association of Corrosion Engineers) specification
MRO175.

v) Plant layout and fire protection piping to Dangerous Goods Regulations and “Storage and
Handling of Flammable and Combustible Liquids”, supplemented where required by NFPA
(National Fire Protection Association) Code 30.

vi) Fire protection system shall be designed and installed in accordance with applicable NFPA
(National Fire Protection Association) Codes.

vii) Piping fabrication tolerances to ASME B31.3 and PFl (Pipe Fabrication Institute)
practice ES-3.

viii) Colour coding for identification of piping material to PFI Practice ES-22/ as per owner's
approval.

ix) Pipe wall thicknesses shall be in accordance with ANSI B36.10 or B36.19.

GENERAL DESIGN

Valve shall be provided at battery limit for respective piping system.

Flanges for process and utility piping shall be in accordance with ANSI B16.5 and ANSI B16.47.

Wherever possible all purchased equipment shall be supplied with flanges that comply with ANSI
B16.5.

The minimum size of piping to be used in pipe-racks shall be 2” NB.
With the exception of equipment connections the minimum size of piping shall be 72" NPS.

Pipe sizes 1 4”, 2 /4", 3 ¥42” and 5” NPS shall not be used except as connections to purchased
equipment.

Threaded pipe nipples between headers and vent, drain and instrument isolation valves shall be
Schedule 160 for CS and Schedule 80S for SS in the size range V2" to 2" NPS.

Piping 2” NPS and above shall be butt-welded. All weld joints in piping 12" NPS and below shall
be socket welded using socket weld fittings.

In Class 900 and higher pressure rating double block valves shall be used for systems open to
atmosphere, such as vents and drains. Piping in hazardous service shall have vents, drains and
bleeds routed to a safe location. Category ‘M’ substances shall be vented to the flare system.

When a line of one material specification is connected to a line of higher material specification,
the connecting line shall be constructed of the higher material specification or pressure rating up
to & including the first block valve.

As a minimum, piping systems shall have isolation facilities as follows:

ASME B31.3 Category ‘M’ service and Normal service (Class 900 and above) shall have double
block isolation valves with a downstream drop-out spool.

ASME B31.3 Normal service (Class 150 to 600) shall have a valve and downstream spectacle
blind.

ASME B31.3 Category ‘D’ service shall have a valve and downstream spectacle blind.

Generally, equipment shall have provision for isolation of piping to each equipment connection
by means of valving and /or blinds as determined by service conditions.
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4.12 Criteria for Isolation Valves
Installation Process | Drain/ Pressure Level Flow Safety Control
(Class Rating) | Isolation | Vent Taping Taping | Element | Valve Valve
150 / 300# Single Single | Single Single | Single Single Single
600 # Single Single | Double Single | Double Single Single
Above 600# Double Double | Double Double | Double Double | Single
Note: For S/D & at battery limit, it will be as per process requirements
Piping flexibility shall be achieved by the use of piping offsets and expansion loops whenever
possible. Expansion joints shall not be used without written permission of the Owner.
5. DESIGN PHILOSOPHY / GENERAL CRITERIA
5.1 Equipment Layout
5.1.1 Basis of Equipment Layout
Equipment Layout shall be finalised based on the following data:
a) Site Location Plan
b) P&l Ds
c) Equipment Data Sheets
d) Wind Direction
e) Overall Plot Plan
f) Safety Distance and Specific Distance mentioned in Piping Design Basis and as per
statutory requirements.
5.1.2 Development of Equipment Layout

The following aspects shall be considered during development of equipment layout;

a) Process Requirement -Proper interconnection between equipment as per P&IDs to achieve
the intended process parameters.

b) Economy of piping material- Minimize the quantity of costly piping.
c) Erection & Construction requirements:

Erection scheme and schedule of all equipment must be considered during equipment layout
to have smooth erection mainly in case of tall columns, heavy equipments like thick walled
reactors, space for laying tall columns, approach roads for cranes / derricks for lifting the
column or reactors and requirement of special foundation / pile etc.

d) Operation and Maintenance Requirement
- Overhead and side clearances for exchangers and pumps
- Provision of exchangers tube bundle pulling area
- Horizontal & overhead clearances for easy movement of working personnel
- Crane approaches for air coolers/fired heaters
- Provision of catalyst loading/unloading facilities.
- Provision of monorail for pumps and exchangers

- Provision of EOT crane for compressors.
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5.2
5.2.1
5211

5.2.1.2

52.1.3

5214

52.1.5

5.2.1.6

5.2.1.7

5.2.1.8

5.2.1.9

5.2.1.10

5.2.1.11

- Provision of operator's cabin.
- All coke chambers shall be having the lift provision.

e) Similar equipment grouping - All columns, exchangers, pumps etc. should be grouped
together for convenience of maintenance and safety wherever feasible.

f) The technological structures should be interconnected for easy movement of operational
personnel.

g) U/G piping corridors for main headers should be marked in equipment layout for all
underground piping.
Plant Layout & Design guidelines
General

The plant layout shall be based on ensuring adequate access, to allow construction, inspection,
maintenance and operation to be performed in a safe and efficient manner. The alignment of
equipment and pipe shall offer an organised appearance. The layout shall be in accordance
with, but not limited to, the design practices described in this criteria.

Where dynamic loading, limited pressure drop or other severe service condition applies,
particular care shall be taken in routing pipe lines.

Flushing connections shall be provided on all lines containing flammable or toxic material,
slurries, and materials which solidify or lead to scaling or choking, when the line is idle or even
in operation. Sufficient Nitrogen purging points shall also be provided. Supply piping of fuel gas
shall be arranged for equal flow distribution.

Trolley beams, pipe davits, shall be provided with appropriate removable hoists mechanism for
charging and discharging catalysts, chemicals, packing rings etc.

Piping and all other services shall be arranged so as to permit ready access of Cranes for
removal of Equipment for inspection and servicing.

All utility and process piping shall be located above ground, and major lines shall be located in
overhead pipe ways.

The following lines may be buried providing they are adequately protected.

- Cooling Water Lines 18" dia. and larger

- Fire water mains

- Drain and Sewer (oily and chemical) lines from catch basin to mains and manholes

Lines that must be run below grade, and must be periodically inspected or replaced, shall be
identified on the P & ID’s; these lines must be placed in covered concrete trenches. Sleeper-
ways shall not be used in process areas where they may block access for personnel and
equipment.

Fire protection system shall be designed as per NFPA, / TAC and as per statutory requirements.
Refer Fire Fighting Design Basis.

Drip legs and dead ends shall be avoided, especially for piping where solids or fluids may
congeal from corrosive condensate.

Where sleeper ways are used the elevations shall be staggered to permit ease of crossing or
change of direction at intersections. Flat turns may be used when entire sleeper ways change
direction. Flat turns must not be used within pipe racks.

All cooling towers shall have sunshades at top distribution decks to avoid algae growth. Cooling
towers should be located away from process unit area, preferably downstream direction of wind.
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52112

5.2.1.13

5.2.1.14
5.2.2
5.2.21

5222

5.2.3
5.2.3.1

5.2.3.2

5233

5234

524

Orient the short side of the tower along the prevailing summer wind for maximum efficiency.
Locate cooling towers a minimum of 30m away from process units, utility units, fired equipment,
and process equipment.

Locate flare stacks upwind of process units, with a minimum distance of 90 m from process
equipment, tanks and cooling towers.

Spacing and routing of piping shall be such that expanding/contracting lines (including
insulation) will not clash with adjacent lines, structures, instruments and electrical equipment
during warm up and cool down.

Piping to be sloped shall be indicated on the P&ID’s.
Pipe-Rack/T-Post/Small Portals

In general, equipment layout shall be prepared considering straight pipe rack, however other
shapes like L/ T/U/H/Z etc can also be considered based on area available.

The width of the rack shall be 4M, 6M, 8M, 10M or 12M for single bay having four (4) tiers
maximum. In general, the spacing between pipe rack portals (span) shall be taken as 8 M for
main rack. However it can be decreased to 6 M depending on the size/number of the pumps to
be housed below pipe rack. Intermediate Beams between two portals shall be provided to
support smaller pipes <= 2". 20% extra space shall be provided on the pipe rack and portals on
each tier for future expansion/modifications. Water lines more than 16" shall not be routed over
rack.

-Clearance beneath pipe rack shall be 3.8 M minimum.

-Road clearance shall be 9 M minimum wherever heavy duty crane movement is required during
construction and future maintenance.

-Road clearance shall be 7.5 M minimum for main roads.

-Road clearance shall be 5 M minimum for secondary roads.

-T-Portal's width shall not be more than 2.5 M and height shall not be less than.3.0M.
Towers and Vertical Vessels

Towers and vertical vessels shall be arranged in a row with common centre line, decided by the
largest vessels, placing O.D. of the equipment minimum 4 M away from the pipe rack. A
minimum clearance of 3 M shall be allowed between tower shells, but in any case adjacent
towers shall be checked so that platforms do not overlap considering the deflection of towers
(deflection of towers shall be considered minimum L/200 MM, WHERE, (L=height of tower). A
minimum 100 mm horizontal gap shall also be provided between platforms of adjacent towers
after deflection and that a minimum 900 mm is left between tower plinths. Also the gap between
vertical vessels shall allow full opening of manhole covers without restriction.

Efforts shall be made to provide interconnecting platforms at suitable levels for adjacent towers
and/or adjacent technological structure etc., Interconnections where ever feasible shall be done,
after taking thermal expansions of towers into consideration.

The maximum vertical distance between platforms shall be 6 m. All level switches, LGs etc
including their isolation valves shall be accessible from ladders or platforms. To handle heavy
items (like relief valves, blinds etc.), davit of suitable capacity to lift higher weight of safety
valves/ Blind/ Internals etc. is needed. The davit shall be on the side of the vessel away from the
rack. The area at grade shall be kept clear for a dropout. Davit capacity shall be minimum 1 MT.

Chemical vessels to be located close to the dosing point to the extent possible, specially
ammonia & corrosion inhibitors.

Horizontal Vessels
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5.2.41

525
5.2.5.1

5.25.2

5253

5254

5.2.6
5.2.6.1

5.2.6.2

5.2.6.3

5.2.6.4

5.2.7
5.2.71

5.2.8
5.2.8.1

The horizontal vessels shall be laid perpendicular to pipe rack and shall be placed minimum 4M
away from the pipe rack. The clearance between horizontal vessel shells shall be minimum 2M
or 900 mm clear aisle whichever is higher.

Pumps

Wherever practical, pumps shall be arranged in rows with the centre line of the discharge on a
common line. In general, pumps shall be kept inside the pipe rack. However in case of smaller
racks, pumps shall be kept on one side or outside the pipe rack to provide clear access under
the rack as per clause 5.2.11.2.

Pump foundation height shall be 300 mm above H.P.P. Pumps which are handling hydrocarbon
at temperature above 315°C and pumps for which specific notes are given in P&ID shall be
necessarily housed outside the rack.

Gap between each pump foundation / and foundation of technical structure should be sufficient
for easy removal of equipment after piping. Clearance between two adjacent pumps shall be
such that clear 900 mm aisle is available.

No monorail should normally be provided for pumps outside rack and sufficient space below
rack shall be available for pump maintenance.

Exchangers

In most of the cases floating head of exchangers are placed on a line minimum 4M away from
pipe rack. Shell and tube type exchangers may have a removable shell cover with flanged head.
Tube pulling or rod cleaning area must be allowed at the channel end. This shall be minimum
the tube bundle length + 1.5M from the channel head. In case of vertical exchanger suitable
platform shall be provided below the top flange of channel or bonnet.

Minimum clearance in between two horizontal exchangers shall be 2M or 900mm clear aisle
whichever is higher.

Likewise Heat Exchanger train should be suitably spaced such that shell/ tube inlet/outlet piping
do not foul floating Head Covers creating maintenance problem.

Hydro extractor is considered for exchanger bundle/ shell removal. Monorails to be provided for
tube bundle removal only for exchangers not accessible to Hydro extractor. No special bundle
removal arrangement will be provided for exchangers which are open to sky. Davit shall be
provided for floating head cover for all exchangers.

Fin Fan Exchangers

Fin fan exchangers shall be located over the main pipe rack or on technological structure. 15.0
M horizontal distance shall be maintained from furnace/heater. Concrete floor shall be provided
below the fin-fan coolers located above the pipe rack. The width of the structure from where Air
Fin exchanger assembly is supported shall be minimum 2.0 M more than the Air Fin exchanger
tube bundle length so that proper supporting of inlet/outlet piping manifolds can be done from
the main members of pipe rack/technological structure to transfer piping load to main structural
members. Monorail shall be provided at one end of air cooler platform area for lowering the gear
boxes. Adequate headroom /clearance shall be provided between concrete floor and fan
location.

Compressors and their Prime Movers
Two major types of compressors used in process plants:
1. Centrifugal compressors

2. Reciprocating compressors.
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5.2.8.2

5.2.8.3

5.2.84

5.2.8.5

5.2.8.6

5.2.8.7

5.2.8.8

5.2.8.9

5.2.8.10
5.2.8.11

5.2.9
5.2.9.1

5.2.9.2

Compressors shall be located to keep suction lines as short as possible. Drivers for compressor
may be electric motor, gas engine, gas-fired turbine or steam turbines as per P& ID. The gas
compressors shall be located downwind side of furnace so that leaks are not blown towards
furnace. In general compressors are kept under shed. When compressors are kept under shed,
sides are fully open for the low shed or partially closed from top for high shed to avoid
accumulation of heavier gases in the shed.

In case of a turbine driven compressor, if exhaust steam is condensed, turbine and compressor
to be located at an elevated level and condenser to be located below turbine.

A major consideration in centrifugal compressor location is the lube and seal oil console. It must
be accessible from road and must be lower than the compressor to allow gravity drain of oil to
the consoles oil tank.

Intercoolers are placed near compressor and are kept within/outside shed, keeping the safe
distance. Knockout pots and after coolers may be kept outside the shed but near compressor
house.

For compressors one electrically operated Crane to handle heaviest removable piece shall be
provided for each compressor house. Maintenance bay for compressors shall be provided.
Maintenance bay shall be accessible from road to facilitate unloading of load on to truck etc. For
removal of bundles of exchangers located within building monorail arrangement shall be
provided.

Compressor manufacturer may be consulted for better layout and additional requirement for
maintenance. However licensor's requirement, if any, shall also be taken into consideration.

In case the compressors are located at grade level; the finished floor level for compressor house
shall be 300 mm above HPP. However if the compressors are located at elevated structure the
finished floor can be same as HPP.

Layout of compressor house for urea and ammonia plant shall be such as to have minimum
distance of:

a) When installed in a line

i) 5 meters on either side of compressor train

ii) 5 meters between compressors

b) When installed in parallel

i) 5 meters at both ends of compressor/turbine train.

i) 5 meters between compressors

All distances are to be measured from the edge of base plate.

The bidder shall submit plan layout of the compressor house and the design of plant layout shall
be in agreement with owner. The compressor house shall be covered. The drop down area shall
be provided with removal grating and structure. All other area shall be covered.

Clearance and Accessibility
Crane Access & Tube bundle pulling

Equipment, structures shall be arranged to permit crane access to service air coolers,
compressors and exchangers. All exchanger tube bundles shall be "jacked out" against shell. A
clear space for tube bundle removal shall be provided. Dropout bay may be considered for
exchangers at elevated structures. For high pressure exchangers, shell pulling on rails should
be considered.

Access to Pumps

FORM NO: 02-0000-0021 F2 REV3 All rights reserved




03 @ INSTALLATION OF NEW 2500 CUBIC
PDIL METER CAPACITY HORTON SPHERE DOCUMENT NO REV

V
B 0 B
FOR STORAGE OF AMMONIA AT NFL, 'NFL|
NANGAL SHEET 13 OF 69

5.2.9.3

5294

5.2.10
5.2.10.1

Clear access of 3.8M vertically and 4.5M horizontally shall be provided centrally under main pipe
rack for small mobile equipment to service pumps, wherever these are put under pipe ways with
prior specific approval. Pumps outside rack shall be approachable by small cranes etc. from
under the pipe rack.

Access to lower items to grade (Lowering Area)

Clear access shall be provided at grade on the access side for lowering external and internal
fittings from tall elevated equipment by providing pipe davits.

Layout & Access Requirements for Platforms ladders and Stairs
For providing platform ladder & staircase following guidelines shall be followed;

- Two means of access (i.e. two ladders or one ladder and one stair case) shall be provided
at any elevated platform which serves three or more vessels & for B/L valves operating
platform.

- Platforms, ladders and stairways shall be the minimum, consistent with access and safety
requirements

- Stairway for tanks to be provided on upstream of predominant wind direction
i) Platform at elevated structure

a) Dual access (i.e. one staircase and one ladder) shall be provided at large elevated structure
if any part of platform has more than 22.65M (75 ft) of travel.

b) Air coolers shall have platforms with interconnected walk-ways provided to service valving,
fan motors and instruments. Access requirements shall conform to paragraph (a) above.

c) When fired heaters are located adjacent to one another, they shall have inter-connecting
platforms on the upper and lower section. Inter-connecting platforms between towers may
be provided taking into consideration expansion of towers.

i) Platforms with stair access shall be provided for:

a) Location at which normal monitoring (once a day or more) is required or where samples are
taken.

b) Locations where vessels or equipment items need operator attention "such as compressors,
heaters, boilers etc.

iii) Platforms with ladder access shall be provided for:

a) Points which require occasional operating access including valves, spectacle blind and
motor operated valves, and heater stack sampling points.

b) Man ways above grade on equipment.
iv) Ladder location

a) Wherever practicable, ladder shall be so arranged that users face equipment or platform
rather than facing open space.

b) Landings shall be staggered. No ladder shall be more than 6 M in one flight.
Valves

Piping shall be so arranged that valves can be operated easily. Frequently operated valves shall
be located in such a way that the valves are easily accessible from grade, platforms, stairs or
ladders, and that the bottom of a hand wheel is located less than 1.8 m above the operating floor
level.
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5.2.10.2

5.2.10.3

52.10.4

5.2.10.5

5.2.10.6

5.2.10.7

5.2.10.8

5.2.10.9

Other valves should also be accessible where they are located at more than 1.8 m above the
operating floor level. Chain-operated valves shall not be used.

For valves in trenches, if hand wheels are located more than 300 mm below the cover plate, the
valves shall be provided with extension stems extending to within 100 mm below the cover plate.

Manually operated valves, which are used in conjunction with locally mounted flow indicators,
shall be placed at the same operating level and located where the instrument can be readily
observed.

Double block valves with a bleeder connection shall be provided with interconnecting piping
where intolerable contamination could result from valve leakage.

Where block valves are installed in branch lines from headers, the valves shall be located in
horizontal runs at high points so that lines will drain both ways.

All valves shall be so installed that the stems are not below horizontal positions unless otherwise
specified.

All valves shown on the piping and instrument flow diagrams as located at nozzles of equipment,
such as towers and reservoirs, shall be connected directly to the nozzles.

Battery limit valves, if required, shall be grouped together and consideration shall be given to
provide a common operation platform.

5.2.10.10 Vessel nozzles located below the normal or emergency liquid level shall be provided with the

5.2.11
5.2.11.1

5.2.11.2

5.2.11.3

block valves, if practical. Other vessel nozzles shall be provided with block valves only if
required for operation.

Control Valves

All control valves shall be easily accessible from grade or permanent platforms and conveniently
located for operations and maintenance.

Control valves shall be provided with block valves, a bypass valve and a drain valve. Fitting
(flange or pipe fitting) shall be provided between the control valve and the block valves for easy
maintenance. The drain valve shall be provided with the fittings (flange or pipe fittings)
upstream of the control valve.

Block valves, bypass valve and drain valve may be omitted at the following conditions:
1) Block valves

a) Where operating conditions are mild, and omission of the block valves will not
jeopardize safety or operability of the unit.

b) Where continuous operation using a bypass valve is impossible.

c) For the downstream block valve of control valve, where discharged to atmosphere.
2) Bypass valve

a) Where the block valve is omitted.

b) Where continuous operation using a bypass valve is impossible.

c) Where a globe valve is used instead of upstream block valve of a control valve, when
discharged to atmosphere.

3) Drain valve

a) Where operating conditions of piping for water, brine, non-flammable or nontoxic fluid are
mild.
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5.2.11.4 Unless otherwise specified on piping and instrument flow diagrams, sizes of block valves and
bypass valves shall generally be as follows:

(Unit: Inch)

Eljr?fﬂsl VaSZe | Line Size Block Valve Size Bypass Valve Size

3/4 3/4 3/4 3/4
1 1 1
1172 1172 1172
234 > 1

1 1 1 1
1172 1172 =T
234 2 1172

1172 1172 1172 172
234 > 5

2 2 2 2
34,6 3 3

2112 34,6 3 3

3 3 3 3
468 4 2

4 4 4 4
6,8.10 6 5

6 6 6 6
8,10,12 8 5

8 8 8 )
1012 10 0

10 10 10 10
12,14 1 >

Control valves, where practicable, shall be installed with the stems vertical.
5.2.12 Orifice

5.2.12.1 The length of straight run piping upstream and downstream of the orifice shall be in accordance
with APl RP550, Manual on Installation of Refinery Instruments and Control Systems, unless
otherwise specified.

5.2.12.2 The straight run shall be designed for a beta ratio of 0.7. The smaller ratio may be used where
practical considerations preclude the longer straight run installation.

5.2.12.3 Orifice runs shall be located in the horizontal. Orifice flanges with a centre line elevation 4.5m
above grade, including installed in pipe racks, shall be accessible from a platform with
permanent ladder.

5.2.12.4 Orifice taps, in general, shall be located as follows: (Please also refer specs. for Instrumentation)
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5.2.13

5.3
5.3.1

5.3.2
5.3.2.1

5.3.2.2

5.3.2.3

5.3.24

5.3.2.5

i)  Air, Gas and steam

Top vertical centreline (preferred)

45 degrees above horizontal centreline (alternate)
i) Liquid

Horizontal centreline (preferred)

45 degrees below horizontal centreline (alternate)

Tap orientation shall be shown on piping isometrics. Finally all orifice impulse tapping / spare
tapping will have to be seal run.

Clearances

Minimum clearances shall be as indicated in Annexure-4.
Unit Piping
Basis of Unit Piping

- Piping & Instrument Diagram

- Equipment layout

- Equipment Data sheet & Setting plan

- Line list

- Instrument Data sheet

- Structural & building drawings

- Topography of the plant

- Piping material specification

- Overall plot plan

The following objective shall be ascertained during piping layout;

- Proper access to all operating points including valves, and for all orifice tapping points and
instruments in particular (refer Annexure-2).

- Proper access to interrelated operating points for specific purpose and for maintenance.

Pipe Ways/Rack piping
Racks shall be designed to give the piping shortest possible run and to provide clear head
rooms over main walkways, secondary walkways and platforms.

Predominantly process lines are to be kept at lower tier and utility & hot process lines on upper
tier.

Generally the top tier is to be kept for Electrical (if not provided in underground trench as per
electrical design basis) and Instrument cable trays. Cable tray laying to take care of necessary
clearances for the fire proofing of structure.

Generally the hot lines and cold lines shall be kept apart in different groups on a tier and bigger
size lines shall be kept nearer to the column.

Minimum spacing between adjacent lines shall be decided based on O.D of bigger size flange
(minimum rating 300# to be considered), O.D of the smaller pipe, individual insulation thickness
and additional 25 mm clearance, preferably. Wherever, even if flange is not appearing, the
minimum spacing shall be based on above basis only.
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5.3.2.6

5.3.2.7

5.3.2.8
5.3.2.9

5.3.2.10
5.3.2.11

5.3.2.12

5.3.2.13

5.3.2.14
5.3.2.15

5.3.2.16

5.3.217

5.3.2.18

5.3.2.19

5.3.2.20

5.3.2.21

5.3.2.22

5.3.2.23
5.3.2.24

5.3.2.25

5.3.3

Actual line spacing, especially at 'L' bend and loop locations, shall take care of thermal
expansion / thermal contraction / non expansion of adjacent line. Non expansion / thermal
contraction may stop the free expansion of the adjacent line at "L' bend location.

Anchors on the racks are to be provided on the anchor bay, if the concept of anchor bay is
adopted. Otherwise anchors shall be distributed over two to three consecutive bays.

Anchors shall be provided within unit on all hot lines leaving the unit.

Process lines crossing units (within units or from unit to main pipe way) are normally provided
with a block valve, spectacle blind and drain valve. Block valves are to be grouped and locations
of block valves in vertical run of pipe are preferred. If the block valves have to be located in an
overhead pipe way, staircase access to platform above the lines shall have to be provided.

Provision of block valves, blinds etc. shall be as per Process Design Basis and P & IDs.

All small bore piping shall be designed in a way so as to ensure adequate space for
maintenance and operation. For small bore piping intermediate support shall be provided in
between portals.

Stubs on saline water (if applicable) service shall be from top of main header.

Minimum branch size for tapping including for instruments e.g. PG/ PTI TE etc. shall be of 3"
NPD and 150 mm height on internal cement lined pipes.

Aboveground lines shall be grouped to run on pipe racks or sleepers in so far as practicable.

Hot lines on pipe racks or sleepers shall be grouped and expansion loops shall be nested
together. The number of expansion loops shall be kept to a minimum.

Piping handling corrosive fluids shall be run under piping handling non corrosive fluids, and
shall not, where possible, be run overhead across walkways or normal passages for personnel.

All process and utility piping will be located aboveground within the plant battery limit, except
water mains.

All piping shall be arranged in horizontal banks, where possible, to facilitate supporting. Banks
running north-south shall be at different elevations from banks running east-west. Exceptions
are permitted to avoid unnecessary change in elevation at change of direction or where
essential to avoid pockets.

All piping shall be routed for the shortest possible run and have the minimum number of fittings
consistent with provision for expansion and flexibility. All piping shall be arranged in a neat
manner, providing free access around all operating equipment.

Vertical lines at vessels shall run close to the vessel shell to facilitate supporting. The line shall
be arranged and grouped to allow the use of single support.

Lines carrying molten solids, slurries or highly viscous liquids shall have a sufficient slope for
each gravity flow.

The shortest and most direct layout possible shall be provided for gravity flow lines, especially
when the fluid is subject to solidification and when the differential pressure is small.

Piping shall be arranged to facilitate handling of equipment for inspection or maintenance.

Vapour collecting system shall be routed so that the vapor rises continuously from the vessel
being vented to a higher point without pocketing.

Pockets shall be avoided in lines, particularly those carrying corrosive chemicals, slurries, vents,
blow down lines, etc.

Column / Vessel Piping Control Valves
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5.3.3.1

5.3.3.2

5.3.3.3

5.3.34

5.3.3.5
5.3.3.6

5.3.3.7

5.3.3.8

5.3.3.9

5.3.3.10

5.3.4

5.3.4.1
5.34.2
5343

5.3.5
5.3.56.1
5.3.5.2

5.3.5.3

5.3.54

5.3.5.5

5.3.5.6

Piping from column shall drop or rise immediately upon leaving the nozzle and run parallel and
as close as practicable to vessel. Re-boiler outlet piping shall be as short as possible with
minimum bends.

Piping shall be grouped as far as possible for the ease of supports and shall run on the rack side
of the column.

Manholes shall be kept on the road side of the column and approachable from the platform.
Platform width shall be such that minimum 1.0 M space is available beyond manhole for
movement.

Piping shall be supported from cleats welded on the vessel as far as possible.
Proper guides at intervals shall be provided for long vertical lines.

Access platforms/ladders shall be provided along the column for valves and instruments.
Minimum width of platform shall be 750 mm clear.

For ease of operation and maintenance, column and vessels which are grouped together, shall
have their platforms at the same elevation interconnected by walkways wherever feasible.
However each column \ vessel shall have an independent access also. Column vessel platforms
should be designed in such a way so that all the nozzles should be approachable from
platforms.

Unless specifically indicated in P&ID’s control valves shall preferably be kept at grade instead of
platform.

Piping intended for vacuum services shall be routed as short as possible, with minimum bends
and flanged joints.

Piping support cleats shall be designed for safety valves considering impact loading during
popping off.
Exchanger Piping
Exchanger piping shall not run in the way of built in or mobile handling facilities.
Wrench clearance shall have to be provided at exchanger flanges.

Piping shall be arranged so that they do not hinder removal of shell end and channel cover and
withdrawal of tube bundle.

Pump Piping
Pump drives shall have clear access.

Pump suction piping shall be as short as possible and shall be arranged with particular care to
avoid vapour pockets.

Reducers immediately connected to the pump suction shall be eccentric type flat side up to
avoid the accumulation of gas pocket. For end suction pumps, elbows shall not be directly
connected to the suction flange. A straight piece minimum 3 times the line size shall have to be
provided at the suction nozzle.

Pump discharge check valve if installed in vertical lines shall be fitted with a drain connection as
close as possible downstream of the valve.

When a suction vessel operates under vacuum, the vent connection of the pump has to be
permanently connected to vapour space of the suction vessel to allow possible filling of the
pump with liquid before it is started.

Unless otherwise specified T-type strainers shall be used on pump suction piping for sizes 2"
and above.
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5.3.5.7

5.3.5.8

5.3.5.9

5.3.5.10

5.3.5.11
5.3.6
5.3.6.1
5.3.6.2
5.3.6.3
5.3.6.4

5.3.6.5

5.3.6.6

5.3.6.7

5.3.6.8

5.3.6.9

5.3.6.10

5.3.6.11

5.3.6.12

5.3.6.13

5.3.6.14

Y-type strainers to be used for all sizes in steam services and for pump suction lines 1% and
below.

All small bore piping connected to pump (drain to OWS & CBD, seat and gland leak drain) shall
have provision for break up flanges for removal of pumps.

Piping shall be so arranged that forces and moments imposed on the pump nozzle do not
exceed the allowable values as per API 610(centrifugal pumps and centrifugal pumping
systems).

Pump discharge should preferably be routed away from the pump rather than towards the motor
side.

Pump cooling water connection shall be taken from the top of circulating cooling water header.
Compressor Piping

Suction lines shall be as short as possible.

Suction piping shall have adequate flanged joints for ease of erection and maintenance.

Lube oil cooler space shall be provided such as to facilitate tube bundle removal.

All operating valves on main suction and discharge piping shall be lined on one side as far as
possible.

A minimum straight length of suction pipe is to be provided as per manufacturer's
recommendation.

Piping shall be designed so that forces and moments imposed on the compressor do not exceed
the manufacturer's recommendation.

Compressor suction lines between the knockout drum and the compressor shall be as short as
practicable.

Where the line between knockout drum and the compressor cannot be routed without pocket,
low point in compressor line shall be provided with drains to remove any possible accumulation
of liquid. In no case accumulation at low point should be allowed to go towards the compressor.

Low points in the discharge line from an air compressor shall be avoided because it is possible
for lube oil to be trapped and subsequently ignited. If low points are unavoidable, they shall be
provided with drains- In case of reciprocating compressor, piping shall be suitably supported to
avoid vibrations due to pulsating flow.  Unless specific requirements of no pockets are there
from the licensor, all the piping shall run at 500 mm above grade level so that proper. Supports
can be provided and also to minimize vibrations.

Analog study shall be carried out for complete compressor piping including suction | discharge
piping as per P&ID’ s and the analog study recommendations if any, shall be implemented.

Reciprocating compressor piping should not be supported from compressor shed | platform
structure.

Pulsation dampers or surge bottles at the suction and discharge of reciprocating and
displacement type compressors shall be provided according to manufacturer's
recommendations.

A suction filter shall be provided in each compressor suction line to completely remove debris
from the system.

Whenever possible, suction and discharge piping in the immediate Vvicinity of a
compressor shall be located at or close to grade level to minimize vibration.

FORM NO: 02-0000-0021 F2 REV3 All rights reserved




¢ o
PDIL

INSTALLATION OF NEW 2500 CUBIC \.,
METER CAPACITY HORTON SPHERE DOCUMENT NO REV WW
FOR STORAGE OF AMMONIA AT NFL, I NFL
NANGAL SHEET 20 OF 69

5.3.6.15

5.3.7

5.3.7.1

5.3.7.2

5.3.7.3
5.3.74

5.3.7.5

5.3.7.6

5.3.7.7

5.3.7.8

5.3.7.9

5.3.7.10

5.3.8
5.3.8.1

5.3.8.2

5.3.8.3

5.3.84

5.3.8.5
5.3.8.6
5.3.8.7

5.3.8.8

Spring loaded hangers or equivalent means shall be provided in compressor piping to minimize
stress to nozzles. The allowable end reactions shall be based on manufacturer's
recommendations.

Piping around Tanks Area

Nozzles for level controlling instruments shall be oriented within an angle not exceeding 60
degrees against the fluid inlet nozzles.

Nozzles shall be easily accessible from platforms or ladders, if provided  with  block valves,
sampling valves, instruments, and all other devices to be manually operated.

Fluid inlet nozzles shall be located as far apart as possible from fluid outlet nozzles.

Vessel working platforms where man ways and hand holes are located shall preferably be
provided with utility stations.

The first pipe support from tanks shall be located sufficiently away from the tank to prevent
damage caused by settling.

The number of pipelines in the tank dyke shall be kept at minimum and shall be routed in the
shortest practicable way to main pipe track outside the tank dyke, with adequate allowance for
expansion. With nozzle tank Dyke the piping connected to that tank shall only be routed. Pad
shall be provided at pipette sleeve interface at dyke wall entry point.

Manifolds shall be located outside the tank dyke & by the side of the roads, easily accessible by
the walkway.

Plug valves whenever specified shall be of pressure balance type.

Analysis shall be carried out to prevent damage to lines and tank connection caused by tank
settlement. If exceptionally high settlement is expected, Dressers coupling or flexible ball joint
may be provided, after necessary analysis.

Special consideration shall be given as regards to spacing of nozzles while installing special
item like hammer blind, MOV etc.

Relief System/blow down System Piping (CBD, OWS, FLARE)

Relief of liquids and easily condensable hydrocarbons are usually discharged to a closed
system.

Wherever the inlet line size is higher than the safety valve inlet size, reducer shall be installed
adjacent to inlet of safety valve.

Relief valve discharging steam, air or other non-flammable vapour or gas directly to
atmosphere shall be equipped with drain and shall be suitably piped to prevent accumulation of
liquid at valve outlet. Liquid phase blow down system piping connected to a closed system shall
be self draining to the blow down drum. Closed blow down header shall be sloped towards the
CBD drum to assure free drainage.

Liquid-vapour phase relief valves shall discharge into the flare header at an angle 45 degrees
in the direction of header flow, to minimize the effect of kinetic energy and to avoid accumulation
of liquid.

Pockets in the flare header and blow down system shall be prohibited.
Relief valve discharge piping shall be taken to safe location as per following;

3M above top platform of column or structure, within 6M radius for steam and 8M for Hydro
carbon / toxic discharge.

25M horizontally away from furnace.
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5.3.8.9

5.3.8.10

5.3.8.11

5.3.8.12

5.3.8.13

5.3.8.14

5.3.8.15

5.3.8.16

5.3.8.17

5.3.9
5.3.9.1

5.3.9.2

Inlet and outlet piping of pressure relief valve shall be adequately supported to take care of the
thrust induced by the relief valve during popping.

Reaction forces due to safety valve popping shall be ascertained in the connected piping. The
effect of these forces on the piping supports and the anchors of the piping system shall be
calculated to ascertain that the allowable limits at these locations are not exceeded. The
supporting structure also shall be adequately designed so that when subjected to these reaction
forces the supporting elements connected to piping as well as the basic supporting structure i.e.
platform members etc. are capable of withstanding them. System stresses in the inlet and outlet
piping portions at safety valves also shall be kept within the allowable limits, inclusive of the
distribution branching points in the inlet portion. These reactive forces shall not lead to any
leakage at the flanged joints present in the system. To ascertain these necessary calculations
for checking leakage at the flanged joints shall be performed.

Safety and relief valves shall be accessible from platform or grade. For the valves weighing
more than 45 kg, davits or other lifting devices shall be provided. Alternatively crane access
shall be provided for these valves.

Safety and relief valves shall be installed in a vertical position and shall have a minimum of pipe
length between the protected line or equipment and the valve inlet.

Safety valves discharging to atmosphere shall have the outlet piping extending at least 2.2 m
above operating platforms or levels within a radius of 7.5 m. A 9 mm minimum weep hole shall
be provided at the lowest point of the outlet piping.

Safety and relief valves connected to flare lines shall be located higher than the flare header,
where the fluid discharged from valve is liquid or condensable.

Outlet piping or safety and relief valves, including flare lines, shall be designed to prevent
excessive stresses in the line due to rapid temperature change or uneven temperature
distribution.

All flare headers shall be sloped 1 m per 400 m to 1 m per 1000 m downward to the blow down
drum.

Flare System shall be designed such that:
a) There will be 1 Running + 1 standby Safety Valve. (For all process & utilities lines)
b) Each Valve shall have full relieving capacity.

c) Isolation Valve shall be provided on Up Stream side & Spectacle Blind with Valve on
downstream side so that individual safety valve can be isolated for maintenance
purpose.

Steam Piping - Indian Boiler Regulations (IBR)
Generally steam lines with conditions listed below fall in the scope of IBR;
a) Lines having design pressure (maximum working pressure) Above 3.5 Kg/cm2 (g)
b) Line sizes above 10" inside diameter having design pressure 1.0 Kg/cm2 (g) & above.
c¢) Lines with pressure less than 1.0 Kg/cm2 (g) are excluded.

d) Users of steam like steam tracing lines, jacket of the steam jacketed lines, and steam heating
coil within the equipment are excluded from IBR scope.

e) Boiler feed water lines to steam generator, condensate lines to steam generator and flash
drum as marked in P&l D shall be under purview of IBR.

IBR requirements (in brief)
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5.3.10
5.3.10.1

5.3.10.2
5.3.10.3

5.3.10.4

5.3.10.5

5.3.10.6

5.3.10.7

5.3.10.8

5.3.10.9

5.3.10.10

5.3.10.11
5.3.10.12

a) All materials used on lines falling under IBR must be accompanied with IBR Inspection
certificate in form IIA/IIIC, as applicable, in original. Alternatively, photocopy of the original
certificate duly countersigned and attested by local IBR inspector is acceptable.

Chief inspector of boilers shall be the inspection authority for Indigenous (Indian) supply.
However, for non - indigenous supply, IBR inspection shall be carried out by the inspection
agencies approved by IBR (Central Boilers Board).

b) Drawings like General Arrangement Drawings (GAD) and system isometrics / line wise
isometrics of lines falling under IBR must also be approved by IBR authority of State in which
the system is being installed.

c) All welders used on fabrication of IBR system must possess IBR welding qualification
certificate.

d) IBR system must be designed to comply IBR regulations as well as ASME B31.3. All design
calculations towards the same must be approved by IBR authority.

e) IBR approval is obtained with requisite fees payable to Indian Boiler Board of the State
concerned.

f) Steam generators (boilers/heat exchangers) shall require exclusive IBR approval along with its
integral piping up to the final isolation valve.

g) The discretion of IBR authority of state is final and binding for the above cases.
Steam Header & Supply Lines / Steam and Condensate Systems

Steam piping shall be designed to have complete condensate removal. Drip legs shall be
provided with steam traps at low points in the system.

All steam branch connections shall be taken from the top of the header.

Return exhaust steam / condensate lines shall connect to the top of the exhaust steam
Condensate header.

Where block valves have been installed in the main steam header such that condensate can
collect either side of the valve when closed, a safe means of draining the condensate prior to
opening the valve shall be provided.

Steam header shall be located generally on the upper tier and at one end of the rack adjacent
to columns.

Branch lines from horizontal steam header, except condensate collection points, shall be
connected to the top of the pipe header.

Isolation valves (if provided) on the branch line shall preferably be provided on the horizontal run
and outside the pipe rack.

All branch lines shall be drainable.

Drip legs & steam traps shall be provided at all low points and dead ends of steam header. Drip
legs at low points shall be closer to downstream riser and shall be provided to suit bidirectional
flows, if applicable.

All turbines on automatic control for startup shall be provided with a steam trap in the steam inlet
line.

All traps shall be provided with strainers if integral strainers are not provided.

Steam traps discharging to atmosphere shall be connected to storm water drain/storm sewer, in
case of open system. In case of condensate recovery, traps shall discharge into condensate
header.
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5.3.10.13 Expansion loops are to be provided to take care of the expansions within units.

5.3.10.14 Wherever condensate is to be drained, proper condensate draining facility shall be provided.

5.3.11

5.3.11.1
5.3.11.2
5.3.11.3

5.3.12

5.3.12.1
5.3.12.2
5.3.12.3

5.3.13

5.3.13.1

5.3.13.2

5.3.13.3

5.3.13.4

5.3.13.5

5.3.13.6

5.3.13.7
5.3.13.8

5.3.13.9

Water Piping
Water piping shall be designed to minimize the possibility of water hammer.
Water main headers may run underground to prevent freezing.

Unless local code or regulation prohibits, firewater lines shall be underground to prevent
freezing. Firewater piping system shall conform to regulations of the competent governmental
authorities.

Instrument Air Piping
Instrument air lines shall not be connected to process lines, service lines, and other equipment.
Instrument air shall not be used as plant air or service air.

Branch lines from the instrument air header shall be taken from the top of the header and shall
be provided with a block valve close to the header. Also in the upstream of Instrument manifold,
Gate valve has to be provided

Supports and Anchors

Supports and/or anchors shall be provided close to changes in direction of lines, branch lines
and, particularly, close to valves to prevent excessive sagging, vibration and strain.

Allowable spans between pipe supports shall be determined to keep the maximum deflection
within 16 mm.

In cases where periodic maintenance requires removal of equipment, such as pumps and relief
valves, and where lines must be dismantled for cleaning, piping shall be supported to minimize
the necessity of temporary supports.

Spring-loaded hangers may be used on piping subject to thermal expansion or
contraction. In cases where the movement is very large, or the limitation of reaction and stress
are very severe, constant support spring hangers shall be used.

Suction and discharge lines of rotating equipment shall be supported as close as possible to
equipment nozzles, and shall be relieved of excessive strains by using proper pipe supports.

Supports shall not be directly welded to pipes. Where welding is unavoidable, supports
having the same chemical composition as pipe shall be carefully welded.

All piping shall be properly supported to minimize vibration.

Outlet piping of safety and relief valves shall be supported so that the inlet piping is capable of
withstanding the reaction caused by operation of safety and relief valves. Furthermore, the
supports shall be designed to minimize the stresses due to thermal expansion and the stresses
in the valve body due to the weight of piping.

Expansion joints shall be guided and anchored to the extent necessary for their proper operation
and alignment.

5.3.13.10 Anchors shall provide sufficient fixation to substantially transmit all load effects into the

foundations.

5.3.13.11 Underground piping shall be given special anchoring consideration for differential settlement.

5.3.14
5.3.14.1

Utility Stations

Requisite number of utility stations shall be provided throughout the unit to cater for the utility
requirement. Utility stations shall have four connections one for LP steam (SL), one for Plant Air
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5.3.14.2

5.3.14.3

5.3.14.4

5.3.14.5

5.3.14.6

5.4
5.4.1

5.4.2

54.3

544

5.4.5

5.4.6
5.4.7

5.4.8

(AP) and one for Service Water (WS) and one for nitrogen each of 1.0” with isolation valves
unless otherwise specified in P&ID.

Utility connection with nitrogen shall be provided with NRV along with isolation valve kept at a
separate location other than this cluster @ 15 M.

Air and water lines shall have quick type hose connection and steam line shall have flanged type
hose connection. All connections shall be directed downward. All connections shall have globe
valve for isolation purpose. An inter connection with valve shall be provided between steam and
service water lines shall be provided. Inert gas hose, when required, shall have built in non
return valve in quick connection coupling of piping end.

Number of utility stations shall be such that all equipments shall be approachable from at least
one utility station. The approach of utility station shall be considered 15 M all around the station
location.

The Utility stations shall generally be located adjacent to pipe-rack column.

The utility stations shall also be provided on elevated structures like — technological structure,
operating platforms of vertical equipments etc.

Operating platforms having manholes must have a utility station. Utility station locations shall be
limited to a height of 35 M from H.P.P.

Offsite & Yard Piping

In general, offsite piping (except tank ages area), electrical cable and instrumentation cable shall
also be laid either on pipe rack or pipe sleepers.

Wherever piping is laid on pipe sleepers, it shall have hard surfacing below it keeping a gap of
300 mm from the bottom of the pipes. Hard surfacing should be completed before start of pipe
laying. Width of hard surfacing shall be about 1.0 meter more than the piping corridor. This extra
hard surfacing shall be for movement of operating personnel along the piping corridor.

Pipes at road crossing shall be under culverts in general. Overhead pipe bridges may be used
for areas where pipe racks are provided. Where culverts are not provided, pipe sleeves shall be
used for underground road crossing. Culverts / overhead pipe bridges shall be adequately
designed to take care of future requirements. Minimum 20% extra width shall be provided in all
such structures.

Clearances between lines shall be minimum “C” as given below:
C=(Do+Df)/2 + 25 mm + Insulation thickness(es) where,

Do — outside diameter of smaller pipe (mm)

Df — outside diameter of flange of bigger pipe (mm)

However this ‘C’ spacing between the offsite piping on the rack/sleeper can be suitably
increased so that the lines should not touch each other after insulation / lateral thermal
expansion.

Adequate clearance shall be provided for every long & high temperature lines to avoid clashing
at the bends. See 5.2.2 also for line spacing at ‘L’ bends and loops.

Expansion loops for all lines shall generally be kept at the same location.

Vents shall be provided on all high points & drains shall be provided at all low points. Drain
valves at sleeper piping shall be kept outside the sleeper way if the same is not accessible and
valves shall be put in horizontal only.

Places where piping is extended to make drain valves accessible — 2 nos. of stiffeners,
irrespective of pipe rating, shall be provided.
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5.5 Flare Piping

5.5.1 Flare header shall be sloped towards flare knock-out drum. Only horizontal loop shall be
provided as per requirement to accommodate thermal expansion. The desired slope shall be
ensured throughout including flat loop. Flare header shall be supported on shoe of height
ranging from 100mm to 300mm.

55.2 Proper thermal analysis temperature shall be established including the possibility of temperature
gradient along the line before providing expansion loops. Efforts shall be made to minimize the
number of loops. Flare line between knock out drum and water seal drum shall be designed for
pressure fluctuations and adequately supported to avoid vibrations.

5.6 Underground Piping

5.6.1 Underground steel piping shall be protected from electric corrosion.

5.6.2 Underground piping passing under loaded areas, such as main roads in the plant, shall be
protected from heavy traffic by casing pipes or covers extending at least 1 m on either side of
the area or having the wall thickness sufficient to bear earth pressure.

5.6.3 Underground piping shall be sloped to all drain points with a downward slope of not less than 1
m in 150 m.

5.6.4 Expansion elbows or joints of underground piping for hot fluids, such as steam or heated heavy
oil, shall be enclosed in a conduit from which they are separated to allow free longitudinal
expansion.

5.6.5 The following points to be considered in designing of Underground piping;

i) All Sewage lines (oily and chemical) from catch basin to mains and manholes shall be laid
underground.

ii) Valve chamber wherever required shall be made of brick or concrete. Valve chamber should
be spacious to attend valves during operation/Maintenance.

i) All U.G. headers shall clear equipment foundations as far as possible. Under special cases,
the C.W. header may be laid over the footing of foundations.

iv) Provide break flange at + 500 MM from floor level connection with cathodic protection to
isolate underground pipe from above ground piping with insulating gasket KIT.

v) Pipes shall be laid below electrical cables if any.

vi) Top of underground piping shall be below grade level at least 1 meter deep in case of open
areas and 1.5 meter deep for roads.

5.6.6 All underground pipe work shall be provided with following protection:

i) At location where Underground Piping becomes above ground, Insulating Gasket with
material Glass Filled Teflon shall be provided.

i) Cathodic Protection shall be provided to all underground piping. Specification shall be
submitted by the Contractor & shall be approved by the Owner.

iii) Underground piping shall be wrapped & coated and shall be “Holiday Tested” before Hydro
Test. (For wrapping/coating specification- refer Design Philosophy-Construction/Erection,
Pre-Commissioning, Commissioning and Start-Up).

iv) All underground pipes shall have Sand Bed, at least 150 MM all around the pipe.
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5.6.7

5.7

5.8
5.8.1

5.8.2

5.8.3

5.8.4

5.8.5

5.8.6

5.8.7

5.8.8

v) Underground pipe crossing roads, access ways, and rails shall have Hume Pipe
Sleeves/casing pipe (R.C.C or C.S).

Piping in Trenches

Where it is impossible to run pipe aboveground or underground, trenches may be used.
Trenches for piping close to process equipment should be avoided, whenever possible.

The following points to be considered in designing of trench pipes:

Piping located below grade, requiring inspection, servicing or provided with protective heating.
Fire water lines/Process lines. (Ref Fire Fighting Design Philosophy)

Drain lines requiring gravity flow trenches.

Sump for valves and trenches shall be provided.

Suitable draining scheme for trenches shall be provided.

Air Systems

Branch connections shall be taken from the top of the header. Low points shall be fitted with
drains.

In-Line Instruments

Liquid level controllers and level glasses shall be located so as to be accessible from grade,
platform or permanent ladder. The level glass shall be readable from grade wherever possible.

Relief valves shall be accessible. Relief valves with a centre line elevation over 4.5 M above
grade (expect in pipe racks) shall be accessible from a platform or permanent ladder.

Relief valves that discharge to a closed system shall be installed higher than the collection
header, with no pockets in the discharge line.

Relief valves that discharge to atmosphere shall have tail-pipes extended to a minimum of 3.0 M
above the nearest operating platform that is within a radius of 8 M.

Provide steam traps at pocketed low points and at dead ends of steam headers. Provide steam
traps on excessively long runs of steam piping to ensure dry quality steam at destination. Steam
traps located more than 4.5 M above grade, except in pipe racks, shall be accessible from a
platform.

Control valves shall be accessible from grade or platforms. In general, the instruments or
indicators showing the process variables shall be visible from the control valve.

Orifice runs shall be located in the horizontal. Orifice flanges with a centre line elevation over
4.5m above grade, except in pipe racks, shall be accessible from a platform or permanent
ladder.

Orifice taps shall be located as follows:
i) Air, Gas and steam
Top vertical centreline (preferred)
45 degrees above horizontal centreline (alternate)
ii) Liquid
Horizontal centreline (preferred)

45 degrees below horizontal centreline (alternate)
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5.9

5.10

5.10.1
5.10.2
5.10.3

5.10.4
5.10.5

5.10.6

5.10.7

5.10.8
5.10.9

5.11
5111

5.11.2
5.11.3

5.11.4

5.11.5

5.11.6

5.11.7

5.11.8

5.11.9
5.12

5.12.1

iii) Tap orientation shall be shown on piping isometrics.

Sample Connections

Sample connections shall be accessible from grade or platforms. In general, where liquid
samples are taken in a bottle, locate the sample outlet above a drain funnel to permit free
running of the liquid before sampling.

Vents and Drains

For hydrotest drain & vent philosophy refer annexure-9.
Process vents and drains shall be indicated on the P&ID’s

Vent, drain and sampling valves on process lines, not connected to a piping system, shall be
provided with appropriate end closures.

Vents shall be located at high points of pipelines when necessary.

Drains shall be located at low points to empty pipelines or equipment after testing or during
maintenance (i.e. for every loop).

All drains and vents shall be provided with valve, except that vents for test purpose for flare lines
(header), may be plugged. Exposed threads shall generally be seal welded.

Low-point hydrostatic drains and high-point hydrostatic vents shall be added as required;
locations to be determined during the design review.

Vent valves shall be the globe or gate type and drain valves the gate type.

Valved bleeds shall be provided at control valve stations, level switches, level controllers, and
gauge glasses.

Line Strainers

Provide temporary conical type strainers in 2” NB and above butt weld pump suction lines for
use during start-up. Arrange piping to facilitate removal.

Provide permanent Y-type strainers for pump suction piping below 2” NB Thd Or SW.

Provide temporary basket type strainers located at the suction pulsation device inlet for start-up
of reciprocating compressors. Arrange piping to facilitate removal of the filter.

Provide temporary basket type strainers and locate them as close as possible to the compressor
inlet flange for start-up of centrifugal compressors. Arrange piping to facilitate removal of the
filter.

Allowable pressure drop when specified shall be certified by vendor along with the offer. If asked
specifically, vendor shall furnish pressure drop calculations

All 2" & higher sized Y type strainers shall be provided with 3/4" threaded ,tap and solid threaded
plug as drain connection. For less than 2", this shall be 2 " size.

Bottom flange of Y-type strainer shall not have tapped hole. Full length standard size studs shall
be used for joining blind flange.

For fabricated strainers, all BW joints shall be fully radiographed and fillet welds shall be 100%
DP/MP checked.

All the strainers shall be hydrostatically tested at twice the design pressure

Spectacle Blinds

Spectacle blinds shall be provided to isolate equipment. In hazardous service flanged drop-out
spools shall be provided for safety purposes. Both shall be shown on the P&ID’s.
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5.12.2

5.13

5.13.1
5.13.1.1

5.13.1.2

5.13.1.3

5.13.1.4

5.13.1.5

5.13.1.6
5.13.1.7

5.13.1.8

Spectacle blinds shall be accessible from grade or platforms. Blinds located in a pipe-rack are
considered to be accessible. Blinds that weigh over 40kg shall be accessible by mobile
equipment. Where this is not possible davits or hitching points shall be provided.

Flexibility Analysis and Supporting
Pipe Supporting Criteria & General Guidelines
Piping system shall be properly supported taking into account the following points:
Load of bare pipe + fluid + insulation (if any).
Load of bare pipe + water fill.
Load of valves and online equipment and instrument.
Thermal loads during operation.

Steam-out condition, if applicable.

o g bk w N =~

Wind loads for piping at higher elevation, e.g. transfer lines, column over head lines, flare
headers, etc.

7. Forced vibration due to pulsating flow.

8. Vibration due to two phase flow.

9. Loads due to internal pressure.

10. Any external loads/concentrated loads and cold load of springs.

Pipe supporting shall preferably follow the minimum basic span as given in Annexure-1 except
for flare line in off site on trestles in which case the maximum basic span shall be restricted to
18.0 meters, irrespective of line size.

For sizes not covered in Annexure-1, basic span shall be established based on project
requirement. For piping on rack or sleeper, as a minimum, providing resting support on every
grid of pipe rack / sleeper is mandatory. Depending on the pipe size, as a rule, guides shall be
provided on straight run of pipes at intervals as specified in Annexure-3 unless specifically
becomes non-viable due to flexibility problems.

Additional supports, guides, anchors, special supports like spring supports and sway braces
shall be provided after detailed analysis of piping system to restrict the forces experienced on
nozzles of critical items like pumps, compressors, turbines, exchangers, air fin coolers etc.

For lines which do not need any support otherwise but become unsupported by opening of
flange, etc, during maintenance and thereby may transfer the total load on a small branch off, a
permanent support shall be suitably provided which may be a spring support also. Bare pipes of
size 14" and above on elevated structures shall be supported with pad or shoe. While bare
pipes of size 6" and' above, on sleepers, corrosion pads shall be provided.

Pads shall be provided for insulated pipes before welding the shoes for sizes 8" & above.
Adequate stiffening shall be provided for the following:

a) Lines in above 600#,

b) Lines having two phases flow,

c) Lines having Pulsating flow such as discharge of reciprocating compressors & reciprocating
pumps.

For pulsating flow lines detailed thermal and vibration analysis by analog study shall be done to
decide location of anchor supports and guides etc. Pulsating flow lines shall be as identified by
licensor/owner.
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5.13.1.9 Wherever two phase flow in piping is expected, piping design shall be checked by dynamic
analysis to prevent vibrations.

5.13.1.10 Pipe support design shall be such that deflection in piping systems due to sustained loads shall
not exceed 15mm, in any case, between two adjacent supports.

5.13.1.11 As far as possible long trunnion types of supports (more than 0.5 metre) are to be avoided. In
case long trunnion support is unavoidable in straight length of pipe, trunnion height to be
restricted to 0.5 M and balance height to be made up by providing extended structure.

5.13.1.12 In the heaters where steam air decoking provision is there, the main lines and decoking lines
should be supported in a way so that either of the lines should not be in the hanging position
while connected to other one. Same philosophy shall be adopted for similar type of switch over
arrangement.

5.13.1.13 Piping passing through the technology structure or passing near the concrete column etc. should
have adequate annular space to avoid restriction of line movement during thermal expansion.
The gap should take care the thermal expansion along with insulation thickness.

5.13.1.14 High density PUF blocks shall be considered for cold piping supports. Use of wood blocks shall
be avoided.

5.13.1.15 All pipes supports shall be so designed that there is no undue tension on equipment flanges.
Flange joints should not move away from each other in case of unbolting of the joint.

5.13.2 Flexibility Analysis Criteria & General Guidelines

Formal computer analysis shall be performed on piping systems as per design philosophy for
stress analysis (Refer annexure)

The directions of forces and moments shall be in accordance with Welding Research Council
Bulletin 107 (WRC 107), with the exception that the radial force (P) shall be away from the
vessel. All forces and moments shall be assumed to act simultaneously and apply at the
nozzle/vessel interface.

Air coolers to API 661 shall be specified with Fx forces and Mz moments increased to 1.2 times
the value shown in Figure 8 of APl 661 for nozzle sizes 6’"NPS and larger to simplify piping
flexibility analysis and facilitate piping layout.

Piping stress analysis and equipment nozzle loading analysis shall be in accordance with ASME
B31.3 and the relevant API, ANSI/ISO and NEMA Codes.

5.13.2.1 AP1 610 Pumps

The allowable nozzle loads on centrifugal pumps shall meet the load criteria of APl 610. Heavy
duty base plate shall be specified where the pump design temperature is in excess of 150°C.

5.13.2.2 ASME or Manufacturer’s Standard Pumps

The allowable nozzle loads on horizontal centrifugal pumps design to ASME B73.1 shall be
specified by the manufacturer. For preliminary layout and analysis NEMA SM 23 criteria shall be
used for individual nozzles.

5.13.2.3 Other Horizontal Centrifugal Pumps
The allowable nozzle loads shall meet the load criteria specified by the manufacturer.
5.13.2.4 Vertical Turbine, Can-Types Pumps

The combined bending and tensional thermal stress in the piping attached to the nozzle shall be
limited to 25 percent of the allowable stress range shown in ASME B31.3. The combined stress
due to dead load and other sustained loads shall be limited to 25 percent of the allowable hot
stress.
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5.13.3
5.13.3.1

5.13.3.2

5.13.3.3

5.13.3.4

5.13.3.5

5.13.3.6

5.13.3.7
5.14

5.14.1

5.14.2

5.14.3

5.15

Method of Analysis

Formal computer analysis shall be performed on piping systems as per design philosophy for
stress analysis.

The package used shall be latest version of CEASER / AUTO PIPE / SIMPLEX / CAEPIPE.
Only one of these packages shall be used for the project & not a combination of the above
packages.

All lines shall be analyzed at design | analysis temperature. In the absence of analysis
temperature lines shall be analyzed at design temperature.

However in case of wide difference in design and operating temperature, temperature for
analysis shall be established in process documents. (E.g. flare line)

All non-critical lines may be analyzed using other methods.

Special analysis methods shall be followed for lines involving pulsating flow such as those
connected to reciprocating pumps & compressors which require acoustical plus analog study by
approved agencies and shall require entire system analysis along with piping & equipments.

Seismic analysis shall be done for line sizes 12" and above.

Personnel Protection

Eyewash and emergency safety showers shall be provided in areas where operating personnel
are subject to hazardous sprays, emissions or spills.

Personnel protection shall be provided on un-insulated lines and equipment operating above 70
deg C when they constitute a hazard to the operators during normal operation of the facility.

Leakage indicating tape and spray impingement shrouds shall be provided at flanged joints in
hazardous service.

Mechanical Handling

Handling facilities such as davits and monorails shall be provided on vessels over 10m in height
where the weight of removable internal and/or external equipment is greater than 35 Kg.

6. MATERIALS

6.1
6.1.1

6.1.2

6.1.4
6.1.5
6.1.6
6.1.7

6.1.8

General

Basic material selection of particular line depending on its service, temperature and corrosivity
shall be spelt out in process package. Material specification shall follow the requirements as
specified in PMS as per Licensor's requirement.PMS / VMS shall be supplied by bidder and will
be approved by owner / PMC.PMS shall generally follow the requirements given in this section.

All materials for piping components shall be new and conform to the relevant code and/or
specification.

All plate, sections, pipe, fittings, flanges, valves and special items shall have Material Test
Certificates.

All alloy materials shall have Material Certificates verifying the alloy content.
All bolting and gasket material shall have Letters of Compliance as a minimum.
Only piping materials listed in ASME B31.3 shall be used.

All insulation and gaskets shall be asbestos free. Aluminium or copper alloys shall not be used
for any component in the piping systems.

The use of 1.25Cr-0.5Mo alloy shall be a minimum requirement for piping systems having a
design temperature above 425°C.
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6.1.9
6.1.10

6.1.11

6.1.12

6.1.13

6.1.13.1

6.1.13.2

6.1.14

6.2
6.2.1
6.2.1.1

6.2.2
6.2.2.1
6.2.2.2

6.2.2.3
6.2.2.4

6.2.2.5

6.2.3

All Austenitic Stainless Steel items/parts shall be supplied in solution annealed condition.

For Category ‘D’ utility piping, where scaling and impurities are to be avoided (such as potable
water and deluge water) hot dipped galvanized and threaded fittings may be used in sizes up to
and including 4” NB. Galvanized piping shall not be used in environments containing acids or
other corrosive commodities. In corrosive environments stainless steel piping material shall be
used for such utility systems.

In absence of specific requirement, Natural Rubber shall be used for lining in rubber lined piping
items, wherever applicable. The Vendor shall confirm the suitability of Rubber Material for
specified service. Unless otherwise specified, rubber lining shall be in accordance with 1S4682
Part-1.
Unless otherwise specified, HDPE pipes & fittings shall be in accordance to ASTM D3035/
ASTM D3261/ASTM D3350 or equivalent.

Specification for FRP material

Anticorrosion Barrier of Polymer veil having minimum thickness 2.5 mm shall be provided for
chemical resistance. Mechanical resistance to be sustained by FRP.

The selected nominal pipe wall thickness will include manufacturers full under tolerance, and the
specified corrosion and/or erosion allowance. The pipe thickness will be adequate to resist all
external loads from thermal, mechanical and other sources in addition to the process pressure-
temperature requirements. However the pipe thickness will be according to vendor’'s norms and
standard calculations but not be lower than indicated in DIN 16965 Part 4. External FRP layer
shall be protected against ultra-violet light.

Cast Iron shall not be used as Material of Construction for any piping items like Pipes, fittings,
flanges, valves, fasteners, gaskets, etc.
PIPE

General

Calculation of pipe thickness and branch reinforcement shall be based on requirements of ASME
B31.3. Proper corrosion allowance and mill tolerance shall be considered to achieve the selected
thickness.

Materials and manufacture
Furnace butt-welded, furnace lap-welded, and spiral/Helical welded pipes are not permitted.

Unless exempted, welded pipes shall be acceptable only with longitudinal weld made employing
automatic welding with 100% radiography for all welds.

Double Longitudinal seam 180° apart is allowed for sizes 36" and larger only.

ERW Pipes shall not have any circumferential seam joint in a random length. However , in case
of EFW pipe (48"&above) ,in one random length one welded circumferential seam joint of same
quality as longitudinal weld is permitted which shall be at least 2 meters from either end. The
longitudinal seams of two portions of same random length shall be staggered by at least 90
degree apart and all welds shall be 100% radiographed. However, circumferential seam joint is
permitted only with one longitudinal seam.

When galvanizing specified, it shall be coated with zinc inside and outside by hot-dip process to
ASTM AS53.

Ends

Unless otherwise specified, the ends of piping items shall be to the following standards:
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SW/SCRD : ASME B 16.11

FLANGED : ASME B16.5 and ASME B16.47

THREADING X ASME/ANSI B1.20.1 (NPT, Taper threads)

BW : ASME B16.25

Wall thicknesses 22 mm and smaller shall be as shown on Figure 2a and the 22 mm greater on
Figure 3a in ANSI B16.25.

6.2.4 Inspection and Tests

6.2.4.1 Hydrostatic tests shall be applied to each length of pipe and be in accordance with the
requirements of ASTM A530/A999, as applicable, unless otherwise specified.

6.2.4.2 Water for hydrostatic test of austenitic stainless steel pipes shall not contain chlorides more than
50 ppm in weight.

6.2.4.3 In case of seamless & welded pipes, parent material including weld and heat effected zone for
low temperature service shall be impact tested (on charpy v notch) at the lowest design
temperature in accordance with requirements of code/ specification.

6.2.4.4 All welded pipes indicated as 'CRYQO' & 'LT' shall be impact tested, as per requirement and
acceptance criteria of ASME B31.3. The impact test temp shall be -196°C, -80 °C & -45°C, for
stainless steel, 3-1/2 Ni steel and Carbon steel respectively unless specifically mentioned.

6.2.4.5 Specified heat treatment for carbon steel and alloy steel solution annealing for stainless steel
pipes shall be carried out after weld repairs; number of weld repairs at same spot shall be
restricted to maximum two (2) by approved repair procedure.

6.2.4.6 Transverse tension test shall be carried out on pipes of nominal size 8” and above and thickness
of Sch.120 and above as per supplementary requirements of respective standards.

6.2.4.7 Check analysis shall be carried out as per ASTM A530 for pipes as per ASTM A312 and pipe
size > 8” and thickness > Sch120, Check analysis shall also be carried out as per supplementary
requirement S1 of ASTM-A-312.

6.2.4.8 For seamless pipes, each length of pipe with following specifications shall be ultrasonically
tested as per ASTM E 213 or ASTM A388.

(a) Size upto 4 inches and Sch > 120
(b) Size > 5 inches and thk > 12 mm.

Any defects producing signal greater than the appropriate reference groove shall be
unacceptable. The allowable defect shall be longitudinal flat bottom groove on the outside or
inside surface of the pipes and length not greater than 25 mm, width not greater than 1.6 mm
and depth not greater than the smaller of 1 mm or 5% of the wall thickness.

6.2.5 Marking

Each pipe shall be legibly marked using stenciling or etching on the outer surface of pipes in
accordance with the ASTM or API Standard.

6.3 Fittings
6.3.1 General

6.3.1.1  Thickness of fittings at ends to match pipe thickness for BW fittings. For reducing BW fittings
having different wall thicknesses at each end, the greater one shall be employed and the ends
shall be matched to suit respective thickness.

6.3.1.2 If the branch connections are made by welding the branch pipe directly to the run pipe, the
required reinforcement shall be designed in accordance with the ASME B31.3. For underground
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6.3.1.3

6.3.1.4
6.3.1.5

6.3.1.6

6.3.1.7
6.3.1.8

6.3.1.9
6.3.1.10

6.3.1.11

6.3.1.12

6.3.1.13

6.3.1.14
6.3.2
6.3.2.1
6.3.2.2

6.3.2.3
6.3.2.4

6.3.2.5

6.3.2.6

6.3.2.7

6.3.2.8

6.3.2.9
6.3.2.10

piping, all branches shall be with reinforcement pad of 2 D diameter & thickness similar to
header shall be used.

Long radius butt welding elbows shall be used wherever possible. Unless otherwise specified,
flanged elbows shall not be used.

All welded fittings shall have maximum negative tolerance equivalent to pipe selected.

All welded fittings shall be double welded for size 16” and above. Inside weld projection shall not
exceed 1.6mm, and the welds shall be ground smooth at least 25mm from the ends.

For fittings made out of welded pipe, the pipe itself shall be of double welded type,
manufactured with the addition of filler material and made employing automatic welding only.

All welded fittings shall be normalized for CS and normalized & tempered for AS.

All welded fittings shall be 100% radiographed by X-ray for all welds made by fitting
manufacturer as well as for welds on the parent material.

Bevel ends of all BW fittings shall undergo 100% MP/DP test.

All pipes employed for manufacturing of fittings shall be required to have undergone Hydro test
to ASTM A530/A999, as applicable.

When fluids have the possibility of causing corrosion in crevice, socket welded piping fitting will
not be used.

Miters may be used in Category 'D' service above 6". For other than Category 'D' fluid in 150#
and 300# Class miters can be permitted for sizes above 48". Miters to be designed as per ASME
B31.3. However, use of miters shall be minimum. All miters shall be with 100% Radiography.

Miter bends may be used within the limitations in the ASME B31.3 only where they have been
stress analyzed and subject to approval of OWNER.

Bushings shall not be used.
Materials and Manufacture
Elbows and tees shall not be machined direct from bar stock.

Caps shall be of one piece material without welded seams unless prior written approval by the
Purchaser has been obtained.

Nozzle welded type tees (fabricated type tees) are not permitted except for NPS 60 and larger.

Swage nipples shall be manufactured from seamless pipe in accordance with ASTM A234 or
ASTM A403 as applicable.

Galvanized fittings shall be coated with zinc inside and outside by hot-dip process to ASTM A153
after all forming and heat treatment has been completed.

All bevelling on galvanized fittings shall be made after galvanizing.

Large diameter fittings that the material standards (ASME/ANSI) do not cover in size or shape
shall be designed in accordance with ANSI B31.3 and be manufactured to have the same quality
as the requirements of the applicable material standards.

The gasket contact surfaces of stub ends shall be flat with face finish between 125 AARH to 200
AARH according to ANSI B46.1.

Seamless stub ends shall not have any welds on the body.

Threaded ends shall have NPT taper threads in accordance with ANSI B1.20.1 up to 1.5 NB &
IS: 554 from 2” to 6” NB.
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6.3.2.11

6.3.2.12

6.3.2.13

6.3.2.14

6.3.2.15

6.3.2.16
6.3.2.17

6.3.2.18

6.3.2.19

6.3.2.20

6.3.2.21

6.3.3

6.3.3.1

6.3.3.2

6.3.3.3

6.4
6.4.1

Unless and otherwise specified in the requisition all socket weld and screwed fittings shall be in
accordance with ANSI B16.11 to the extent covered in the specification except for unions which
shall be in accordance with MSS-SP-83.

Special fittings like Weldolet, Sockolet, Sweepolet etc which are not covered in ANSI , MSS-SP,
shall be as per Manufacturer's Std. Contours of these fittings shall meet the requirements of
ANSI 31.3. Manufacturer shall submit drawings/catalogues for approval before manufacturing.

All welded fittings shall be double welded. Inside weld projection shall not exceed 1.6 mm.
However 25 mm from the ends shall be flush smooth.

Specified heat treatment for carbon steel & alloy steel fittings and solution annealing for stainless
steel fittings shall be carried out after weld repairs. Number of weld repair at same spot shall be
restricted to maximum two by approved repair procedure.

All welded stainless steel fittings indicated as “CRYQ” shall be impact tested as per requirement
and acceptance criteria of ASME B31.3. The impact test temperature shall be -196 °C, -101°C &
- 45°C. For Stainless Steel, 3-1/2 Ni steel and carbon steel respectively unless specifically
mentioned otherwise in MR.

Thickness/Schedule lower or higher than specified shall not be accepted.

Finished dimensions shall be in accordance with ANSI B16.9, B16.11 and B16.28. Dimensions
not specified in the standards may be to the Vendor's standards with the Purchaser's approval.

Outside diameters and wall thicknesses shall be in conformance with ASME B36.10 or ASME
B36.19.

Unless otherwise specified on the purchase order documents, end connections shall be as
follows:

Threaded Ends Taper threads as per ASME B1.20.1

Socket-Welding Ends | ASME B16.11

Bevelled Ends ASME B16.25, Figure 2a for wall thickness <= 22mm
ASME B16.25, Figure 3a for wall thickness >= 22mm

Swage nipple dimensions shall be in accordance with MSS SP-95 unless otherwise specified on
purchase order documents.

Dimensional tolerances on fittings shall be within the limit specified in the applicable ANSI or
MSS standards, except that circumferential tolerance at the bevelled end in sizes NFS 26 and
larger shall be within the range of -0.2 to +0.3 percent of the nominal circumferential length.

Marking

Each wrought steel fittings shall be legibly marked using stencilling or etching on the exterior
surface of fittings in accordance with the applicable ASTM Standards and MSS SP-25.

Each forged steel fittings shall be marked using raised letter forging, low stress round nose
stamps or etching on the collar portion of the forging, or the raised boss portion in accordance
with the applicable ASTM Standard and MSS SP-25.

For fittings of NPS 1-1/2 and under, at least material identification shall be marked but other
markings may be on a label or tag.

Flanges

General

FORM NO: 02-0000-0021 F2 REV3 All rights reserved




td@w| | INSTALLATION OF NEW 2500 CUBIC y
PDIL| | METER CAPACITY HORTON SPHERE DOCUMENT NO ReV | o2
[ NFL]

FOR STORAGE OF AMMONIA AT NFL,
NANGAL SHEET 35 OF 69

6.4.1.1

6.4.2
6.4.2.1

6.4.2.2

6.4.2.3

6.4.2.4
6.4.3

6.4.4

6.4.4.1
6.4.4.2
6.4.4.3

6.4.5

The number of flanges in piping systems shall be kept to minimum and should be installed only
to facilitate maintenance and inspection and where construction or process conditions
dictate. They are for instance:

i)  Where pipelines are connected to at connections with flanged equipment and valves.
i)  Where frequent dismantling of piping is required.

iii)  Where clearance for dismantling equipment is required.

iv) Where steel piping is connected to nonmetallic or nonferrous piping.

v) Ring joint type flanges shall be used for flanges of 900 Lb rating or higher, or for design
temperatures exceeding 450°C. This is applicable for all type of service. The flanges can
also be used for lower ratings for service conditions which require higher degree of
tightness.

vi) Ring joint type flanges shall be used for services requiring higher degree of tightness, for
sub zero temp, for ammonia service etc.

vii) All flange joints on piping system including flanges on the equipment, manholes, etc shall be
tightened using Torque wrench | hydraulic bolt tensioner depending upon service criticality.

Materials and Manufacture

All flanges shall be of forged one piece material (seamless), and plate may not be substituted
without written approval from the Purchaser.

Ring type joint groove facing Roughness shall not exceed (side wall surface of gasket groove) 63
AARH.

When galvanizing is specified, forged flanges shall be coated with zinc inside and outside by hot-
dip process to ASTM A153 after all forming and heat treatment has been completed.

All threads on galvanized forged flanges shall be cut after galvanizing.
Dimensions
Flanges shall be designed as follows:
NPS 24 and smaller : ANSI B16.5
Above NPS 24 : ANSI B16.47
Unless otherwise specified, end connections shall be as follows:
- Threaded . Internal taper pipe threads to ANSI B1.20.1
- Socket welding, Slip-on and Lapped joint: ANSI B16.5
- Bevelled : Figure 7 for wall thickness 22mm and smaller
Figure 8 for wall thickness greater than 22mm in ANSI B16.5.
Dimensional tolerances shall be within the limit specified in the applicable standards (ANSI/API).
Inspection and Tests
Any flanges do not require hydrostatic testing.
One tension test shall be carried out for each heat in each heat treatment charge.

Impact test for low temp service shall be carried out at the lowest design temperature and shall
meet the requirements of the applicable material specifications.

Marking & Preservation
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Each flange shall be marked using low stress round nose stamps on the external rim of flanges
in accordance with the applicable ASTM Standards and MSS SP-25.

6.5 Gaskets
6.5.1 Gasket material shall be asbestos free.
6.5.2 Full face gaskets shall have bolt holes punched out.

6.5.3 Non-metallic ring gaskets as per ASME/ANSI B16.21 shall match flanges to ASME/ANSI B16.5
up to 24", and ASME/ANSI B16.47 unless otherwise specified.

6.5.4 Spiral wound gaskets as per ASME B16.20 shall match flanges to ASME/ANSI B16.5 up to 24",
and ASME B16.47 for sizes> 24" unless otherwise specified.

6.5.5 In case of RTJ gaskets, only octagonal section ring gaskets shall be used & shall have proper
marking stamped. Material certificate shall be available for the gasket.

6.5.6 Hardness of RTJ gasket shall be 20 BHN (min) less than the corresponding flange groove
hardness.

6.6 Stud, Bolts, Nuts and Jack Screws

6.6.1 All bolting shall be as per ASME/ANSI 18.2.1 for Studs, M/C Bolts and Jack screws, and
ASME/ANSI B18.2.2 for nuts. Machine Bolts shall not be used in piping flange joint, except for
Butterfly Valves, which shall be lug type, having UNC Threads in lugs facilitating opening of
flanges from both sides.

6.6.2 Threads shall be unified (UNC for; 1" dia and 8UN for> 1" dia) as per ANSI B1.1 with class 2A fit
for Studs, M/C Bolts and jack screws, and class 2B fit for nuts.

6.6.3 Stud bolts shall be threaded full length with two heavy hex nuts. Length tolerance shall be in
accordance with the requirement of table F2 of Annexure 6 of ASME B16.5

6.6.4 The nuts shall be double chamfered, semi-finished, heavy hexagonal type and shall be made by
the hot forged process.

6.6.5 The length of the studs/ bolts should be such that minimum two threads should be out of the nut
on either side.

6.6.6 All the stud bolt should have metallurgical certificates in case of Alloy/ SS metallurgy with
identified color marking at the stud ends/ bolt side face.

6.6.7 For Stainless steel flanges fasteners shall also be of Stainless Steel.
6.6.8 Heads of jack screws and M/C bolts shall be heavy hexagonal type. Jack screw end shall be
rounded.

6.6.9 Tops and Bearing Surface of Nuts in size 5/8 inch nominal size and smaller shall be double
chamfered. Larger size nuts shall be double chamfered or have washer faced bearing surface
and chamfered top.

6.6.10  Wherever bolt tensioning is specified stud bolt length shall be longer by minimum one diameter
do suit bolt tensioner. Excess threads shall be protected by a threaded cap.

6.7 Valves

6.7.1 General

6.7.1.1 All flanged valves (except forged) shall have flanges integral with the valve body.
6.7.1.2 Yoke material shall be at least equal to body material.

6.7.1.3 Valves shall have pure graphite as gland packing material. Asbestos and other gland packing
material shall not be used.
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6.7.1.4
6.7.1.5
6.7.1.6

6.7.1.7
6.7.1.8
6.7.2

6.7.2.1

6.7.2.2

6.7.2.3

6.7.3

6.7.3.1

6.7.3.2
6.7.3.2.1

6.7.3.2.2

6.7.3.2.3

6.7.3.2.4

6.7.3.3

6.7.3.3.1
6.7.3.3.2
6.7.3.3.3

6.8
6.8.1

6.8.2

Forgings are acceptable in place of Castings but not vice-versa.
No Cast Iron/Ductile Iron valves to be used in any service.

Valves in saline water (if applicable) service shall be with non ferrous trims and all wetted parts
other than trims shall be epoxy coated.

All “IBR” valves shall be painted red in body—bonnet / body—cover joint.
Valve body basic MOC shall be equivalent or above basic MOC of connecting pipe.
Valve Dimensions

Face-to-Face/End-to-End dimension shall be as per ANSI B16.10. In case the same is not
covered under B16.10, the dimension shall be as per BS 2080/manufacturer standard.

Hand wheel diameter shall not exceed 750mm and lever length shall not exceed 500 mm on
each side. Effort to operate shall not exceed 35 kgf at hand wheel periphery. However, failing to
meet the above requirement, vendor shall offer gear operation.

Quarter-turn valves shall have "open" position indicators with limit stops.

Inspection and Tests

Shop inspection and tests shall be carried out to APl 598 and related MSS standards.
Radiography of Cast Valves

Radiography procedure, areas of casting to be radiographed, and the acceptance criteria shall
be as per ASME B16.34.

The minimum requirement of radiography shall be as under:
Class Size Qty.
150 Up to 24” 10%
150 26” & above 100%
300 Up to 16” 10%
300 18” & above 100%
600 & above All 100%

The welds of body-to-bonnet and body-to-end flange shall be subjected to 100% NDT; both
radiographic and magnetic or liquid penetrant examinations.

Bevelled ends on each butt welding end valves shall be subjected to 100% radiographic
examination and, magnetic particle or liquid penetrant examination.

Pressure Tests
Each Valve shall be pressure tested in accordance with API 598.
High pressure closure test shall be required for gate and globe valves.

Water for pressure tests on austenitic stainless steel valves and those having internals of
austenitic stainless steel shall not contain chlorides more than 50 ppm in weight.

Special Valves (Orbit, Y-body Globe, Jacketed valves of all types)

Special Valves shall strictly follow the requirements of Valve data sheet, Process data
sheet/Specialty data sheet.

Special Valves shall be made out of 100% radiographic casting/ 100% ultrasound forging.
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6.8.3 Jacketed Valves shall be tested to 100% DP/ MP check on Jacket welding, 100% radiography
test of valve body, 100% hydro test of Jacket.

6.8.4 Large diameter swing check valves shall be equipped with an anti-hunting device, where closing
of the check valve could cause a surge.

6.9 Traps

6.9.1 Vendor shall also furnish the performance curve indicating the capacity hi mass/hour at various
differential pressures across the trap.

6.9.2 Parts subject to wear and tear shall be suitably hardened. Traps shall function in horizontal as
well as in vertical installation.

6.9.3 Traps shall have integral strainers.
6.9.4 All traps shall be hydrostatically tested to twice the design pressure.
6.10 Hoses

6.10.1  Manufacturer shall guarantee suitability of hoses for the service and working conditions specified
in the requisition, if the material is not specified in the Material Requisition for any particular
service.

6.10.2  All hoses shall be marked with service and working pressure at minimum two ends clearly.
6.10.3  Hoses shall be resistant to ageing, abrasion and suitable for outdoor installations.

6.10.4 Complete Hose assembly shall be tested at two times the design pressure

6.10.5 Steam hoses shall be subject to steam resistance test.

6.11 Expansion Joints

6.11.1  The applicable codes are ASME B31.3 and EJMA (Expansion Joint Manufacturer's Association).

6.11.2  Bellows shall be formed from solution annealed sheet conforming to the latest ASTM Spec. Any
longitudinal weld shall be 100% radiographed. The finished longitudinal weld must be of the
same thickness and same surface finish as the parent material.

6.11.3  Circumferential welds are not permitted. Bellows are to be hydraulically or expansion (punched)
formed. Rolled formed bellows are not acceptable. Noticeable punch or die marks resulting from
expansion operation are not acceptable.

6.11.4  No repairs of any kind are allowed on the bellows after forming. Deep scratches and dents are
not acceptable.

6.11.5 The out of roundness shall be limited to + 3mm. This is the max deviation between the max &
min diameter.

6.11.6  The actual circumference of the welding end shall be maintained to + 3mm of the theoretical
circumference.

6.11.7  Apart from the usual requirements, the vendor shall also furnish
-Design calculations to justify stiffness and fatigue life.
-Axial, lateral stiffness, angular stiffness, effective pressure thrust area.
-Installation/maintenance manual.

6.12 Supports & Spring Assemblies

6.12.1  The Material, Design, Manufacture and Fabrication shall be generally as per MSS-SP-58/ MSS-
SP-89 and/or BS 3974.

6.12.2  Testing of springs shall be as per BS1726.
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6.13
6.13.1

6.13.2

6.13.3

6.13.4

6.13.5

6.13.6

6.13.7

6.14
6.14.1
6.14.1.1

6.14.1.2

6.14.1.3

6.14.1.4

6.14.2

6.14.3
6.14.3.1
6.14.4
6.14.4.1
6.14.4.2
6.14.5
6.14.6

NDT Requirements for piping

Classes in 150# for normal service shall be subjected to 10% radiography and 10%DP/ MP test
(for CS&AS) or 10% DP test (for SS).

Classes in 300# for normal service shall be subjected to 20% radiography and 20% DP/MP test
(for CS&AS) or 20%DP test (for SS).

Classes in 600# and above, 100% radiography on weld joints shall be employed. In 100%
radiography classes any fillet welds employed shall have 100% DP/MP test in CS/AS classes
and 100% DP test in SS classes.

For hydrogen and hydrogen bearing hydrocarbon services radiography and DP/MP shall be 50%
in 150# and 300# class ratings.

All oxygen, NACE and any other lethal service shall have 100% radiography on weld joints in all
class ratings. Castings used in these services shall have 100% radiography.

For fire water service, IBR, etc., any statutory NDT requirements, not covered above, shall also
be complied.

Classes in Cat-D service shall be subjected to 5% radiography and 10% DP/ MP test (for
CS&AS) or 10% DP test (for SS).

Special Service Requirements
IBR Service

IBR stands for Indian Boiler Regulation. For steam services, it is statutory obligation to meet IBR
requirements.

For items under IBR, composition restrictions, test reports, painting, etc. shall be as per IBR's
stipulations.

For carbon steel piping items under IBR, the chemical composition shall conform to the following:
Carbon (Max) 0.25%
Others (S, P, Mn) As prescribed in IBR regulation.

The chemical composition condition as indicated in this clause is not applicable for items other
than IBR services.

CRYO & Fire-Safe

For items to be used under cryogenic conditions, temp below - 45°C and those required to be
fire-safe, special designs and tests would be applicable. Pre-qualification criteria need to be
specified before execution of job.

Low Temperature service

Low Temperature Carbon Steel shall be normalized & impact tested.

General requirements

All alloy steel piping items shall be Normalized & Tempered.

All alloy steel and higher alloyed piping material shall be subjected to PMI test.
Inspection of supply items

Inspection authority means the Third Party Inspection Agencies (TPIA) approved by the Owner
to carryout inspection of materials.
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6.14.7  The inspecting authority shall have the right to select random samples for check test and reject
materials, if samples furnished as above and tested as per the specifications fail to meet the
requirement specified.

6.14.8  All the items shall be inspected and tested in the presence of one or more representatives of the
purchaser during various stages of manufacturing. Material shall be considered acceptable for
dispatch only after final certificate of acceptance is issued by the Inspector.

6.14.9 Testing performed in the presence of the purchaser’s representatives shall not relieve the
supplier of their own responsibilities and guarantees and any other contractual obligations.

6.14.10 Quality Assurance plan (QAP) / Inspection Test Plan (ITP) shall be submitted by bidder for
approval by Third Party Inspection Agency (TPIA)/ Owner.

6.14.11 Scope of Inspection by TPIA:

Review (R) of Chemical composition report, Heat treatment chart, Intergranular corrosion (IGC)
test and Non Destructive Examination (RT/UT Report).

Witness (W) of Mechanical Testing: Tensile test, bend test, hardness test, transverse tension
test, Impact test, flattening test etc (as applicable).

Random witness (10% RW): Hydrostatic test, Positive Material Identification (PMI) for
Alloy/Stainless steels, Dye Penetration (DP) / Magnetic Particle (MP) Test, Galvanizing,
Dimensional check, Marking, Visual check.

THERMAL INSULATION OF PIPING

71 This consist of insulation for heat conservation, process stabilization, temperature maintenance,
insulation for steam traced lines, jacketed lines, insulation for electrical traced lines insulation for
fire protection for operating temperatures above ambient temperature for all sizes of lines.
Wherever insulation for personnel protection is mentioned, the same shall be provided
judiciously as per insulation specifications.

7.2 Preformed pipe sections shall be used for all sizes of piping and inspection windows shall be
provided in insulation at critical locations to be decided at the time of execution.

7.3 All materials shall be of high quality and good appearance. Insulation materials shall be of low
chloride content, chemically inert, non sulphurous, rot proof, vermin proof, impervious to hot
water and steam, non-injurious to health and non-corrosive to steel and aluminum (even if
soaked in water at ambient temperatures for extended periods). The use of insulation or
finishing materials containing Asbestos in any form is not permitted.

7.4 The insulation of piping, equipments and vessels shall be carried out with the recommended
insulating materials and the thicknesses as per process design basis. Hot insulation over
austenitic stainless steel surfaces shall be inhibited with sodium silicate as per ASTM C-795.
The inhibited insulation material shall be tested as per ASTM C-692. Restriction of leachable
chloride to 10ppm (max) shall be demonstrated as per the test method ASTM C-871.

7.5 For detailed specification of insulation refer Design Philosophy-Construction/Erection, Pre-
Commissioning, Commissioning and Start-Up.

7.6 Extent of Insulation

7.6.1 Extent of insulation shall be as per final approved P&ID/ Line list /General Arrangement

drawing/Isometrics and vessel and equipment data sheets.

7.6.2 Insulated piping system shall have straight pipe, bends, tees and pipe fittings completely
insulated.

7.6.3 For all cold lines, all steam and condensate lines, all hot oil lines and trace heated & jacketed
lines, the extent of insulation shall include valves and flange joints also.
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7.6.4 For bucket and float type traps the inlet piping and trap shall be insulated.

7.6.5 For thermostatic and thermodynamic traps insulation shall terminate at approx 500mm before
trap.

7.6.6 Instrumentation such as level gauges, level controllers, level switches, dp cells, etc., shall have
their fluid containing sections and associated piping completely insulated.

8. Painting

8.1 Scope of Painting

8.1.1 The following surfaces and materials shall require painting.

a) All un-insulated C.S & A.S piping, fittings, valves, columns, vessels, drums, & storage tanks,
heat exchangers etc. including painting of identification marks on insulated lines.

b) Identification colour bands on all piping as required including insulated aluminium clad,
galvanized, SS and non ferrous piping.

c) Pipes, fittings & valve surfaces under insulation of carbon steel and alloy steel insulated
piping system.

d) Pipes, fittings, valves surfaces under insulation of stainless steel insulated piping system.
e) All structural steel works, supports, walkways, handrails and platforms etc.
8.1.2 The following surfaces and materials shall not require painting:
a) Un-insulated austenitic stainless steel and higher alloy piping.
b) Plastic and plastic coated materials.
¢) Non ferrous material like aluminum, galvanized, brass, bronze piping etc.
8.2 Colour Coding

Painting work shall require satisfying the requirements of the area where the plant is being setup.
All painting and color coding shall be as per local painting manual.

8.3 Surface Preparation & Painting Application
Surface preparation and painting application shall be as per Std Specification

No surface shall be coated in rain, wind or in environment where injurious airborne element
exists, where surface temperature is below 5 deg F above dew point, where relative humidity is
greater than 90% and temperature is below 40 deg F.

Paint application shall follow the strict instruction of paint manufacturer whose paint is being
employed.

All procedures from surface preparation to finish painting; including testing shall be well
documented through a quality procedure approved by PMC/OWNER.

8.4 Painting Materials

As per STD Specification (Refer Civil/Construction Section of Document)
9.0 WELDING
9.1 Applicable Codes & Standards

All welding work, equipment for welding, heat treatment, other auxiliary functions and the
welding personnel shall meet the requirements of the latest editions of the following accepted
standards and procedures.

a) Process Piping : ASME B31.3
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b) The Indian Boiler Regulations 1 IBR

In addition, the following codes and specifications referred in the code of fabrication shall be
followed for the welding specifications, consumable qualifications and non destructive test
procedures.

i)  Welding and Brazing Qualifications ASME BPV- Sec IX.
i) Non destructive examination ASME BPV Sec V.
iii) Material specifications: Welding rods, electrodes and filler metals ASME BPV Sec Il Part C.

The additional requirements mentioned in this specification, over and above those obligatory as
per codes, shall be followed wherever specified.

Welding Processes

Welding of various materials shall be carried out using one or more of the following processes
with the approval of the Engineer-in-charge.

- Shielded Metal Arc Welding process (SMAW)
- Gas Tungsten Arc Welding process (GTAW).

Automatic and semi-automatic welding processes shall be employed only with the express
approval of the OWNER / PMC. The welding procedure adopted and consumables used shall be
specifically approved.

A combination of different welding processes could be employed for a particular joint only after
duly qualifying the welding procedure to be adopted and obtaining the approval of OWNER/
PMC.
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ANNEXURE -1
TABLE OF BASIC SPAN
PIPE- VAPOR PIPE- LIQUID BARE PIPE BARE PIPE WATER [
INSULATION INSULATION EMPTY FILLED 'p?ns'ze
BASIC SPAN (L)M BASIC SPAN (L)M '
Zli:: SCHIThk | © ° o |4 - -
. o O o O
m | ™ Rk | PoRol R P |Ro| 5 | Es| 3 | Es
S Sk ol 5 | P2blOg = o9 =1 53
v e | vH | o < X < X
5 ST 5T E |E7 ST & |3 5 | 3
o} -]

3/4" | SCH40 | 35 35 | 25 | 35 | 30 | 20 45 1.68 40 2.04 304"
T | SCH40 | 45 40 | 30 | 45 | 35 | 30 50 2.52 45 3.07 1
1-1/2" | SCH40 | 50 50 | 45 | 50 | 45 | 35 6.0 4.08 50 54 112"
2" | SCH40 | 55 50 | 45 | 50 | 45 | 35 85 547 55 7.65 2"

2-
SCH40 | 65 60 | 50 | 60 | 55 | 45 75 8.7 6.5 1179 | 2-112"
112"
3" | SCH40 | 75 65 | 55 | 65 | 60 | 50 8.0 11.35 65 16.15 3"
4" | SCH40 | 80 75 | 65 | 75 | 7.0 | 6.0 9.0 16.2 75 24.45 4
6" | SCH40 | 100 | 95 | 85 | 90 | 80 | 75 10.5 283 9.0 46.7 6"
8 | SCH40 | 120 | 110 | 100 | 100 | 100 | 9.0 120 | 4284 10.0 75.22 8"
10" | SCH40 | 135 | 130 | 120 | 115 | 105 | 105 | 140 | 60.74 115 111.9 10"
12 | 3/8"w | 145 | 135 | 130 | 120 | 115 | 110 | 150 | 74.40 12.0 1475 12"
14" | 3/8°w | 150- | 145 | 135 | 120 | 120 | 115 | 16.0 82.5 125 172.05 14"
16" | 3/8'w | 160 | 155 | 145 | 130 | 125 | 120 | 17.0 945 13.0 213.15 16"
18" | 3/8'w | 170 | 165 | 150 | 13.5 | 130 | 120 | 180 | 1065 135 2583 18"
20" | 3/8'w | 180 | 175 | 160 | 140 | 135 | 125 | 190 | 1185 14.0 307.5 20"
24" 38w | 200 | 190 | 175 | 145 | 145 | 130 | 21.0 1425 15.0 41822 24"
34" | SCH80 | 35 35 | 25 | 35 | 30 | 20 4.5 2.20 4.0 2.49 304"
1" | SCH80 | 45 40 | 30 | 45 | 35 | 30 50 3.25 45 372 1"
1-
SCH80 | 5.0 50 | 45 | 50 | 45 | 40 6.0 5.45 5.0 6.60 1112
112"
2" | SCH80 | 6.0 50 | 45 | 55 | 50 | 4.0 6.5 753 6.0 9.45 2"
2-
SCH80 | 65 60 | 55 | 60 | 60 | 50 75 11.49 6.5 14.25 2-1/2"
112"
3" | SCH80 | 75 65 | 60 | 65 | 65 | 6.0 8.0 15.37 7.0 19.66 3"
4" | SCH80 | 80 80 | 70 | 75 | 75 | 65 9.0 22.47 8.0 29.94 4"
6" | SCH80 | 105 | 100 | 90 | 95 | 90 | 85 105 | 42.90 95 59.85 6"
8" %W 120 | 115 | 105 | 105 | 100 | 100 | 120 | 65.10 11.0 94.8 8"
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10" %W 135 | 130 | 120 | 115 | 115 | 105 | 140 | 8220 12.0 130.69 10"
12" W 145 | 135 | 130 | 125 | 120 | 115 | 150 | 9813 13.0 168.64 12"
14" %W 150 | 145 | 135 | 130 | 125 | 120 | 160 | 108.15 135 194 4 14"
16" W 160 | 155 | 150 | 135 | 130 | 130 | 17.0 | 1242 14.0 240.0 16"
18" %W 175 | 170 | 160 | 145 | 140 | 135 | 180 | 14025 145 286.64 18"
20" %W 180 | 175 | 170 | 150 | 145 | 140 | 190. | 1575 15.0 341.8 20"
24" %w | 200 | 190 |185 | 160 | 150 | 150 | 210 | 18825 16.0 458.44 24"
1" 10S 40 35 | 30 | 40 | 30 | 25 45 2.08 40 27 1
- 10S
5.0 45 | 35 | 45 | 40 | 30 55 3.12 5.0 4.57 1-112"
112"
2 10S 50 45 | 35 | 45 | 40 | 30 6.0 3.94 55 6.33 2"
2- 10S
6.5 55 | 45 | 55 | 50 | 45 7.0 5.26 6.0 8.85 2-1/2"
112"
3" 10S 7.0 60 | 50 | 60 | 55 | 50 75 6.45 6.0 11.91 3"
4 10S 75 70 | 60 | 6p | 60 | 60 8.0 8.34 7.0 17.87 4
6" 10S 95 90 | 80 | 80 | 75 | 75 100 | 13.82 85 3454 6"
g 10S 110 | 105 | 100 | 95 | 95 | 85 115 | 19.94 10.0 555 8"
10" 10S 125 | 120 | 110 | 105 | 100 | 95 13.0 | 27.53 11.0 834 10"
12" 10S 140 | 130 | 120 | 110 | 110 | 100 | 145 | 36.00 115 1146 12"
1" 105 145 | 140 | 130 | 115 | 110 | 110 | 155 | 41.18 115 1326 14"
16" 10S 165 | 145 | 140 | 120 | 115 | 115 | 165 | 47.33 125 1722 16"
18" 10S 165 | 155 | 145 | 125 | 125 | 115 | 175 | 53.18 13.0 212.1 18"
20" 10S 175 | 165 | 155 | 130 | 130 | 120 | 185 | 6850 13.0 264.5
20“

24 10S 19.0 | 180 | 17.0 | 140 | 135 | 125 | 205 | 94.37 14.0 376.8 24
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ANNEXURE — 2

ACCESSIBILITY FOR VALVES AND INSTRUMENTS

VALVES, INSTRUMENTS,
EQUIPMENT TO BE

CENTRELINE OF ITEM TO BE
OPERATED, LOCATED LESS

CENTRELINE OF ITEM TO
BE OPERATED, LOCATED

OPERATED THAN 3.6m ABOVE GRADE, 2.75 | MORE THAN 3.6m ABOVE
m ABOVE FLOOR OR PLATFORM | GRADE, 2.75m ABOVE
OR 1.8m ABOVE WING FLOOR OR PLATFORM OR
PLATFORM 1.8m ABOVE WING

PLATFORM

EXCHANGER HEADS NIL PLATFORM

OPER.VALVES 2" & SMALLER FIXED LADDER FIXED LADDER

OPER. VALVES 3" & ABOVE PLATFORM PLATFORM

MOTOR OPERATED VALVES PLATFORM PLATFORM

CONTROL VALVES PLATFORM PLATFORM

RELIEF VALVES 2" & SMALLER | FIXED LADDER FIXED LADDER

RELIEF VALVES 3" & ABOVE PLATFORM PLATFORM

BLOCK VALVES 2" & SMALLER | PORTABLE LADDER PLATFORM

BLOCK VALVES 3" & ABOVE PLATFORM (NOTE-1) PLATFORM (NOTE-1)

BATTERY LIMIT VALVES PLATFORM PLATFORM

PRESSURE INSTRUMENT

FIXED LADDER IF ABOVE 2.2m
HEIGHT

FIXED LADDER

TEMPERATURE INSTRUMENT

FIXED LADDER IF ABOVE 2.2 M
Ht

FIXED LADDER

SAMPLE POINTS PLATFORM PLATFORM
GAUGE GLASSES FIXED LADDER FIXED LADDER
LEVEL CONTROLLERS PLATFORM PLATFORM
PROCESS BLINDS AND PORTABLE LADDER | PLATFORM
SPACERS 2" & SMALLER PLATFORM

PROCESS BLINDS AND PLATFORM PLATFORM
SPACERS 3" & ABOVE

MANWAYS/MANHOLES PLATFORM PLATFORM
HANDHOLES/INSPECTION PLATFORM PLATFORM
HOLES

NOZZLES (process} PLATFORM PLATFORM
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VESSEL VENTS PORTABLE LADDER FIXED LADDER
LINE DRAINS & VENTS PORTABLE LADDER PORTABLE LADDER
ORIFICE FLANGES PLATFORM (NOTE-1) PLATFORM (NOTE-1)

NOTE-1: BLOCK VALVES / ORIFICE FLANGES, IF LOCATED, WITH CENTRE LINES GREATER
THAN 2 METER FROM THE OPERATING FLOOR, OPERATING PLATFORM SHALL BE PROVIDED
WITH PORTABLE PLATFORM OR CHAIN FOR OPERATION.

NOTE-2: PLATFORM SHALL BE PROVIDED FOR THE ORIFICE FLANGES ON PIPE RACK.
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ANNEXURE-3

MAXIMUM SPACING OF GUIDES FOR VERTICAL & HORIZONTAL PIPES

NOM PIPE SIZE VERTICALSPACING HORIZONTAL SPACING
IN INCHES METRES METRES
1 6.0 6.0
1% 6.0 6.0
2 6.0 6.0
3 8.0 12.0
4 8.0 12.0
6 8.0 12.0
8 8.0 12.0
10 12.0 18.0
12 12.0 18.0
14 12.0 18.0
16 12.0 18.0
18 12.0 18.0
20 16.0 18.0
24 16.0 18.0
26 & ABOVE 16.0 18.0
NOTES:-
1. These spacings may be varied to suit column spacing of rack. The above spacing is for straight

runs of pipe & does not include guides which are used for control of thermal movements, as decided by
stress group.

2. The guide spacings given in the above table are indicative only.
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ANNEXURE - 4

CLEARANCES

Minimum clearances for piping, equipment, structures, platforms, and supports shall be in accordance
with the following table:

Item Description
Roads Headroom for prl.mary gccess roads wherever heavy duty 9M
crane movement is required.
Headroom for primary access roads 7.5M
Width of primary access roads excluding shoulders. Refer Civil
Headroom for secondary roads 5M
Width of secondary roads excluding shoulders. Refer Civil
Clearance from edge of road shoulders to platforms,
equipment, pipe associated with equipment, or similar | 1.5 M**
features.
Maintenance Aisles at | Horizontal clearances for equipment maintenance by
. . 3M
Grade hydraulic crane (12t capacity)
Vertical clearance for equipment maintenance by hydraulic
; 3.6 M
crane (12t capacity)
Horizontal clearance for fork lift and similar equipment 24 M
(2500 kgs capacity) '
Vertical clearance for fork lift and similar equipment (2500 24 M
kgs capacity) '
Horizontal clearances for equipment maintenance by
portable manual equipment (A-frames, hand trucks, dollies | 1 M
or similar equipment)
Vertical clearances for equipment maintenance by portable
manual equipment (A-frames, hand trucks, dollies or similar | 2.4 M
equipment)
Walkways Horizontal clearance (not necessarily in a straight line) 750 mm
Headroom (except for hand wheels) 22M
Platforms Minimum width 1200mm
Headroom from stairwell treads. 22M
Minimum clearance around any obstruction on the platform. | 500 mm
Platforms Headroom 22M
Maximum vertical distance between platforms 6 M
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Item Description
Minimum toe clearance behind a ladder. 210 mm
Minimum handrail clearance. 100 mm
Equipment Minimum maintenance §pace required b_etwe_en flanges of 500 mm
exchangers or other equipment arranged in pairs.
Minimum ma.untenance space required for structural 300 mm
members or pipe.
Clearance from edge of road shoulder (the extreme 15M
projection) '
Fired Equipment Horizontal clearance from hydrocarbon equipment (shell to 15 M
shell)
Exception: Reactors or equipment in alloy systems shall be
located for the most economical piping arrangement.
Clearance from edge of road to heater shell. 3M
Valve Hand wheels Clearanf;e between the outside of the hand wheel and any 25 mm®
obstruction.
. Clearance between the outside diameter of the flange and .
Pipe (aboveground) . . o : 25 mm
the outside diameter of pipe insulation.
Clearance between the outside diameter of the pipe, flange .
. . 50 mm
or insulation and a structural member.
Clearance between the outside diameter of the flange and .
. . . 25 mm
the outside diameter of bare pipe.
Minimum distance from underside of pipe to grade or 300 mm
platform.
Control Valve Arrangement | Centreline of control valve above grade or platform. 450 mm
Minimum centreline of control valve from face of column or
600 mm
wall.
Where process conditions require steam or hydrocarbon
vapours to be discharged to atmosphere at a safe location,
the tail pipe shall terminate as below:
Distance above nearest operating platform. 3M
Within radius of nearest operating platform. 75M

** Verify conformance with local regulations.
* With full consideration of thermal movements
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ANNEXURE-5
JOB SPECIFIC REQUIREMENTS
fll ITEM Job Requirement Remarks
o
1 Equipment spacing (ISBL) As per Piping Design basis.
2 Minimum pipe rack width 4m/ | 10 M for Main Rack
6m/8m/10m/12m in single bay AM/ 6M/ 8M for Sub Racks.
3 Spare capacity on Rack Provision of 20% on each tier for
future modifications.
4 Cooling Water Lines Generally on rack up to 16"
Underground above 16"(in specific
cases, lower sizes may also go
Underground depending on layout)
5 Minimum height of sleeper due | 300 mm for pavement area
to maintenance requirement 500 mm for unpaved area
6 Fin-fan cooler location On pipe rack and/or technological As per Equipment
structure access to be provided Layout,
7 Location of pumps: - Inside pipe rack as far as possible
In units with concrete slab below Air cooler. Refer cl. 5.2.11.2
- For, smaller width (4M, 6M & 8M)
rack, pumps shall be outside or on
one side of rack portal.
8 Requirements of monorail on
Pumps: Required for motor rating 45 KW
under pipe rack/shed- and above for all pumps.
Open area- None
9 Requirement for exchanger However, required head
bundle removal Monorail & chain pulley block Room -| forr] ” mlstalllgg
a) Hydro extractor required at Technical Structures. monorat _ shall also , ©
kept in Technical
Structures.
b) Monorail & chain pulley Where Hydro extractor mobility is
block difficult in running plant.
10 Battery limit valves operation Elevated platform provided at
Battery limit.
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11 Pipe way road crossing Overhead pipe bridges At B/L with access.

12 Electrical cable routing | Refer Electrical Design Basis.
underground | Above ground:

- ISBL
- OSBL

13 | Any requirement of statutory | All statutory requirements e.g.
approval. IBR/PCB/CCE and others

14 Instrument cable routing Refer Instrumentation
ISBL & OSBL Design Basis.

15 | Safety shower / eye wash. Required. As Per PID
(in case of chemical/catalyst
handling system)

16 Requirement of elevators. Yes.

17 | Connectivity of all platforms at | Yes. Adjacent columns/
higher elevations for tall technological Structures/
columns (ie. between columns rack must be connected
& technological structure and at minimum two
between columns & rack). locations.

18 | Compressor/blower house for With additional auxiliary
ISBL as well as OSBL hook for light wt handling

. maintain ace platt shall
a) location
) a) Under Shed be provided across full
b) Maintenance requirement b) E.O.T. width with cat ladder at
each end

19 | Instrument Air Drier Shed Yes

20 Insulation material As per process design basis.

a) Hot /Tracing/safety
b) Electrical tracing
c) Cold

21 Painting System Refer Std Specification (Civil)

22 Method of surface preparation Blast Cleaning
a) Mechanical tools
b) Blast cleaning

23 | Sand blasting/Grit blasting Grit Blasting
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24 Painting of SS pipes ****As Per Specification Wherever painting is not
below insulation specified, Aluminum/ SS
foil as per piping design
basis shall be used.
25 | Specific colour coding | Client agreed
requirements.
26 | Usage of IS grade material. No
27 Usage of asbestos gasket. No
28 | Provision for high settlement in
tank farm:
?) Usage of dresser coupling Flexibility of Piping.
in tank farms.
b) Flexibility of piping.
29 | Steam tracing type Standard module for steam
distribution and condensate
collection manifolds with integral
glandless piston valve & trap and
carbon steel tracer pipe.
30 | Bulk Material Client agreed vendor list.
31 Engineering Drawing Mode Electronic & Hard Copies also
required
32 | Specific software package for | 3-D Models, capable of model
engineering drawings review and walk through.
-AutoCAD and AP-ISO
-PDS/SP 3D with Isogen
-Auto Plant Designer with
Isogen or AP-ISO
-PDMS with Isogen
-AutoCAD
33 | Material Control System
34 | Item Coding system
35 | Stress Analysis Package CEASER Il (Latest Version)
36 | Access to Nozzles of columns | Platforms for all Nozzles.

FORM NO: 02-0000-0021 F2 REV3

All rights reserved




& | @ INSTALLATION OF NEW 2500 CUBIC \.,
PDIL METER CAPACITY HORTON SPHERE DOCUMENT NO REV WW
FOR STORAGE OF AMMONIA AT NFL,  NFL|
NANGAL SHEET 53 OF 69
37 Staircase / Ladders for tall | Ladders for columns/staircases for
column/reactors. reactors
38 | Provision of breakup flanges for | Wherever necessary.
removal of tube bundles of heat
exchangers.
39 | Height of pipe support | 150 mm from FGL
pedestals
40 | Mandatory Bulk Material | As per mandatory spares.
Escalation
41 Cathodic Protection of Tankage | Required (Refer Electrical Design
and U/G Piping Basis)

42 Cast iron valves Cast Iron Valves not to be used.

43 Pump Suction strainers As per Cl. 5.3.6.6 &5.3.6.7 However, licensor’s
requirements, if any,
may be considered with
approval from owner /
PMC.

44 Two phase flow line analysis Both static and dynamic analysis

required.

45 Connectivity of the | Technological structure to be

technological structure Interconnected.

46 Usage of check valves. Wafer dual plate and swing check | Unless specifically

valves required by process

47 Traps on steam lines. Thermodynamic for line traps and

Thermostatic for steam
NOTE:- THE JOB SPECIFIC REQUIREMENTS GIVEN ABOVE SHALL BE CONSIDERED

FINAL IN CASE OF ANY CONFLICT WITH THE MAIN BODY OF DESIGN BASIS.
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ANNEXURE - 6

1.0

2.0

3.0
3.1

3.2

3.3

3.4

DESIGN PHILOSOPHY FOR STRESS ANALYSIS

PURPOSE

This design basis deals with the subject of Identification of Stress Critical pipelines and
preparation of Critical line list. This procedure also defines the minimum requirements for
performing stress analysis, design and location of spring, support and level of system analysis
with the extent of documentation required for flexibility analysis.

Purpose of piping stress analysis is to ensure:

Safety of piping and piping components

Safety of connected equipment and supporting structure
Piping deflections are within the limits

SCOPE

This specification covers the supply of engineering services to perform a complete piping and
pipe support analysis for piping systems.

DEFINITIONS
CRITICAL LINES / CRITICAL LINE LIST

Critical lines or Critical Line List as referred to in this procedure relates to Piping Stress Critical
Lines and does not include or refer to process critical lines.

STRESS ANALYSIS TEMPERATURE

Stress Analysis Temperature refers to either “Maximum Operating Temperature” or “Steam-out
temperature / hot nitrogen purging temperature” of the lines under review whichever is higher. In
absence of the above values, it refers to the Design Temperature of the line under review. The
Line List should be strictly followed in obtaining the above temperature values.

DESIGN PRESSURE

Design Pressure refers to the “Design Pressure” of the line under review as indicated on the Line
List. Design Pressure is as defined in clause 301.2 of ASME B31.3.

TEMPERATURE FOR FLEXIBILITY ANALYSIS

The temperature to be used for the flexibility analysis shall be taken as the maximum / minimum
temperature which the pipe will see under any combination of different normal / abnormal
operating conditions, as defined in clause 301.3 of ASME B 31.3. Where piping is exposed to
direct sunlight, solar radiation temperature of 70 O C is considered in establishing the maximum
temperature of piping. Even, for non-critical piping exposed to direct sunlight on pipe rack or
elsewhere, expansion loops, wherever essential, are provided to take care of pipe movements
resulting from piping skin temperature due to solar radiation.

In general, unless there is a difference of more than 50 0 C between working Temperature and
the design temperature, the design temperature should be taken as Flexibility temperature.
Ambient Temperature shall be considered as 21°C the assumed piping installation temperature.
The displacement stress range from this installation temperature to the minimum recorded
ambient temperature of 00 C being less than the same from installation temperature to the
maximum operating temperature of hot piping in most cases, the later governs as per clause
319.2.3 of ASME B 31.3
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4.0

4.1

4.2

4.3

4.4

The temperature under fire condition is normally not considered for flexibility analysis.
SELECTION

A line is selected and listed as a Critical Line provided it falls under any one of the categories
defined below and is intended to include the special requirements of Piping Stress Engineer. It is
hence defined as any line for which a flexibility review is required or where pipe supporting is
deemed to be critical and needs review by a Stress Engineer. Line DN 50 and smaller is
inherently flexible and is not normally considered critical unless built from non-metallic or non-
ferrous materials. In case of more than one applicable line size, larger line size governs. Lines
are classified as Level |, Level Il & Level lll according to the criteria listed below.

Level | [EXTENSIVE ANALYSIS]

Piping systems or lines that meet Annexure-7A criteria are deemed to be extremely critical.
These lines are categorized as Level | and require careful study to ensure that the code
compliance is met and the accurate determination of nozzle and support loads have been made.
The routing of these lines is very important. They must be analyzed in the early stages of the
project during routing studies so that the impact on the location of less critical lines is minimized.
Normally, these systems require computer analysis. The general intent of the Level | analysis
criteria is to study lines size DN 80 & larger that are affected by thermal expansion and / or a
dynamic response, and that can’'t be evaluated by a weight-only analysis (as per the general
intent of Level Il analysis). Consideration has to be given to other special situations that
augment the Level | general intent guidelines such as for lines that are excessively large and
stiff.

Level Il [NORMAL ANALYSIS]

Piping systems or lines that meet Annexure-7B criteria are moderately critical lines and often do
not require such rigorous study to ensure code compliance or accurate determination of nozzle
and support loads. These lines are smaller in size and operate at lower temperatures (in general)
than the lines to be analyzed using Level | Criteria. Normally, only manual calculations, by use of
appropriate monographs are required for analysis of these systems.

Level IIl [MINIMUM ANALYSIS]

All lines that are outside the purview of Level | or Level Il criteria will be classified as level Il and
shall be reviewed by the Piping Engineer during the squad check of the piping drawings and or
fabrication Iso’s. If more detailed analysis is required, the Piping Engineer may change the level
of analysis during the squad check as applicable. Normally, only visual analysis is required for
these systems.

LINES DEEMED TO BE SUPPORT CRITICAL

Lines subjected to two-phase flow.

Cross country pipelines.

Lines with pipe thickness Sch 160 or greater.

Lines DN 400 and above with pipe thickness less than 8 mm.

Lines DN 250 and above with corrosion allowance 3 mm and above.
Lines with high concentrated loads such as heavy valves or fittings etc.
Lines downstream of Relief Valve / letdown Control Valves / bursting (rupture) discs.
Connecting to vent or flare systems or discharging to atmosphere
Liquid Blow down Lines.

Lined pipes

FORM NO: 02-0000-0021 F2 REV3 All rights reserved




® DESIGN PHILOSOPHY- PIPING 2B INFLNEA P50l o
& | @ INSTALLATION OF NEW 2500 CUBIC \.,
PDIL METER CAPACITY HORTON SPHERE DOCUMENT NO REV WW
FOR STORAGE OF AMMONIA AT NFL, I NFL
NANGAL SHEET 56 OF 69

Non-metallic pipes
4.5 LINES NEEDING DYNAMIC ANALYSIS

There are instances where in the frequency of the applied load is comparable to the natural
frequency of the piping system. Such systems tend to store the energy and release it according
to certain scientific laws. Such a system is dynamic in nature and the study of the response of
such a system is referred to as “Dynamic Analysis”. Examples of such kind of systems are Relief
Valve discharge lines, water hammer and surge in pipe lines, two phase flow in pipelines,
reciprocating pumps and compressor piping, submarine piping etc.

4.6 SPECIAL PIPING

Special piping forming part of heater internal piping, etc. are treated as proprietary piping and
nozzle loading at the Interface connections are to be co-ordinated with vendor.

5.0 RELATED DOCUMENTATION
5.1 CRITICAL LINE LIST FORMAT

The critical line list shall be prepared from the project line list document by inserting following
relevant fields such as Stress level, stress package no., stress analysis temperature, support
critical nature of the line, dynamic loadings, steam out / purge temperature etc.

The list shall reflect analysis status of line that includes its input received date from design &
output handover date to design and specific remark if any.

5.2 LINES AFFECTING THE FLEXIBILITY OF CRITICAL LINES

Non-critical Lines found to affect the flexibility of critical lines which have not been included
during the initial review are subsequently added to the Critical Line List.

Non-critical Lines on which advice may be sought by the Lead Piping Engineer are not normally
entered into the Critical Line List but covered verbally, or by a memorandum if a record is

required.
6.0 PIPE STRESS ANALYSIS AND SUPPORTING
6.1 Piping system shall be properly supported taking in to account of the following points:

Piping stress analysis shall follow ASME B 31.3 and shall be complete to prevent overstressing
of the pipe during operating conditions with wind and seismic loadings. During sustained,
occasional (wind and seismic) & thermal expansion loading on piping, the material allowable
stresses shall be as per ASME B 31.3 for ASTM materials. For DIN material specifications the
allowable stress values shall be calculated as per ASME B 31.3 clause 302.3.2(d), wherein yield
strength and ultimate strength values at temperature shall be taken from DIN material standards.
For DIN material specifications, the other material properties viz. elastic modulus, density,
coefficient of thermal expansion shall be taken from the respective DIN material standards.

6.2 Analysis shall include, but not be limited to the following; thermal, dead weight, internal pressure,
wind and seismic, and a combination of these based on ASME B 31.3.

6.3 Piping shall be designed in accordance with the Indian Standard criteria for earthquake
resistance design for structures IS: 1893 for seismic zone-IV (refer project design basis). As a
minimum, two (2) orthogonal horizontal components and a vertical component of ground motion
will be considered in the seismic analysis. For American standard, loading applied to piping
would be in accordance with uniform building code (UBC).

The equivalent horizontal static force method shall apply in general .The contractor shall also
carry out special designs and provisions as necessary for piping which is considered to be
dynamically sensitive to earthquake.
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6.4

6.7

6.8

6.9

Seismic analysis to be performed for lines equal to and above 12”. Seismic load case shall
ALGEBRIC combination with operating cases.

Heavy rigid masses like valves shall be restrained in their vicinity to avoid large seismic
movements. Guides or snubbers as the case may be used for this purpose.

Horizontal seismic coefficient (Ah) to be considered as 0.26 and Vertical (Av) to be considered
as 0.173.

Wind loads shall be calculated in accordance with 1S-875 code of practice for structural safety of
building — Loading Standards for Indian code requirement using basic wind speed as mentioned
in project design basis. For American standard, wind load in accordance to ASCE 07 shall be
calculated. Reduction in velocity pressure due to apparent shielding afforded by buildings and
structure or terrain shall not be permitted.

Wind loading shall only be considered for lines larger than 20” OD at elevation higher than 10m
above grade. Displacements due to wind and earthquake should be limited to 50 mm.

Both the horizontal directions shall be analyzed independently in two cases
+X, -X, +Z, -Z
Wind and seismic loading will not occur simultaneously.

Analysis of all nozzles loading on vessels within the piping boundaries is covered in this
specification. Nozzle analysis shall follow the guidelines of ASME Section VIII, Division 1, and
WRC 297 & 107 (latest editions). Nozzle stresses shall fall within the allowable per ASME.

6.6 Piping system shall have sufficient flexibility to avoid leakage at joints. Flanged joints
imposed by external moments may be analyzed and the stresses evaluated by using the
methods of equivalent pressure given in the ASME boiler and pressure code section lll. Flange
leakage shall be assessed as per “Pressure Equivalent Method”. In case of Failure in Pressure
Equivalent Method, the Flanges shall be checked for leakage using Caesar Flange leakage
Module. Flange leakage shall be assessed for all PSV flanges, Control valve flanges, High
Pressure lines, and all steam lines. Also for equipment flanges where loads are high.

All forces on connections to equipment shall not exceed maximum allowable as specified by
equipment vendor.

Pipe supports loads shall be based on the maximum loads determined by the piping analysis.
Adjustments shall be made to the piping system and model such that the pipe supports loads are
within a reasonable uniformity throughout the piping system.

Various Load cases built in Caesar |l to check stress in piping system are listed below.

1 WW+HP HYD
2 W+T1+P1 OPE
3 W+T2+P1 OPE
4 W+T1+P1+U1 OPE
5 W+T1+P1+U2 OPE
6 W+T1+P1+U3 OPE
7 W+T1+P1+U1 OPE
8 W+T1+P1+U2 OPE
9 W+T1+P1+U3 OPE
10 W+T1+P1+WIN1 | OPE
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11 W+T1+P1+WIN2 | OPE

12 W+P1 SUS

13 W+P2 SUS

14 L2-L12 EXP

15 L3-L12 EXP

16 L4-L2 OoCC

17 L5-L2 OoCC

18 L6-L2 occC

19 L7-L2 oCcC

20 L8-L2 OoCC

21 L9-L2 occC

22 L10-L2 occC

23 L11-L2 OocCC

24 L12+L16 OocCC

25 L12+L17 OCC

26 L12+L18 occC

27 L12+L19 ocCcC

28 L12+L20 OoCC

29 L12+21 occC

30 L12+L22 ocCcC

31 L12+L23 ocCcC
P1- Maximum Operating Pressure W- Dead Weight
T1- Maximum Operating Temperature WW- Water Weight
P2- Design Pressure WIN- Wind Load
T2- Design Temperature U- Uniform Load
HP- Hydro test Pressure L2- Load case

SUS, EXP, OCC, HYD, OPE- Various load types, viz., sustained, occasional, hydro test,

operating etc.

7.0 CODES AND STANDARDS

The following codes and standards shall apply in the design and analysis of the piping systems
covered under this specification:

Allowable Stress:

Piping:

Nozzle Loadings:

Allowable

Wind Analysis:

ASME B 31.3

ASME B 31.3

PMC’s Standard, WRC297/107(Welding Research Council)/
Vendor

ASCE-07 and/or IS 875
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8.0

9.0
9.1

9.2
9.3

IBR piping system: ASME B31.1 & IBR

SOFTWARE USED

The package used shall be latest version of CEASER-II.
DOCUMENT REQUIREMENT

A written report shall be submitted on the piping and equipment analysis. The report shall include
all pertinent information that shall include but not be limited to the following:

Location and type of pipe supports with loads and movements

Location of expansion joints and movements

Vertical and horizontal loads including moments at all support points.

Vertical and horizontal loads including moments on all equipment and Vessel connections.

Caesar Il analysis report, which shall include as a minimum, restraint forces, movements and
stresses for all load cases. For flange connection, loaded with high bending moments and/or
tensile forces in piping or at equipment connections, Caesar Il flange leakage report will be
provided. For piping analyzed, if subjected to hydro test, hydro test load case will be made in
Caesar Il to check for loading under hydro test & the requirement of any additional temporary
supports for hydro test.

Detailed nodal model used for the stress analysis
All assumptions and limitations applied to the analysis
All dimensions and analysis shall be performed using metric and Sl units.
The final report / stress package folder shall be submitted as follows:
1. Front sheet with Approval status
2. Isometrics with following information
Node numbers
Type of supports selected by stress engineer

Springs / Bellows data required for procurement like spring rate, loads, tide/untied information
and SM (special material) identification.

Maximum Expansion and sustain stress values with node number
Nozzle/Anchors initial movements and piping imposed forces and moments on the same

Support loads (anchors, guides or rest) only they are above limit (The limit is defined in the
beginning of the project in consultation with civil)

Design and maximum operating conditions
Coordinate axis system considered for inputs

Dimensional details for piping designer to locate supports in piping model/layout.

3. Checklist as per Work instructions
4. Following outputs
Load Cases

Restraint summary
Spring hanger report, if any
5 Stress critical line list extract for the lines analysed
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6 Piping material specifications
7 Equipment drawings with allowable loads, if available
PID
ANNEXURE-7-A
CRITERIA FOR IDENTIFING EXTREMELY CRITICAL LINES (LEVEL I)
Temperature Pipe Diameter | Piping Material Service and Description
T, Degree C DN (mm)
All All All Piping which will undergo hydraulic shock,
auto-ignition or is in service.
All DN=80 All Category M (Lethal) fluid service per
ASME B31.3 (No cyclic service).
All DN=80 All Piping which is openly exposed to winds>
75 mph.
T<-29 DN=80 Carbon Steel All Services.
T<-45 DN=80 All All Services
T265 DN=80 Non-Metallic All Services
T=265 DN=80 All Lines with pressure=900 psig.
T2150 DN=80 All All Services
ALL DN2=400 All All Services.
T=260 ALL ALL ALL Services.
-292T265 OR DN=80 All Piping connected to nozzle load sensitive
75T>50 DN>100 equipment, _ air-cooled exchangers and
rotating equipment (see note 1).
ALL ALL All Lines requiring expansion joints or flexible
connectors.
DELTA T=227 DN=80 All Jacketed piping.
(NOTE 2)
-292T=65 DN=100 All Internally lined pipe (except glass).
All ALL All Glass lined piping.
All DN=80 All Differential Tank Settlement (Upto 3
supports from nozzle).
-40=T=80 DN=100 Metallic Underground Piping
-292T270 DN2=200 Metallic
NOTES:

Load sensitive equipment include fired heaters, lined vessels with lining of brittle material, non-

ferrous equipments, graphite heat exchangers, plate & frame heat exchangers, etc.
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This criterion is not to be applied to auxiliary piping such as seal flush; bearing cooling, etc. delta
T refers to the differential temperature between the process piping and jacket.

ANNEXURE-7-B

CRITERIA FOR IDENTIFING MODERATELY CRITICAL LINES (LEVEL II)

Temperature T, | Pipe Diameter | Piping Material Service and Description

Degree C DN (mm)

All DN<80 All Lethal fluid service.

T<-29 DN<80 Carbon Steel All Services.

T<-46 DN<80 All All Services

95<T<150 80<DN<200 All All Services

T=65 DN<80 Non-Metallic All Services

T=65 DN<80 All All Services

T=65 DN<80 All Lines with pressure=900 psig.

T2150 DN<80 All All Services

ALL 200<DN<400 All All Services.

T=260 ALL ALL ALL Services.

ALL ALL ALL Piping connected to nozzle Iload
sensitive equipment, air-cooled
exchangers and rotating equipment (see
note 1 of Table-1).

DELTA=27(NOTE | DN<80 All Jacketed piping.

2 of Table-1)

All ALL All Internally lined pipe (except glass).

All DN<80 All Differential Tank Settlement (Upto 3
supports from nozzle).

All ALL All Underground Piping

All ALL All Piping connected to pressure relief
valves

All ALL All Close coupled interconnecting piping
between equipment with differential
movement greater than 6.0mm.

ANNEXURE-7
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1.0

2.0

3.0

4.0
41

4.2

4.3

5.0
5.1
5.1.1

DESIGN PHILOSOPHY FOR 3-D MODELLING
INTRODUCTION

The LSTK Contractor shall carry out Detailed Engineering of the plant areas specified in the
scope elsewhere using 3D intelligent software.

SOFTWARE

Anyone of the following two software with Oracle database shall be used by the LSTK
Contractor.

i) PDS/SP3D by Intergraph USA on Windows with design review through dynamic
walkthrough.

i) PDMS by AVEVA UK on Windows with design review through dynamic walkthrough.

Isometrics shall be generated using ISOGEN Software. Latest version of all the software
released as on the date of ITB shall be used by the Contractor. The LSTK Contractor shall
clearly specify in his bid the software to be used with version number.

OBJECTIVE

The objective of 3D modelling is to carry out detail engineering and produce deliverables using
3D tools and conduct reviews for obtaining approvals from Owner/PMC. 3D model shall be
developed and demonstrated with dynamic walk through facility to check any interference
requirements of operation and maintenance for getting the approval of the Owner. LSTK
contractor shall deliver to Owner/PMC a complete 3D model which shall be utilised for all future
maintenance, operation, revamping and any de-bottlenecking of the plant. The 3D Design
Reviews through dynamic walkthrough, through LCD projector system shall assist the Owner's
operation and maintenance personnel in reviewing the project prior to construction and suggest
modifications for efficient operation of the plant. Owner/PMC/ shall use it for review of design.

DEFINITIONS
EXACT GEOMETRY

The geometry of the object should be exactly as shown in vendor drawings or as per standard
drawings as given in codes e.g. Pipes, Flanges, Valves, beams, etc. the geometry of the items to
be modelled should be such that it serves the purpose of clash checking as well as identification
of object in 3D.

NEAR EXACT GEOMETRY

SPECIAL items like bellows, traps, etc does not call for exact geometry. The provision should be
made for clash checking and 3D representation of the item. A box. instead of bellows, traps, etc
is not acceptable.

APPROXIMATE GEOMETRY

Items like transmitters, floor stand mounted instruments where boxes instead of exact shape can
be shown. The nomenclature of such items should be clearly distinguishable for easy
identification.

EXTENT OF MODELLING / SCOPE OF WORK
PIPING

All design within Unit, Facility battery limit above ground and underground piping inclusive of fire
fighting lines and sprinkler system, big bore and small bore, except tubing, for all piping materials
shall be modelled. Details shall include all pipes, valves, flanges, fittings, reducers, spectacle
blinds, drains, temperature/pressure connections, sample points, drip legs jacketed pipes, fittings
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and flanges etc. Existing lines inside the battery limit (If any) along with tie-in points shall also be
modelled.

51.2 All in line instruments like control valves, safety valves, rotameters, orifice plate etc. with near
exact geometry.

51.3 All piping special items like expansion bellows, slide valves, special valves with purge points,
steam traps, strainers etc. with near exact geometry.

514 Complete vessel trims with level gauges, level switches, level transmitters, equipment,
instrument, vent/drains utility connections, pressure gauges etc. with exact geometry.

5.1.5 Steam supply and condensate recovery stations up to the first valves in tracer lines

5.1.6 All pipe supports to be Physical modelled for all sizes with secondary steel sleeper way as
follows.

a) All spring hangers, roller supports to be modelled with all details.
b) Pipe supports along with concrete pedestals, Type of support

c) Details of the spring hanger's i.e. operating load, travel, spring constant should be keyed in
as user-defined attributes.

d) Details of expansion bellows i.e. type, axial/lateral deflections, stiffness etc to be keyed in as
user defined attributes.

e) Structural steel members used for the pipe supports to be modelled in complete details.

5.1.7 All equipment to be modelled with exact geometry including but not limited to: manholes with
davits, pipe davits on top platforms, nozzles, stiffener rings, bellows, break flanges, platforms,
ladders, handrails, lifting lugs, etc. for all the equipment in the plant like vessels, columns,
reactor, receivers, pumps with motors, compressors with details of volume bottles, cylinders etc.,
blowers, centrifugal compressors, furnaces with soot blowers, fired heaters, burners and peep
holes, air coolers with motors and fans, filters, blow down drums, all equipment within packages
and heat exchangers etc.

a) Maintenance areas around equipment, davit swing areas, swing elbows sweep areas, tube
bundle removal areas for heat exchangers, rotor removal areas, drop out areas to be
modelled as soft envelopes and should be used for clash detections.

b) Equipment supports: skirts, support legs/lugs, saddles to be modelled along with the
equipment

c) Insulation type (hot, cold, tracing, jacketed, etc), Insulation thickness, operating/design
Pressure /temperature, hydro test medium/pressure to be given.

d) Equipment 3D model shall include all attachments like platforms, nozzles, ladders, pipe
supports, etc.

5.1.8 Skid mounted Equipment / Package units (if applicable) shall be modelled as a Block and Piping
connections at Skid/Package unit battery limit to be precisely modelled depicting complete
connectivity.

a) Skid to be tagged as main equipment.
b) All sub-equipment of all skids to have skid tag as a prefix.
c) All sub-equipment to be modelled with exact geometry.

d) Complete internal Piping of the skid with all inline and online instruments to be modelled as
per the details in 5.1.1 to 5.1.7

e) All pipe supports with the skids are to be modelled as per para 5.1.7
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51.9 Tagging of all line nos., Instrument nos., special items, equipment nos. shall be as marked in the
P&IDs.

5.1.10 Complete underground piping man hole vent piping to atmosphere. catch pits, cable trays etc. to
be modelled. Envelopes to be modelled on top of manholes and catch pits and shall be used for
interference detection.

5.1.11 Material handling equipment e.g. drums etc to be modelled in near exact geometry.

5.1.12 Hard stands, fabrication space for tall columns, erection access for tall structures considering
crane boom and movement, crane access, unit approaches from main roads, main roads outside
the units shall also be modelled.

5.1.13 Line information required in 3-D model;
The following attributes must be keyed in while modelling:
a) Line operating/design, temperature/pressure in deg. C and kg/cm2g respectively
b) Liquid state i.e. vapour, liquid, 2-phase.
c) Insulation thickness and type i.e. IH/IC/IJ/IC etc.
d) Hydro test pressure in kg/cm2g and medium.

g) Line number label should be as per the P&ID with the following attributes: Line size + unit
no + line sequence no + sub-line no + piping material specification + insulation type. User
Defined Attributes (UDA's) to be generated for keying in this information in PDMS.

h) Hydro test loop no.

i)  Piping stress analysis system number allocated at the time of generation of critical line list
for stress analysis (through UDA's in PDMS)

5.1.14 Incorporation of site changes during fabrication and erection with 3D Model in order to deliver a
complete as built model to Owner.

5.1.15  General Arrangement Drawing Extraction

a) Piping General Arrangement Drawings are to be extracted from the 3D model on AO size with
a scale of 1 :33 / 1 :50 for rack Vital installations and battery limits shall be marked with
coordinates.

b) All locating dimensions like spacing for equipment, structural columns, pipe-to-pipe etc. shall
be marked on the GAD's. Equipment tag numbers, line numbers, instrument and speciality
item tag numbers shall be marked on the GAD's. Electrical instrument ducts shall be marked
and labelled. Access ways, maintenance corridors, dropout areas, bundle removal areas
catalyst-handling areas shall be marked on the GAD's.

5.1.16 ISOMETRIC EXTRACTION

Isometrics shall be extracted from 3D model using ISOGEN Software along with Bill of Material
and logical pipe supports.

5117 Interference Detection shall take care of Hard-Hard clashes and Hard-Soft clashes for all the
disciplines.

5.2 STRUCTURAL
The scope of modelling for structural shall include but not limited to the following:

i) Main steel/secondary steel equipment support beams, bracing, columns with footings,
stiffener plates, platforms, ladders, pipe racks, stair cases, walkways, supporting structure for
all coolers with operating platforms ,handrails and staircase, monorails, EOT support
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5.3

5.4

6.0
6.1

6.2

6.3

including fire proofing shall be modelled in exact geometry. Existing structures inside the
working battery limit to be modelled.

i) Equipment and structure foundations, technological buildings, equipment supporting
structure, flue gas stack and any other concrete structure to be modelled in exact geometry
with exact locations of all insert plates.

iii) Foundation and structure for platforms, gratings, handrails etc. for packaged item and items
are also included.

INSTRUMENTATION

i) Instrument ducts, cable trays greater than or equal to 300 mm width, Instrument Junction
boxes to be modelled in exact geometry.

i) Transmitters and other floor stand mounted instruments on grade/platform to be modelled in
approximate geometry with tag nos. as per P&ID's.

ELECTRICAL

i) Electrical cable trays greater than or equal to 300 mm width. Electrical cable trenches all
sizes, junction boxes to be modelled in exact geometry.

ii) Electrical stop/start switches for motors, to be modelled in approximate geometry.
iii) Lighting details, earth pits.

iv) Fire alarm system, e.g. fire detection point, hooters, etc.

MODEL SPLIT
Separate models to be generated for each discipline.
SI.No. | Discipline Model SI.No. | Discipline Model
Identifier Identifier

1 Piping above ground | P 5 Structural S
2 Piping underground | U 6 Architectural A
3 Equipment E 7 Electrical L
4 HVAC H 8 Instrumentation I

Within each discipline, models are to be generated based on the area division in piping key plan.
The naming conventions for model in the PDS and Database in PDMS shall be as follows.

X X = XX
Model identifier as | Model Identifier as | Underscore | Area number form Key
given in 6.1 Levels (given below) Plan

A — Grade B — First Level above grade

C — Second Level above grade X — All levels in one model

U — Under ground

- Above ground and underground piping shall always be in different models.
Database Hierarchy in PDMS
i) Piping
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a) PIPE NAME:
Line no. -- P XX
Label X
b) Branch Name:
PIPE NAME / B1, B2
c) TAX NOS. For all Inline Instruments, Special Items as component Name in PDMS.
Same tag numbering philosophy to be followed in PDS.
XXX XXX XXXX X
UNIT INST. INST. No. /| Only if same no. is
No. Typei.e. PSV, FV, PV special item no. getting repeated.

7.0
7.1

7.2

7.3
7.31

7.3.1.1

- Comments to be written in components S Text attribute.
i) Other Disciplines

Basis shall be similar to that given for piping. LSTK Contractor shall develop the Hierarchy and
submit it for Owner/PMC approval prior to start of modelling

DELIVERABLES

Complete 3D model as built along with as built GAD's, Isometrics, and MTO reports, all extracted
from the model, nozzle orientations for Piping and 3D models for all disciplines as specified in
7.1 to 7.6 with any other document generated from 3D model and naming conventions as per 7.0
to 7.3 with "As built" updates along with complete reference databases, component catalogues
for all the size range in the approved specifications shall be furnished by the LSTK Contractor in
electronic form.

In addition, contractor shall submit the 3D model in electronic form after completion of final
review of 3D model duly updated as per comments/observations and agreed of MOMs of review
sessions.

Review Models shall be installed at site having latest version of design review software and all
other pre requisite software and any other software required for smooth running) and minimum
configuration as stated in by the Contractor sufficiently at start of Mechanical work and & plotter
at site shall be decided in consultation with Owner.

Model and Isogen will not be installed at site. Only review data will be available on review station
In addition, LSTK Contractor to Minimum Install;
> One number of A3/A4 duplex laser printer
| 2 One number of AO inkjet plotter

Reference Data Bases

P.D.S.

The complete reference Data base developed for the FACILITIES by the LSTK Contractor on
PDS and delivered shall include but not limited to the following:

Piping
1. Piping material class
2. Piping Commodity data files.
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3. Short or Long material description library.

4. Specialty material description library.

5. Standard note library.

6. Label description library.

7. Piping assembly library.

8. Graphic commodity library.

9. Physical data library.

10. Formats files for MTO

11. Isometric set-up (option) files.

12. Piping job specification library.

13. Write-up of all project specific code lists, which have been, added to the standard code

7.3.1.2

7.3.2

7.3.2.1

7.3.2.2

7.4

7.5

lists.
Other disciplines

Complete reference database with all the libraries. LSTK Contractor shall prepare a
comprehensive list of these files separately for each discipline and submit it for PMC review prior
to start of 3D modelling.

PDMS

The complete material specifications and component catalogues developed by the LSTK
Contractor on PDMS and delivered shall include but not limited to the following.

Piping

1. Piping material specifications.

2. Insulation specifications

3. Bolt specification

4. Nozzle specifications

5. Complete Piping component catalogues with write-up on naming conventions used for

CATALOGUE references, component references for Property Database. Bolt
References for single and multiples.

6. Detail texts along with the symbol keys & R Texts
Material texts with X Texts
Any symbol key library developed for special items where Isometric Symbols by CAD
Centre were not available.

9. Property database with nominal bore and outside diameter developed for the project.

Other Disciplines

Complete reference database with all the libraries. LSTK Contractor shall prepare a
comprehensive list of these files separately for each discipline and submit it for PMC review prior
to start of 3D modelling.

During the period of construction the above workstations and software at site shall be manned
and maintained by LSTK Contractor personnel up to the completion of the Project.

Costs for all the hardware, software, networking, model transfers, ISDN link etc shall be borne by
the LSTK Contractor.
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7.6

7.7

8.0

Review by PMC/Owner/Licensor

LSTK Contractor shall be responsible for arranging 3D review sessions at his design center with
Dynamic walkthrough with overhead projector system, for Owner/ PMC/ Licensor comprehensive
review of the 3D Models. Simultaneously a Technical Audit of the Reference Database,
Component Libraries and Project Database shall be carried out by PMC. LSTK

Contractor shall make one workstation available for the entire duration of the Technical Audit to
the audit team along with Contractors support team, without any extra cost to PMC/Owner.
Incorporation of the comments of the Technical Audit shall be done by the LSTK Contractor
without any cost or time impact. LSTK contractor shall send fortnightly updates of the model
using latest version of 3D modelling software (compatible to the one at OWNER /PMC Office) for
the review status monitoring of the models. LLSTK Contractor shall propose the dates and
duration at least 4 weeks in advance for these 3D reviews by Owner/PMC.

REVIEW STAGE

There shall be minimum 3 review stages to be done as follows. 4th and 5th further reviews shall
be required after all comments are incorporated by the LSTK Contractor.

1. Equipment layout review from erection, construction, operation and maintenance point
of view & Conceptual review of critical lines (thermal & process critical) (30%).

Before issue of model for engineering (60%).

Before issue of model for construction (before isometric generation commences)
(90%).
3-D modelling review for sprinkler system for pumps where monorail is provided shall be done
with sprinkler system in place.

3-D modelling review for material requirement has to be fine tuned as per 3D modelling and
report of such material requirement shall be forwarded to PMC/OWNER for their information on
regular interval.

Any operational requirements such as platforms, approaches for equipment | technological
structure if required during the 3D model review as above, the same shall be provided by the
LSTK contractor without any time delay and cost implications.

PROVEN TRACK RECORD

The LSTK Contractor or his Engineering sub-Contractor must have carried out extensive 3D
modelling and data base management for a project of similar nature with the following as a
minimum.

LSTK Contractor should demonstrate their capability through walk through of one such 3D model
developed by them.

Owner/PMC reserves the right to verify the above at the premises (as applicable) including
experience of personnel deployed on the project.

Owner/PMC decision shall be final and binding on the LSTK Contractor in this regard.

FORM NO: 02-0000-0021 F2 REV3 All rights reserved




e DESIGN PHILOSOPHY- PIPING PC281-NFL-N/E-1/P-I/5.0| 0
T & T INSTALLATION OF NEW 2500 CUBIC \.,
PDIL METER CAPACITY HORTON SPHERE DOCUMENT NO REV wm
FOR STORAGE OF AMMONIA AT NFL, A E
NANGAL SHEET 69 OF 69
ANNEXURE-8
HYDROTEST DRAIN & VENT
Fluid Pressure rating 3/4" Vent 3/4" Drain
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CLASS 600 —L
_\—_‘:l:_@ For stcam trap installation
Steam Sce separatc specification

NP > =

CLASS 900

NP < =

CLASS 600

Liquid

NP > =

CLASS 900

1. 3/4 " Thd. Cap.

2. 3/4" Branch Fitting acc. to Pipe Class.
3. 3/4" Nipple (P).

4. 3/4" Globe Valve (SW).

5. 3/4 "Gate Valve (SW).

6.3/4" Nipple (P/T).
* For Hydrostatic test only. For process purpose use installation as for liquid service.
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1.0 PURPOSE

The purpose of this document is to establish the requirements of the fire fighting system for
applicable facilities of the package plant.

This document is a general specification providing typical requirements of layout, material, testing,
etc. for various fire fighting systems.

This specification covers design basis and execution requirements for fire protection system for
fertilizer plant. The provisions shall be made, in order of precedence, as per statutory regulations,
TAC guidelines, job specifications and safe engineering practices.

2.0 SCOPE

Contractor shall provide fire fighting system as mentioned in this document in accordance with
TAC/NFPA/NBC 2016 (and/or Latest Edition) for applicable facilities of the package plant.

3.0 DESIGN CRITERIA

The Fire Protection Philosophy is based on Loss Preventive and Control. The adequacy of fire
protection facilities for fertilizer plant is very important because of the inherent hazard it carries. A
fire in one part/section of the plant can endanger other sections of plant as well. If fire breaks out,
it must be controlled / extinguished as quickly as possible to minimise the loss to life and property
and to prevent further spread of fire. In this job, the design of the package plant is a part of
Ammonia, Urea which is considered in high hazard ( B), as per NBC 2016.

Unless otherwise specified in the NIT the design shall meet requirement of applicable standard
over and above the standards mentioned below:

IS 3034: 1993 - Fire Safety of Industrial Buildings: Electrical Generating and Distributing Stations -
Code of Practice [CED 36: Fire Safety]

IS 12459: 1988 Code of Practice for Fire Safety in Cable Runs [CED 36: Fire Safety]

IS 1646: 1997 Code of Practice for Fire Safety of Buildings (General): Electrical Installations
CEA (Measures relating to Electrical Safety) Regulations 2010

IS 15394: 2003 - Fire Safety in Petroleum Refineries and Fertilizer plants

IS 3844: Installation and maintenance of internal fire hydrants and hose reels on premises
National Building Code 2016 (and/or Latest).

The fire fighting system shall be designed on the basis of only major fire with a single fire
contingency at a time.

Hydrant/water monitor should be provided across Ammonia Horton Sphere.

Spray system for cooling a tank in case of fire.

Water curtains shall be installed around Ammonia Horton Sphere kerb wall

Water curtains shall be provided for the compressors bay of Ammonia refrigeration section.

Fire Water System shall be designed as per IS Code and complied with Local Law/ Civil Defense
requirements.
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4.0

41

The proposed new Ammonia Horton Sphere is located in the area near to the existing Horton
sphere at a distance complying with the safe distance requirement at Nangal Plant. For Fire Water
requirement, necessary hook-up from existing Fire Water headers of Ammonia Urea Plant has been
considered for supply of required Fire Water. Two independent sources have been considered from
two \different fire water headers available near the proposed Ammonia Horton Sphere. The fire
water network shall be laid in closed loop to ensure multidirectional flow in the system. Isolation
valves shall be provided near the loop junction in the network for isolation purpose (Ref: P&ID no:

PC281-PID-091 Rev 0).

Fire Water Demand
The fire water demand shall be determined based on the single fire contingency in the proposed

installation. The estimated firewater demand shall be the sum of water required for fire-fighting
equipment (e.g. fire monitor, hose stream) based on fire breaking out in fire risk area/s at any one
time over the entirety of the site. The biggest firewater demand of the fire risk areas shall be the

total firewater demand.

FIRE PROTECTION SYSTEMS

The following fire protection facilities shall be provided depending upon the nature or the
installation and risk involved wherever applicable.

a) Fire hydrant system

b) Water spray/sprinkler system

c) Gas flooding system

d) Fire detection, alarm & communication system

e) First aid fire fighting equipments including Portable fire extinguishers
f) Personnel protective equipments (PPE)

Fire Hydrant System

The engineering (sizing, material thickness, supports, etc.,) of fire fighting network for the above
mentioned fire protection systems / fire protection facilities, shall be provided by bidder, on the
basis of codes, standards, specifications, drawings of this document.

Fire water network shall consist of mostly aboveground and/or underground, if required, piping
systems.

Around units the fire water mains shall be laid aboveground and directly buried and/or in trenches,
if it is laid underground. The underground ring main network system shall be laid at minimum one
meter earth cushion. Top of casing pipe (RCC Hume pipe) of underground piping crossing roads
(peripheral road, package unit road, access road/ways) shall be at min. 1.5 metre depth.
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All underground fire water piping shall be externally protected from corrosion by wrapping and
coating of cold tape as per attached specification, for underground CS pipe which shall extend up
to min. 500 mm, above / beyond grade wherever applicable.

Above ground fire water piping shall be painted as per painting specification and the paint shall be
conforming to shade as per IS 5.

Wherever fire water line will cross the roads, same shall be put under a suitable hume pipe or
culvert, with proper wrapping, coating as a anticorrosive treatment (Cold Tape Type, as per
detailed specification provided elsewhere in NIT).

Flushing point with isolation gate valve and pressure gauge points (approx at the rate 300mtr. and
at all battery limit tie in points) with isolation gate valve shall be provided on all headers.

Network shall be laid in closed loops to ensure multidirectional flow. Isolation valve to be provided
at every 300m (max) and at crossings (Junctions) to ensure easy maintenance and uninterrupted
water supply in case of break down and shall be planned in such a way that outage of any section
of fire water line should not affect other section.

Hydrant posts shall be installed with a branch “L” shape piping to avoid directly fall of leaking water
on main header.

RCC slabs (Minimum 1500mmX1500mmX100mm thk.) shall be provided at the grade level
beneath of each Hydrant/Monitor/HVLR post and respective hose box.

Up to 2.0 m portions of the headers (if above ground) on both sides of hydrant branching and the
entire branch piping near of hydrants shall be epoxy painted.

Isolation valves (gate valves, rising spindle) shall be provided below monitors and at all hydrants.
Suitable restriction orifice shall be provided at downstream of isolation valve of hydrant post to
maintain the pressure requirements as per TAC / 1S15394.

Fire water pressure at the farthest point shall be a minimum of 7 kg/cm2 after installation of
headers and sub headers.

All fire water piping shall be tested to hydraulic test pressure of 18 kg/ cm2 (g) and/or as calculated
considering pump shut-off pressure.

Radiography requirements shall be as per TAC (minimum 10%).

For process units, external ring header with hydrants and an internal distribution with monitors and
hose reels shall be installed.Hydrant heads shall be placed at a minimum distance of 15m from
process equipment.

Monitors around heater areas, if any, shall be necessarily provided and located in such a manner
that the heater can be isolated from the plant.

Monitors shall be provided to cover the high rise columns, equipments etc. of height 15 mtr. and
above, unless otherwise specified in layout drawing.

There may be cases where due to horizontal obstruction, a particular vessel/ process column may
not be approachable by ordinary monitor or hydrant, elevated monitors shall be provided to take
care of such conditions.
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Tall columns, structure, towers and equipment where it may not be possible to provide access
staircases with hydrants on landing, will be considered as protected by hydrants at ground level,
provided they are less than 15 m in height. When the height exceeds 15 m, the concerned
hydrants shall be replaced by monitors.

Alternate hydrants for protection of loading unloading bays, rail/truck gantries shall be replaced by
water/foam monitors.

Number of hydrants shall be based on one hydrant post with two hydrant valves for every 30m
(max.) of external perimeter of process units and storage tank area. For utility and other building
areas, this distance shall be a maximum of 45m.

Hydrants and/or water monitors shall be located keeping in view the different risks within the
premises which are to be protected and ensuring effective coverage.

Double hydrants (IS: 5290 type A, hydrant valve with single outlet) on each hydrant post (i.e. two
hydrant valves mounted on each stand post) and at every 30m centre to centre, along the hydrant
mains, shall be provided.

Extension of hydrants/monitors for spill fire (as required by TAC/ IS15394) shall also to be
provided.

Indoors hydrants with hydrant valves (landing valves), hose reels and hose box containing
accessories, for plant buildings and non-plant buildings, shall be provided as per 1S-3844. In case
of buildings, hydrants shall be located at not be less than 2 m and not more than 15 m from the
face of building.

Double headed landing valves (two numbers, type-A, Landing valves on single stand post), shall
be provided on the landing of first floor and above on all the buildings/Tech structure/platforms etc.
with isolation valve at each tapping for landing valve assembly.

The monitors shall have isolation valve. Monitor location shall be given special consideration for
protection of cluster of towers, heaters and other high structures, where it may not be possible to
approach the higher levels. Minimum of two monitors shall be provided for each such area.

Field adjustable variables flow type remote operated monitors shall be provided for the protection
of inaccessible equipment.

Contractor to finalise hydrant layout on plot plan, with all the requirements such as number of
Hydrants, Monitors, Foam system, sprinkler system etc., based on all statutory requirements &
Code Guidelines, considering ease of maintenance and safe approach for fire fighting. Due
consideration is to be given for providing Emergency escape routes also. Hydrants are to be
strategically located to obtain maximum advantage of layout.

Fire brigade connection (3 way & 4 way) points with Isolation gate valve as per TAC/ IS shall be
provided at strategic locations

Above ground pipe shall be supported on RCC pedestals (refer attached drawing). wrapper plate
(thickness same as pipe & covering approx. 120 degree at bottom portion of pipe) shall be
provided at each support for above ground pipe (6” NB and above). Supports for piping system
and structures shall be provided as per support specifications of NIT. If support specification not
provided in NIT, safe adequacy calculations shall be submitted by bidder for review/approval by
PMC/owner.
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411 Buried Pipes

41.2

4.2

The following points to be considered in designing of buried pipes

i)  All underground buried metallic piping shall be coated and wrapped with cold tape and laid at
minimum one meter earth cushion.

ii) Underground pipe at crossing roads, access ways shall have RCC casing pipe (Culvert or
Hume pipe). Underground piping at rail crossing shall be as per Indian railways.

iii) Valve chamber wherever required shall be made of brick or concrete. Valve chamber should
be spacious to attend valves during operation/maintenance.

iv) All U.G. headers shall clear equipment foundations.

v) Provide break flange at + 500 MM from floor level to isolate underground pipe from above
ground piping with insulating gasket kit.

vi) Pipes shall be laid below electrical cables, if any.

vii) Buried Pipes shall be laid in trenches after excavation, covered with 150mm sand bed all
around them, backfilled and properly rammed.

viii) RCC thrust blocks shall be provided as per engineering requirement.

ix ) Cathodic protection shall be provided for buried pipes.

Piping in Trenches

The following points to be considered in designing of trench pipes:

i) Piping located below grade, requiring inspection, servicing or provided with protective
heating.

ii) Fire water lines/Process lines.

iii) Drain lines requiring gravity flow trenches.

iv) Sump for valves and trenches shall be provided.

v) Suitable draining scheme for trenches shall be provided.

vi) Valves in trenches shall be provided with extended stems. If hand wheels of the valves are
located more than 300 mm below the cover plate, the valves shall be provided with extended
stems extending to within 100 mm below the cover plate.

vii) The trenches shall be lined with RCC, then provided with 150mm sand bed and also shall be
covered with RCC cover after laying of wrapped and coated pipes in them. Top of pipe shall
be at min one meter depth.

viii) RCC thrust blocks shall be provided as per engineering requirement.

Water Spray System, water sprinkler system and water curtain system
Water spray systems shall be provided as per TAC / job specifications.

Water spray, water curtain systems, permanently connected to fire water network, shall be
provided with piping system, detectors, spray nozzles (chrome plated brass), deluge valves (dry
type, pneumatically & hydraulically operated (only use where air is not available) with manual by
pass valve, remote automatic and local manual operation), isolation valves, strainer, low point
drain with valve and suitable restriction orifice to maintain the pressure requirements as per TAC/
IS.

Instrument air service Piping/ Tubing shall be SS304.

Downstream of deluge valve shall be provided with galvanized carbon steel piping system.
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Water spray application rates shall be as per TAC/IS/INFPA.

4.2.1 Medium velocity Water Spray (MVWS) System
- To be provided for the followings locations, but not limited to.

- Compressor seals

- Lube oil consoles

- Knock out drums (with hydrocarbon bearing service)

- Cable cellars

- Diesel/Petrol/Kerosene oil or any hydrocarbon liquid / oil tank

- Coall Pet coke/ solid hydrocarbon material handling plant area
- Pumps under racks.

- Empty bag storage area

4.2.2 High velocity Water Spray (HVWS) System
To be provided for the followings locations, but not limited to.

- Transformers of minimum 10MVA rating or with oil content of minimum 2000 litres.

423 Water curtain system
To be provided for the followings locations, but not limited to.

- Ammonia/ Toxic gas/ vapour compressor and pumps
- Ammonia/ Toxic gas/ vapour storage tank
- Ammonia liquid tanker loading area

424 Sprinkler System

The sprinkler system, with galvanized carbon steel piping, shall be designed and installed at the
following locations, but not limited.

Sprinkler system with deluge valves (dry type), shall be installed at the following location/
buildings, if applicable.

- All Buildings as per NBC 2016 (and/or latest edition)
- Laboratory
- Chemical room/storage area.

Sprinkler system (wet type with QBD), shall be installed at the following location/ buildings, if
applicable.

- All buildings as per NBC 2016 (and/or latest edition)
- Admin Building

- Workshop building

- Technical Building

- Meeting Room/Hall

- Canteen

- Fire brigade building

4.3 Foam System

Foam system shall be provided for transformer area and hydrocarbon oil tank area.
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4.5

4.5.1

4.6

4.6.1
46.2

4.6.3

46.4

The transformer area shall be surrounded by at least 2 foam monitors strategically installed.
Hydrocarbon oil tank area and LPG/NG gas skid area shall be surrounded by at least 3 foam
monitors strategically installed, so that each tank or each gas skid is fully covered within the
monitors throw range.

Water cum foam monitors (SS304 body & nozzle, fixed stand post type, manual operation, 500-
750 USGPM variable type flow, self inducting foam induction mechanism) along with portable type
foam cans (each 200 Litres capacity) with 3% AFFF Foam, shall be provided for above areas.

The foam system shall be considered for protecting tanks and other applicable equipments for
hydrocarbon services as per NFPA requirements. The foam system shall comprise of foam
concentrate proportioning equipment, foam makers, piping system and foam discharge devices, as
applicable, as per NFPA. The system shall automatically actuate foam on detection of fire.

Clean agent flooding system

Gas flooding system with clean agent, diverter valve (if feasible), detectors & accessories for
Control Room, Computer room, Computer console room, UPS room, Battery room,
server/database rack room etc. shall be protected by clean agent system as per NFPA-
2001 (Inergen/ Argonite/ Novec 1230).

Pump House & Pumping System

Pumps

Wherever practicable pumps shall be arranged in rows with the centre line of the discharge on a
common line. In general, pumps shall be kept inside the pipe rack / Shed. However in case of
smaller racks, pumps shall be kept on one side or outside the pipe rack to provide clear access
under the rack.

Pump foundation height shall be 300 mm above H.P.P.

Gap between each pump foundation / and foundation of technical structure should be sufficient for
easy removal of equipment after piping. Clearance between two adjacent pumps shall be such that
clear 900 mm aisle is available.

All pumps, Engines. Motors along with their accessories shall be inside Pump house & provided
with EOT crane, and lifting device of suitable capacity. (Min 10 Ton)

Pump Piping

Pump drives shall have clear access.
Pump suction piping shall be as short as possible and shall be arranged with particular care to
avoid vapor pockets.
Reducers immediately connected to the pump suction shall be eccentric type flat side up to
avoid the accumulation of gas pocket.
For end suction pumps, elbows shall not be directly connected to the suction flange. A straight
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46.7

4.6.8

4.6.9

5.0

51

5.2

piece minimum 3 times the line size shall have to be provided at the suction nozzle.

Unless otherwise specified T -type strainers shall be used on pump suction piping for sizes 2"
and above.

All small bore piping connected to pump shall have provision for break up flanges for removal of
pumps.

Piping shall be so arranged that forces and moments imposed on the pump nozzle do not
exceed the allowable values as per API1 610.

Pump discharge should preferably be routed away from the pump rather than towards the motor
/ Engine side.

Pump cooling water connection if any, shall be taken from the circulating cooling water header.

MATERIAL SPECIFICATION

a) Materials & equipments used for fire protection system shall be in accordance with NFPA/TAC
requirements and/or attached specifications of NIT.

b) Pipes(API 5L Gr. B, SMLS upto 6’"NPS and welded for higher sizes) fittings(ANSI/ASME),
Valves(API), flanges(ANSI/ASME), Spray nozzles and deluge valves, quartzoid bulb
detectors(QBD), Detector piping, Hydrant, Monitors, Hose Boxes, Hoses shall be as per piping
material specifications (PMS), and/or attached specifications of NIT.

c) Cast Iron valves or any cast iron piping component like pipes, fittings, flanges, valves,
fasteners, gaskets, etc. shall not be used for fire fighting system or for any service.

d) Spiral welded pipes shall not be used.

e) Seamless pipes/fittings are acceptable in lieu of welded pipes/fittings, but welded pipes/fittings
are not acceptable in lieu of seamless pipes/fittings.

f) LSAW pipes are acceptable in place of ERW pipes, for same thickness.

g) Double seam , 180 degree apart , is allowed for pipe sizes 36" and larger only.

h) Circumferential seams (minimum 2 meter apart) is allowed for pipe sizes 36" and larger only.

i) Flanges shall be in one piece material, without any joints.

j) All flanged valves (except forged) shall have flanges integral with the valve body.

k) Forgings are acceptable in place of castings but not vice-versa.

I) Valves in saline water (if applicable) service shall be with non ferrous trims and all wetted parts
other than trims shall be epoxy coated.

m) Generic material of valves body, required as per process/service conditions but not specifically
mentioned, shall not be lower in chemical composition than the connecting pipe material.

n) PN equivalent rating for Class150# valves shall be minimum PN16.

Hydrant Valve shall be BIS approved (1S-5290) with following detail:

Inlet : 3““ANSI 150 # RF

Outlet 1 63mm

Pipe Size & material :4”CS

Capacity : 36 cum/hr

Type : Oblique angle type as per TAC requirement
Material : SS304

Water Monitor

Nozzle bore size : 38mm (Aqua fog /foam with arrangement of jet and spray).
End connection :4”-150 # RF
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Run Pipe Size : Min. 67, CS
Capacity : 2580 LPM
Material : SS304
Approval 1 1S-8442

Water cum Foam Monitor:

Nozzle bore size : 38mm (Non aspirating type-Aqua fog / foam with
Arrangement of jet and spray)

Run Pipe Size : Min. 6", CS

Capacity . 750 GPM

Material . SS304

Approval UL

Long Range Water monitor

Capacity : 2000/1000/750/500 GPM (as required)
Horizontal Range ;50 m approx.

Material . SS304

Approval : UL

Hose Reel

Fire hose reels (IS-444) shall be considered at strategic locations around block as first aid fire
contingency. These shall be indoor wall mounted and outdoor floor mounted type on structure and
shall have water connection from hydrant network. Each hose reel shall have 30 metre long hose
with nozzle. Hose reel shall be minimum 30m long x 20mm bore.

Hose reel shall cover all process areas in ground floor. Indoor wall mounted Hose reel shall be
provided with each landing valve. Outdoor floor mounted type on structure at strategic locations @
01 no.(minimum) for each package area.

Hose Box

Hose boxes shall be made of M.S. material and painted red with dimensions 18 SWG thick M.S.
sheet, size 900 mm x 600 mm x 250 mm. Each box shall contain 2 nos.x 15 m of 21/2” fire hose
(1IS-636 Type-B) with gun metal nozzle, coupling, universal branch pipe (IS-903), MS spanner.
1no. Hose Box with accessories shall be provided for each hydrant post and each fire brigade
connection (3 Way, 4 Way with isolation gate valve).

Portable Fire Extinguishers
Portable fire extinguishers (1S-2190, BIS marked / BIS approved) as per TAC shall be provided for
plant & non plant buildings & areas, at strategic locations. Portable extinguishers of 9 kg (wheeled)
& 50kg (wheeled) DCP (ABC type), 4.5kg (mounted), 6 kg (mounted) & 22.5kg and above
(wheeled) CO2 type shall be provided. Contractor shall specify the numbers and location for
Owner's review and approval.

Deluge valve

Deluge valve shall have flanged body/housing & cover (Cast Steel ASTM 216 Gr. WCB), Internal
Metallic parts SS304, Diaphragm Rubber/ Non metallic) UL listed, Red Painted, pneumatically
actuated.

FIRST AID FIRE FIGHTING EQUIPMENTS
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6.1

6.2

6.3

7.0

The selection of safety equipment should be such that it is correctly related to the type of fire
expected in the area.

The general guideline for selection and use shall be as per TAC/IS requirements. Fire
extinguishers shall be provided as per TAC/IS.

Contractor shall provide the Fire extinguishers items (BIS approved) as specified in tender.

Fire extinguisher

Fire extinguishers as per TAC shall be provided for process risk and at each landing of operating
platform of technological structures, for the protection of equipment as a means to cope up with
fire at incipient stage. Supply of all Fire Extinguishers shall be with BIS Mark.

Powder used in DCP type fire extinguishers shall be MAP 90% ABC powder, UL listed & BIS
approved.

The number should be determined based on the max. travelling distance of 15 M. At least one fire
extinguisher shall be provided for every 250 m2 of hazardous operating area.

Chemicals/ Consumables used in the fire extinguisher shall UL listed.

Following Fire Extinguisher types shall be provided, as applicable :

1) 6 Kgs., 9 Kgs. Capacity DCP Extinguishers (ABC type) shall be provided on Technological
platforms/process ground floor and Control rooms.

2) 4.5 Kgs. Capacity Co2 Extinguishers shall be provided for buildings, sub stations & control

rooms.

3) 22.5 Kgs Capacity Co2 Extinguisher shall be provided near transformer bay.

4) 50 Kgs capacity DCP Extinguishers (ABC type) shall be provided at critical operating area in

plant.

5) 2 Kgs, 4 Kgs capacity clean agent Extinguishers shall be provided for Control Room, Computer

room, Computer console room, UPS room, Battery room, server/database rack room etc.

Sand Bucket

Sand buckets filled with sand along with scoops, mounted on structural support stand each with at
least 3 sand buckets), shall be provided in Transformer bay, Sub Station, buildings, Technical
structure, platforms, Pump house, etc.

The sand buckets shall have round bottom with bottom handle having 9 liter water capacity
conforming to IS: 2546. The sand stored in bucket shall be fine and free from oil, water or rubbish.
Rain protection of suitable design shall be provided for all sand buckets.

SAFETY SIGNAGES
Contractor shall provide the safety signages (in English & Hindi language) as per NBC/TAC , at
strategic locations, for plant/ non plant areas buildings, technological structure, areas.

Safety signages must be visible under both lighted & darkness conditions.

SAFETY EQUIPMENTS/PERSONNEL PROTECTIVE EQUIPMENTS (PPE)
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Contractor shall provide the following safety items with quantity specified for their scope of work:

a) Safety helmets — 05 nos.

b) Stretcher — 1 no.

c) Fibre glass First Aid Box with all necessary items/kit & anti snake serum -01 set.

d) Rubber hand gloves for electrical jobs— 05 pairs per type for each substation and each control
room. (min. 02 pairs per type irrespective of facility requirement).

e) Hand operated siren - 1 no.

f) Hand held battery loaded Emergency light, each with 1 set spare battery- 02 nos.

g) Sand Bucket & accessories - 02 sets.

h) Self-contained Breathing Apparatus Set (30 minute duration) with a spare cylinder (filled-up) &
accessories- 01 No.

i) Cold/low temperature protective suit - 01 No

j) Cryogenic gloves-- 01 No

EMERGENCY ESCAPE ROUTE

Escape route shall be marked with signage, exit point. Escape route shall not be obstructed in any
way. No single accident should be capable of blocking both alternatives. Escape route should take
shortest route to assembly point defined within plant.

In case of process structure, satisfactory access shall be provided to all parts of each floor by
means of incombustible internal or external staircases.

Exact numbers, width, location, etc. of such staircases and ramps for basements shall depend on
travel distance requirements given under National Building code of India.

EXECUTION, INSPECTION AND TESTING

All execution, inspection and testing for completion of fire protection system shall be carried out
based on codes, standards and specifications. Contractor shall develop detail inspection and
testing procedures for review by owner. Contractor shall carryout demonstration test for each
installed system as per scope of work.

The Contractor shall meet all requirements for inspection and testing of the systems.
QUALITY ASSURANCE SYSTEM

All  work/services to be performed by the Contractor under this contract shall be of
specified/approved quality and Contractor shall have a quality assurance/quality control (QA/QC)
system during the performance of various activities such as engineering, procurement, tendering,
construction etc. Review/approval of activities by Owner/PMC shall not however dilute the
responsibility of Contractor for maintaining quality.

The objective of the quality assurance scheme of the Contractor shall be to ensure the conformity
of equipment, material, site construction (if any) to various standards, specifications, drawings and
technical requirements that are being mutually agreed between the Contractor and
Owner/PMC/TPI. Quality Assurance System should clearly indicate the organizational approach
for quality control and quality assurance of the various equipment/construction activities (if any)
and also provide a verifiable evidence of the Contractor having carried out all the activities laid
down in the bid document and the procedure. Such conformity to quality level shall be ensured by
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controlling the quality level of purchased items at vendor’s/sub-vendor’s shop/site and shall cover
from source surveillance to final inspection. The Contractor to submit a detailed inspection and
testing plan for various shop/site activities for review by Owner/PMC/TPIA.

INSPECTION

The Contractor is required to organize a proper inspection and expediting system so as to ensure
timely delivery of all the items/equipment meeting the specified quality criteria. This function has to
be carried out by appropriate deployment of qualified personnel who have wide experience in their
respective fields. Inspection of all items supplied under this contract shall be carried out by
independent third party inspection agencies like Lloyds/ BV/ TUV/DNV. Third party inspection
charges for foreign origin items shall be quoted by bidder. Third Party Inspection shall be done by
owner approved third party inspection agencies.

Inspection authority means the Third Party Inspection Agencies (TPIA) approved by the Owner to
carryout inspection of materials.

The inspecting authority shall have the right to select random samples for check test and reject
materials, if samples furnished as above and tested as per the specifications fail to meet the
requirement specified.

All the items shall be inspected and tested in the presence of one or more representatives of the
purchaser during various stages of manufacturing. Material shall be considered acceptable for
dispatch only after final certificate of acceptance is issued by the Inspector. Testing performed in
the presence of the purchaser's representatives shall not relieve the supplier of their own
responsibilities and guarantees and any other contractual obligations.

Quality Assurance plan (QAP) / Inspection Test Plan (ITP) shall be submitted by bidder for
approval by Third Party Inspection Agency (TPIA).

The Contractor shall make arrangement for inspection and testing by statutory authorities, if
applicable, at various stages of the work.

Scope of Inspection by TPIA:

i) Review of MTC (all batches).

i) Visual check for surfaces, external appearance (10% random witness).

iii) Dimensional check (10% random witness).

iv) Positive Material Identification (PMI) for alloy steels/austenitic steels (10% random witness).

v) Hydrostatic test (10% random witness for pipes, fittings, valves, strainers, traps, collecting
heads, draw off connection, hoses, hose reels, extinguishers, bellows, personnel protective
equipments (if applicable for any item), fire fighting/protection equipments.

Hydrostatic test shall be10% random review for other items.

vi) Any testing/demonstration required as per relevant code/standard/specification:10% random
review.

vii) Packing: Report review.

viii) Documentation (MTC, Inspection Release Note): 100% Review.

TESTING
All testing shall be done, as per relevant specifications and/or NIT specifications.
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Non Destructive Testing

10% radiography of butt welds and 10% DP/ MP test of fillet welds shall be done for pipe

classes in 150# & 300#.

100% radiography on butt weld joints and 100% DP/MP for fillet welds test shall be done for pipe
classes in 600# & above.

Radiography procedure, areas of casting to be radiographed, and the acceptance criteria of valves
shall be as per ASME B16.34.

The minimum requirement of radiography shall be as under :

Pipe Class Size (NPS) Qty
150 Up to 24” 5%
150 26” & above 100%
300 Up to 16” 10%
300 18” & above 100%
600 & above All 100%
DOCUMENTATION

Drawings and documents (4 hard copies, 1 electronic copy & 1 as-built copy of each
drawing/document), for fire fighting/fire protection system, design basis, general
arrangement/layout drawings of fire water/ spray system/ sprinkler system/fire extinguishers/fire
fighting equipments, design adequacy calculations, material specifications, material take-offs
(linewise/consolidated), supplier drawings/specifications, inspection test plans, test certificates,
spares list, etc. shall be submitted by the Contractor for review/approval/information of
Owner/PMC/ Statutory authorities.
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PART Il: TECHNICAL

SECTION - 6.0

DESIGN PHILOSOPHY - ROTATING EQUIPMENTS

PLANT: NATIONAL FERTILIZERS LIMITED, NFL, NANGAL,
PUNJAB

PROJECTS: INSTALLATION OF NEW 2500 CUBIC METER
CAPACITY HORTON SPHERE FOR STORAGE OF
AMMONIA ALONG WITH ITS REFRIGERATION SYSTEM
AT NFL, NANGAL
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1.0 SCOPE
1.1 General
1.1.1 This Philosophy states that contractor’s scope of work shall include basic & detailed

engineering, procurement, supply, manufacturing, fabrication, transportation, loading,
unloading, insurance during transit, storage, construction, erection/ installation of all
Mechanical Rotating Equipment with allied electrical, instrumentation and civil
works, obtaining all necessary statutory approvals from concerned government
authorities as applicable, testing, mechanical completion, pre-commissioning,
commissioning, performance guarantee test runs including total project management
and handing over of New 2500 Cubic meter capacity Horton Sphere for storage of
Ammonia along with its refrigeration system, interconnection with existing Horton
Sphere (F2401) system including complete Mechanical, Electrical, Civil,
Instrumentation work at National Fertilizers Limited (NFL) Nangal on Single point

responsibility basis.

1.1.2 In addition, all statutory rules & regulations shall also be complied with.
2.0 DESIGN PHILOSOPHY FOR MACHINERY
21 Codes and Standards

The Latest Edition of codes and standards as listed below shall be followed for
design and manufacturing of different machinery items. Generally the manufacturer
will comply with these codes and standards as indicated therein with minor deviations
that are normally adopted by manufacturer and are reasonably accepted as per good

engineering practice.

A list of such deviations, if any, shall be furnished by the LSTK Contractor along with

offer.

Code Description

Reciprocating Compressors for Petroleum, Chemical and
API 618

Gas Industry Services
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Lubrication, Shaft-Sealing, and Control Oil System for

API| 614
Petroleum, Chemical and Gas Industry Services
Vibration, Axial-Position, and Bearing- Temperature
API 670
Monitoring Systems.
Special Purpose Coupling for Refinery Services,
API 671 P P PN A
Petrochemical and Gas Industry .
General Purpose Gear unit for Petroleum, Chemical & Gas
API 677
Industry
General practice for Machinery Installation and Installation
API 686
design
API 613 Special Purpose Gear Units for Petroleum, Chemical and
Gas Industry Services
API 678

Accelerometer and Vibration Systems.

Boiler & Pressure Vessel Code

Section V

Non-destructive Examination

Section VIII Division-1

Rules for Construction of Pressure Vessel

Section IX

Welding & Brazing Qualification

ASTM

A 193 Alloy steel & Stainless Steel Bolting material for High
Temperature or High Pressure Services

A194 Carbon & Alloy Steel Nuts for High Temperature or High
Pressure Services

A 668 Carbon and Alloy Steel Forging Specification

A 503 Ultrasonic testing of Forged Crankshaft

Performance Testing (ASME Codes)

PTC9 Displacement Compressors

ISO 1217 Displacement Compressors — Acceptance test

AGMA Standard

420 Practise for Enclosed Reducers or Increasers using Spur,
Helical, Herringbone and Spiral Bevel Gears.

421 Practise for High Speed Helical Gear Units.
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2.2 Design Life

All equipment shall be designed for a minimum service life of 20 years and at least 3
years of uninterrupted operation under normal operating conditions. This requirement

excludes specialised components requiring periodic maintenance and replacement.
2.3 Essential Project Reference Documents

The following documents shall be observed, and relevant aspects incorporated into

specifications and datasheets:
e Process Description, Specifications and Data Sheets from Licensor
e Hazardous Area Classification

e Electrical and Instrumentation Design Criteria
24 Regulations

Besides codes & standards, LSTK Contractor shall follow National Laws and
Regulations together with Local by Laws for the state including statutory

requirements as applicable.
25 Site Conditions

Site conditions shall be as defined elsewhere.
2.6 Material of Construction

Generally Materials of construction shall be as per the process licensor's

recommendation. However, API guideline may be adapted to the extent applicable.

Use of equivalent & superior material may be selected & shall be furnished with the

offer along with chemical composition.
2.7 Quality Assurance & Control

2.7.1 The quality assurance shall be as per the approved procedures, test methods &

facilities to be developed by the LSTK Contractor to ensure that the supplied
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equipment shall be of highest quality. The quality control shall mean that all the tests
, measurements, checks & calibration which are to be carried out may be compared

with the actual specified characteristics of the equipments/unit /system.

2.7.2 Quality Assurance (QA) shall mean the organizational set up, procedures as well as
test methods and facilities developed by LSTK Contractor in order to assure that the
machines & associated auxiliaries leaving LSTK Contractor’s shop are of the highest

possible quality i.e. either equal to or better than the requirement specified.

273 Quality Control (QC), shall mean all the tests, measurement, checks and calibration
which are to be carried out in LSTK Contractor’s shop in order to compare the actual
characteristics of the equipment/unit/system with the specified ones, along with
furnishing of the relevant documentation (certificates/records) containing the data or

result of these activities.

274 LSTK Contractor shall submit a comprehensive description (manual) of QA/QC
measures contemplated by him for implementation with regard to this specification. It
is contractual obligation of the LSTK Contractor to develop and implement adequate
QA/QC systems.

2.7.5 QA/QC system shall cover all products and services required for the complete

machine unit as per scope of work including job sub contracted by the LSTK

Contractor.
3.0 DESIGN REQUIREMENTS
3.1 General
3.1.1 All machines shall be directly coupled to their prime movers. If not, specifically

mentioned, the drivers shall have rated output at least 10% greater than the power

requirement at design operating condition of the driven equipment.

3.1.2 Copper (Cu) or Cu-alloy shall not be used for any components in Ammonia Plant & in

other plant for ammonia services.

3.1.3 All process pumps shall have Mechanical Seals. Single seals will be used in most
cases, however, for ignitable or hazardous fluids, double, or Inside Wet and Outside

Dry running seals will be used.
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3.1.4 Special tools and wrenches required for installation and maintenance shall be
provided.
3.1.5 LSTK Contractors have to submit the reference list for similar equipment’s

models (minimum 2 nos.) supplied in past for similar duty conditions of the
fluid . Reference list must contain at least the following: Fluid handled
Capacity, Suction Pressure/ Inlet Condition, Discharge Pressure/ Discharge

condition, Model No., Speed, Power consumption, Drive, Client Name, Address,

and Year of supply.
3.1.6 Provision of Coast down tank shall be made in the Lube Oil System.
3.2 Reciprocating Compressors

The reciprocating compressors shall confirm to National/ International standard,

latest edition. In addition to the above, the following shall be applicable:

3.2.1 Normal operating point of the compressor is as per process description and data
sheet. The capacity at Normal operating point shall have no negative tolerance. The
compressor performance shall be guaranteed for specified Normal operating point,

rated for process.

3.2.2 The Compressor shall have the maximum allowable sound pressure level of 85 dbA ,

measured at a distance of 1 Meter.

3.2.3 The equipment shall run continuously at relief valve setting without any difficulties or
damage.
3.24 Equipment should run satisfactory with stated performance at site. Any specific

requirement with respect to anchor bolt layout and foundation, input from vendor to

be communicated.

3.25 The compressor with auxiliaries shall be capable of operating under the environment
condition specified including indoor or outdoor installation, unusual humidity, dusty or
corrosive condition. All the equipment should operate satisfactorily under refinery/

chemical plant atmosphere.

3.2.6 The compressor should be capable of operating continuously at any full load, part

load or fully unloaded condition and should capable of start up.
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3.2.7 Maximum predicted discharge temperature; for all specified operating and loading

condition; should not be greater than 135 deg C.

High discharge temperature alarm and shutdown device to be provided with each

cylinder with provision of 100% unloading.

High discharge temperature | 20 K greater than Maximum predicted

alarm set point discharge temperature

Shutdown temperature set 30 K greater than Maximum predicted
point discharge temperature

The vendor shall provide predicted and adiabatic discharge temperature rise for each

cylinder.

3.2.8 The maximum piston rod loading shall be calculated considering safety valve set

pressure of each stage and corresponding lowest specified suction pressure.
3.2.9 Lateral and Torsional critical speed analysis shall be carried out to ensure the
elimination of any lateral and torsional vibration that may hinder the operating speed
range.

3.2.10 The piston speed for lubricated cylinder shall not exceed 4 m/s and for non-lubricated

cylinders it shall be limited to 3 m/s.
3.2.11 Machine shall be balanced to minimise lateral loads.

3.212 Safety relief valve set pressure shall be greater than 10% of maximum discharge

pressure or 1.7 bar greater than maximum discharge pressure, whichever is higher.

3.2.13 Non-lubricated compressors shall be provided with piston rings, packing made of

carbon filled PTFE or equivalent.

3.2.14 The design of compressor valve shall be such that the valve assembly cannot be
inadvertently interchanged or reversed e.g. Suction valve cannot be fitted into the

discharge port nor valve assembly upside down.

3.2.15  Valve plates and springs shall be made of stainless steel. PEEK may be used for
valve plates in case the vendor has experience of using it for similar service and duty

conditions.
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3.2.16 Distance piece of non-lubricated compressor shall of sufficient length to ensure that

no oil is in contact with gland packing.

3.2.17 The packing boxes shall be provided with atmospheric vents to minimize gas

leakage.

3.2.18 Pulsation dampeners shall be provided for meeting the residual pulsation

requirements as per API.

3.219  To minimise the need for heavy overhead pipe structures, suction and discharge
piping to and from the knockout drums should run close to grade, supported on

sleepers.

3.2.20 Frame lubrication system shall be provided with auxiliary pump driven by electric

motor for initial lubrication.

3.2.21 Cylinder lubrication, if required, shall be provided by a separate forced feed
mechanical lubricator complete with necessary tubing/piping, check valve and sight

flow indicator.
3.2.22 Full flow twin oil filter shall be provided.

3.2.23 The compressor shall be capable of developing maximum differential pressure

specified (minimum specified suction to maximum specified discharge pressure).

3.2.24 Bidder/Manufacturer is to provide the details of utility requirement.

4.0 INSPECTION & TESTING

All the compressors shall be subjected to inspection by Inspector of Purchaser or

authorised Third Party Inspection agency.

The Inspection and testing shall be in accordance with the all relevant codes,
standards, specifications, including the minimum guide line given in Annexure — 1
(attached).

4.1 All testing accessories, measuring instruments including NDT testing equipment, etc.
shall be arranged by LSTK Contractor. DM water shall be used for hydro testing of

the equipment which shall be supplied by client on chargeable basis.

4.2 In general, following tests shall be conducted for all rotating equipments:
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Material test

e Non-destructive test

e Hydrostatic test for all the pressure containing parts

¢ Dynamic balancing of rotor

e Helium leak test of compressor casing (if required as per APl Code)
e Mechanical running test of compressor

e Barring over check for reciprocating compressor

e NPSHR test for pumps

e Performance Test

e Disassembly Test

The tests required to be conducted and witnessed shall be specified in the
equipment data sheet. Disassembly test for Fans, Blowers & small Pumps can be

waived —off in case no problem occurs during mechanical / performance Test.
5.0 SPARES

51 All erection & commissioning spares shall be supplied by LSTK Contractor & cost

shall be included in the cost of main equipment.

5.2 2 years operation spares shall be supplied by the contractor as per ITB.
6.0 PAINTING
6.1 All exterior non-stainless steel surfaces subject to atmospheric corrosion with the

exception of machined surfaces shall be epoxy painted.
6.2 All exterior machined surfaces shall be coated with suitable rust preventives.

7.0 VENDORS LIST

All equipment shall be procured / fabricated as per approved vendor list. However,
LSTK contractor may have to furnish Proven track record / reference record of any

vendor opted for specified services / equipment, if, owner desires.
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For Any equipment for which vendor list is not enclosed, the LSTK Contractor may
furnish a list of proposed vendors along with their references for supply of similar
type of equipment along with bid. However all proposed additional sub-vendor shall
have well proven track record and shall be subjected to consultant / owner’s
approval.

8.0 LSTK CONTRACTOR/VENDOR DOCUMENTATION:

Drawings & Documents of machinery items/ rotating equipment shall be as
mentioned elsewhere in the ITB.

FORM NO: 02-0000-0021 F2 REV3 All rights reserved



T
PDIL

DESIGN PHILOSOPHY PC281-NFL-N/E-1/P-Il/6.0 0 .
ROTATING EQUIPMENT 5OCUMENT NO revl NS
INSTALLATION OF NEW 2500 CUBIC e
METER CAPACITY HORTON SPHERE FOR | SHEET 12 of 13
STORAGE OF AMMONIA AT NFL, NANGAL

1.0

2.0
3.1
3.2
3.3
3.4
3.5
3.6

3.7

3.8

3.9
3.10

3.11

ANNEXURE-1

INSPECTION & TESTING GUIDE LINES — ROTATING EQUIPMENT

SCOPE

This document covers the minimum guide lines for the Inspection & Testing for the

rotating Equipments.

All the compressors shall be subjected to inspection by PDIL Inspector/Inspector

of Purchaser or authorised Third Party Inspection agency.

The Inspection and testing shall be in accordance with the all relevant codes,

standards, and specifications as specified in Specification sheet.

COMPRESSORS AND DRIVERS

Material of casings or cylinders to be checked against test certificates.
For fabricated casings, inspection shall be as per APl 618.
Hydrostatic test on casings or cylinders to be witnessed.

Dynamic balancing of rotor.

Non- destructive test.

For fabricated impellers, welding procedure and welder's qualifications to be
established and impellers to be inspected before assembly. Impellers overspeed,

NDT after overspeed and dimensional inspection.

Ensure that overspeed tests on impellers have been carried out and related
certificate for dynamic balancing of impellers and subsequently the complete rotating
assembly shall be provided. The over speed test shall be carried out to prove the

impeller proper balancing and relevant certificate shall be provided.

Witness leakage test on lube oil tank and carry out internal and external inspection.

Tank to be finally inspected after internal coating and /or painting.
Inspect prefabricated lube oil piping.

Witness performance tests shall be done and check all safety and alarm devices

when contact instrumentation is fitted.

If spare rotating assembly is ordered, any running tests with spare fitted or the

dropping of the spare into the casing, as may be specified, to be witnessed.
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3.12 Strip inspection on completion of running tests. To include examination of all running

surfaces, checking of critical clearances, and examination of lube oil filters in the

tests.

3.13 Final inspection and dimensional check of compressors mounted on base plates.

3.14 Gearing, pinion forgings and main wheel forgings or castings to be inspected at forge
shop or foundry.

3.15 Any dynamic balancing of gearing rotors to be witnessed.

3.16 Fabricated gear cases to be inspected at sub-supplier's works.

3.17 Light or full load running tests, as specified to be witnessed on gearing.

3.18 Final inspection and dimensional check of gearing to be done at manufacturer's
works.
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DESIGN PHILOSOPHY - ELECTRICAL
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INSTALLATION OF A NEW 2500 CUBIC METER CAPACITY
HORTON SPHERE FOR STORAGE OF AMMONIA ALONG WITH
ITS REFRIGERATION SYSTEM AND INTERCONNECTION WITH

EXISTING HORTON SPHERE (F-2401) SYSTEM

AT
NFL, NANGAL
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1.0 SCOPE
1.1 This scope of works covers the complete design, engineering, manufacture, testing at

works, supply of all electrical equipment, dispatch, storage, handling, erection, testing
and commissioning at site of complete electrical system required for installation of a
new 2500 cubic meter capacity Horton Sphere for storage of Ammonia along with its
refrigeration system and interconnection with existing Horton Sphere (F-2401)
system at NFL, Nangal, India.

1.2 The electrical system shall comprise of receiving power, distribution up to consuming
apparatus, lighting, earthing, lightning protection, cathodic protection system etc.
necessary for satisfactory and safe operation of complete plant.

1.3 Owner will provide the followings. Further distribution shall be in LSTK contractor’s
scope. Owner’s feeder modification/retrofitting to meet the system / NIT requirement,
cable supply, laying, cable termination at both end, relay setting, etc. shall be in
contractor’s scope. Contractor may visit the site for better understanding.

- 2 nos. normal power feeder from existing 415V LT Board in MRSS (Feeder No. 23 &
32 of 1600A rating ACB). LSTK contractor to consider new PMCC to feed the new
consumers including lighting. For emergency lighting owner will provide one no.
emergency power feeder from emergency 415V MCC-1 in MRSS.

- One no. emergency spare motor feeder (18.5 kW) from emergency 415V MCC-1 in
MRSS however retrofitting of the switchgear [SFU + Power Contactor + Overload
Relay + Control Contactor (if required)] as per KW rating of motor shall be in LSTK
contractor’s scope and rest normal feeders shall be fed through new PMCC.

- Owner will also provide 2 nos. feeders from their existing AC UPS DB and 1 no.
feeder from their existing 110V DCDB.

14 This design philosophy contains specifications of the major equipments to indicate
the basic requirement and serve as a guideline. However, it shall be the responsibility
of the contractor to offer a complete electrical system of superior quality, even if the
specifications of certain items are not given.

1.5 The bidder shall offer the best and most suitable type of energy efficient equipments
manufactured by well known reputed manufacturers as per vendor list appended
elsewhere in this bid package. However for the sake of standardization of the
electrical equipment and material used for the electrical installation, the bidder shall
be ready to supply the equipment of a particular type and or make.

1.6 Construction power shall be provided free of cost by the owner at one point. Further
distribution through adequately rated distribution and sub distribution boards/feeder
pillars, power supply cables and other associated materials for feeding loads to carry
out construction and fabrication activities shall be in LSTK Contractor’'s scope.
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Bidder to indicate the construction power requirement with the bid. LSTK
contractor shall arrange emergency power (suitably rated DG Set) at his own cost
during construction in case of construction power failure to ensure the safety of
personnel at site.

1.7 Contractor shall provide adequate area lighting at site of construction, fabrication
yards and office etc. by means of suitable lighting fixture, lighting masts, flood lighting
poles etc. which are to be supplied and maintained by the contractor as per safety
aspect.

1.8 Electrical system studies like load flow study, short circuit study, motor starting study,
relay co-ordination study & relay setting of the electrical installation shall be
conducted by the contractor at appropriate stage of design-engineering. Contractor
shall also check the feasibility of existing transformer & 415V LT Board in MRSS
feeding the switchboard. Contractor shall ensure that the fault level of existing
switchboard shall not go beyond its design fault level.

1.9 Mandatory Electrical spares for operation and maintenance of the electrical system
shall be supplied by the contractor as listed elsewhere in this bid package.

1.10 Spares and consumables required and first oil fills including short fall during erection,
testing, cold trials, commissioning, performance evaluation tests, guarantee tests etc.
and till handing over of installation.

1.11 The scope shall also include obtaining all required statutory approval from all
statutory bodies. Contractor shall carry out all modifications/alterations required by
local statutory bodies.

1.12 Sub stations shall be provided with following equipment:
- CO, fire extinguishers (4.5 litre capacity) as per applicable NFPA.
- Synthetic insulating mats on front and back side of the switchboards as per latest IS.
- Framed single line diagram in Aluminium frame with glass.
- Do’s & Don’t chart as per Indian Electricity Rules in Aluminium frame with glass.

- Shock treatment chart written in English and Local language duly framed and
approved by engineer-in-charge.

- Caution boards / dangers boards written in ENGLISH & HINDI for all the voltage
levels.

- CPR (CARDIO PULMONARY RESUSCITATION) Charts.

- Low Voltage danger signage (Skull & bones).
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2.0

2.1

2.1.1

212

Exit Route / Emergency Exit Route Signage.

Earthing rod- Minimum 1 No. for each Voltage level.

Set of Sand buckets with stand (each with at least 3 sand buckets).
LT megger

Earth megger

LT hand Gloves (1 Set)

First Aid Box

Other requirement or any other unforeseen which may arises during detailed
engineering shall also be in LSTK Contractor’s scope

In case of any discrepancies between Design Philosophy — Electrical and Technical
Specification of equipment / item / work in respect of description of equipment / item /
work, the details indicated in the Design Philosophy — Electrical shall prevail.

BASIS OF DESIGN
General

The electrical installation shall be designed to provide:

e Necessary amount of power

e  Flexibility

e  Service reliability

e Ease of expansion

e Ease of operation and maintenance & inter changeability of equipment

o  Safety of personnel

The design of electrical installation shall ensure provision of a safe, efficient and
reliable supply of electricity at all times. Safe conditions shall be ensured under all
operating conditions including those associated with start up and shut down of plant
as well as those arising out of failure of electrical equipment. The isolation of part of
system of electrical equipment due to either maintenance or shut down shall not
compromise safety.

System shall be designed considering following aspects in general:-

e To facilitate inspection, cleaning and maintenance with the care to safety in
operation and personnel protection.

e  To minimise turnaround times.

FORM NO: 02-0000-0021 F2 REV4 All rights reserved



® HORTON SPHERE ALONG WITH ITS PC2BINFLNEPTO | O )
0 @ o T ‘ REFRIGERATION SYSTEM AT NFL, NANGAL | DOCUMENTNO. | REV. | W%
PDIL

DESIGN PHILOSOPHY - ELECTRICAL SHEET 9 OF 50

e To provide safety, reliability and flexibility of service.
e  Adequate provision for future extension and modification.
e Maximum interchangeability of equipment.

e Desired level of operator interface to achieve coordinated efficient and fail-safe
operation, data logging and maintenance of the equipment.

e To decide redundancy, stand by, spares and overload capacities to achieve
desired reliability and flexibility requirement.

o To get cost effective and techno commercially proven technology. Economic
considerations shall cover capital and running costs and an assessment of the
reliability and consequent availability of the system.

2.1.3 All the electrical consumers within the battery limit shall be correctly identified and
listed to have complete details of rating, efficiency, power factor, operating duty cycle
(continuous, intermittent, standby), category of supply required (emergency, normal,
critical) etc.

214 Required redundancy (based on specific process/operating needs) shall be built in
substation which feeds power supply to process units/important facilities so that in
case of tripping of one feeder, the unit may not be adversely affected and continuity
in operation at full capacity is achieved.

215 While sizing the system necessary consideration shall be given to restrict the system
voltage drop within permissible limits during starting of large rated motor. At the same
time, the short circuit current shall be kept within limits keeping in view of the market
availability of switchgears. For this purpose current limiting reactors/unit ratio
transformers if required may be used. Reduced voltage starting (soft starter feature)
for motors may be considered as per system requirements.

2.1.6 LSTK contractor while performing design and engineering activities shall adhere to
following guidelines.

a) If any equipment is not covered in this design philosophy but required for
successful operation of the project, LSTK contractor shall prepare additional
specifications for equipment or bulk material taking reference of
Indian/International Codes and good engineering practices prevalent in fertilizer
industry and obtain owner’s approval for the same.

b) The standard drawings attached with this package define the basic system
design and distribution philosophy for the package. This is for guidance purpose
only. LSTK contractor shall develop detailed drawings and submit for owner’s
approval.

c) LSTK contractor may note that equipment ratings, wherever specified in the bid
package, shall be considered indicative. LSTK contractor shall be responsible to
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verify the rating and consider providing equipment with adequate rating but not
less than the specified rating. Compliance should be without any extra cost and
time implications.

d) LSTK contractor shall consider any other requirement which is not covered in
this bid package, but required for successful operation of the plants without any
extra cost and time implications.

e) Contractor shall obtain approval from all statutory authorities such as Central
Electricity Authority (CEA)/Electrical Inspectorate, Chief Controller of Explosives
(CCoE), CPCB etc. for all electrical facilities including electrical switchboards &
panels supplied and installed by LSTK contractor.

f) LSTK contractor shall assist in Liaison and in all interface coordination with
contractors of other units of project at construction, erection, testing &
commissioning phase for any common facility.

g) Equipment specification sheet/data sheets for all equipment shall be prepared by
the contractor based on relevant codes and specifications. Data sheet shall
contain all technical data and information which are essential for review and
technical acceptability, detailed engineering, installation, testing, repair and
maintenance, replacement etc.

h) Contractor shall clearly specify in their purchase specifications, the requirement
of conducting other special tests/type tests, which are envisaged for various
electrical equipment, which shall have no impact on cost and time.

i) Bidder shall visit the site and collect all relevant information required for
designing of complete system before quoting.

i) All the electrical equipments shall be of proven design and technology.

Load Summary shall be prepared by LSTK contractor to determine ratings of
electrical equipments (switchgears, cables etc.). All calculation shall be
necessarily reviewed / approved by Owner / Consultant.

The maximum normal running load and the peak load shall be calculated as
follows:

Maximum Normal Running Load and Peak Load = (100% of sum of all
continuous load) + (40% of sum of all intermittent loads or largest intermittent
load, whichever is higher) + (10% of sum of all standby loads or largest standby
load, whichever is higher).

All the electrical equipments shall be designed / sized considering motor input
power (i.e. BKW divided by motor efficiency).

Line loss of 2% to be considered for equipment sizing.
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Electrical equipment shall be suitable for starting of the largest motor, while other
loads are running, considering peak load condition.

k) PMCC shall have capacity for future requirements. PMCC shall be rated for
125% of peak load.

2.2 Statutory requirement Codes and Standards

The design and the installation shall be in accordance with established codes, good
engineering practices and shall conform to the statutory regulations applicable in the
country. LSTK contractor shall be responsible for obtaining necessary approvals from
the statutory authorities e.g. Electrical Inspectorate, PESO (earlier CCoE) as
applicable before commissioning of electrical facilities. The CEA clearance for
electrical equipment and components thereof shall be obtained by the contractor.

2.2.1 Latest version of main codes, standards and statutory regulations shall be considered
as minimum requirements are as given below:

e Indian Standard Specification

e Indian Electricity Act

e Indian Electricity Rules

e International Electro-Technical Commission
e The Factory Act

e API Standards/IEEE

222 Some of the bare minimum relevant Indian Standards are as listed below. However,
system/equipment design shall be in line with latest edition of all applicable
standards.

IS: 722 AC electricity meters

IS: 732 Code of practice for electrical wiring installations system voltages not
exceeding 650V

IS: 1248 Direct acting analogue electrical measuring instruments and their
accessories: Part. 1 General requirements

IS: 1646  Code of practice for fire safety of buildings and electrical installations

IS: 1913  General and safety requirements for Luminaires (Tubular fluorescent
Lamp)

IS: 2148  Electrical apparatus for explosive gas atmospheres - Flameproof
enclosures “d”

IS: 2409 Code of practice for the protection of buildings and allied structures
against lightning

IS: 2705  Current Transformers

IS: 3034  Code of practice for fire safety of industrial buildings, electrical generating
& distributing stations
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IS: 3043  Code of practice for earthing

IS: 3156  Voltage Transformers

IS: 3646  Interior illumination: Part | & Part I

IS: 3716 Application guide for insulation co-ordination

IS: 4691  Degree of protection provided by enclosure for rotating electrical
machinery

IS: 5571  Guide for selection of electrical equipment for hazardous areas

IS: 5572  Hazardous areas other than mines for electrical insulations area having
flammable gases and vapours

IS: 5578  Guide for marking of insulated conductors

IS: 6362  Designation of methods of cooling of rotating electrical machines

IS: 6381  Construction and testing of electrical apparatus with type of protection “e”
IS: 6665 Code of practice for Industrial lighting

IS: 7689  Guide for control of undesirable static electricity

IS: 8084 Interconnecting Bus bars for AC voltage above 1 KV upto and including
36 KV

IS: 9628  Specification for three phase induction motor with type of protection “n”
IS: 9676  Reference ambient temperature for electrical equipment

IS: 11353 Guide for uniform system of marking & identification of conductor &
apparatus terminals

IS: 12360 Voltage bands for electrical installations including preferred voltage and
frequency

IS: 12459 Code of practice for fire protection of cable runs
IS: 13234 Guide for short circuit calculations

IS: 13346 General requirements for electrical apparatus for explosive gas
atmosphere

IS: 13408 Code of practice for the selection, installation and maintenance of
electrical apparatus for use in potentially explosive atmospheres

SP: 30 National Electrical Code (NEC) - BIS Publication

223 Any other standard may be followed provided it is equivalent or more stringent than
the standards specified above.

224 In case of any conflict/deviation amongst various documents the order of precedence
shall as be as follows:

e Statutory Rules/Regulations
e Design Philosophy
e Engg. Standard Specifications/Technical Specification/Installation Standards etc.

o Applicable IS/IEC standards
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In case of contradiction / conflict among documents and statutory requirement, LSTK
Contractor shall refer to Owner for clarification. However, most stringent specification
shall be followed with Owner’s approval. Owner decision shall be considered as final.

2.3 Site Conditions

The equipment shall be designed for the following site conditions:-

A. Maximum ambient temperature  46°C
B. Minimum ambient temperature  2°C
C. Design Reference Temperature 50°C
D. Relative Humidity 100%
E. Altitude above mean sea level <1000 M
F. Atmospheric pollution Dusty and corrosive due to presence of
vapours of Ammonia and Urea Dust.
G. Seismic Zone Zone-lV, IS: 1893-2002
H. Design Wind Speed 170 Km/hr
3.0 AREA CLASSIFICATION
3.1 The hazardous zones within the project area shall be classified according to the

requirement of IS/IEC. The bidder shall furnish area classification drawing.

3.2 All electrical equipments installed in the areas classified as hazardous shall be
certified for such use by a recognized international certifying authority such as
CIMFR (earlier CMRI), Dhanbad/PESO (earlier CCoE), Nagpur etc.

For those items where overseas OEM vendor will supply the electrical equipment
certificate from international authority can be accepted but the certification shall be
approved by PESO (earlier CCoE), Nagpur India.

4.0 SYSTEM DETAILS AND UTILIZATION VOLTAGES
4.1 The various voltage levels for power distribution shall be as follows:

In this Design Philosophy LV system voltages have been indicated as 415V, 3 phase
and 240V, single phase. However, LSTK contractor shall consider system voltage
400V or 415V as per latest amendment of relevant Indian Standard.

A. Normal Power 2 nos. feeder at 415V + 10%, 50Hz + 5%, 3 Ph,

4 W, Fault Level 31MVA

B. Emergency Power :13 no. motor feeder at 415V + 10%, 50Hz + 5%,
Ph

1 no. power feeder at 415V + 10%, 50Hz £ 5%,

3 Ph

Fault Level 31MVA

C. Distribution Equipment a) 415V £ 10%, 50 Hz + 5%, 3 Ph, 4 W solidly

grounded neutral.
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b) 415V + 10%, 3 Ph, 4 W/240V £ 10%, 1 Ph,
2W, 50 Hz + 5% solidly grounded neutral.
Combined variation in voltage & | + 10%

frequency
Control Supply for:
- 415V motors AC 240V = 10%, 50 Hz % 5%, 1Ph (For
contactor controlled motors)
DC 110V = 5% (For breaker controlled motors)
- Switch Gear:
a. Closing & tripping DC 110V £ 5%, 2 W
b. Auxiliary power AC 240V + 10%, 50 Hz + 5%, 1Ph, 2W
- Instrumentation and AC 115V + 5%, 50 Hz + 2% 1Ph, 2W

Automation, DCS & auxiliaries
Voltage Ratings

- Motors upto 150 KW 415V, 3 Ph AC

- Heaters To Manufacture’s requirement
- Space heaters 240V, 1 Ph AC

- Lighting 415V/240V AC

- Panic Lights 110V DC

Power Sockets/Receptable 415V, 3 Ph AC/240V, 1 Ph AC
Portable safety lamps & Tools | 24V AC

4.2 Electrical System Studies

4.2.1 Contractor shall carry out following Electrical System Studies of the electrical
installation using latest software preferably ETAP latest version and the result of the
same shall be furnished. ETAP Native file (editable copy) along with its base file &
complete library shall also be submitted for owner's review as well as with final
documentation.

Load Flow Studies
Short Circuit Studies

Motor Starting Studies
Relay Co-ordination & Relay Settings

422 Contractor shall also check the feasibility of existing transformer & 415 V LT Board in
MRSS feeding the switchboard in Contractor’'s scope. Contractor shall ensure that
the fault level of existing switchboard shall not go beyond its design fault level
(31MVA).

4.3 System Earthing

The neutral of 415V supply system shall be solidly earthed. The DC system shall
have positive pole earthed through high impedance. Prospective touch voltage
earthing shall comply with the requirements of relevant Indian/IEC Standards.

5.0 POWER SUPPLY DISTRIBUTION

51.1 Owner will provide the followings from their existing system:
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- 2 nos. normal power feeder from existing 415V LT Board in MRSS (Feeder No. 23 &
32 of 1600A rating ACB). LSTK contractor to consider new PMCC to feed the new
consumers including lighting. For emergency lighting owner will provide one no.
emergency power feeder from emergency 415V MCC-1 in MRSS.

- One no. emergency spare motor feeder (18.5 kW) from emergency 415V MCC-1 in
MRSS however retrofitting of the switchgear [SFU + Power Contactor + Overload
Relay + Control Contactor (if required)] as per KW rating of motor shall be in LSTK
contractor’s scope and rest normal feeders shall be fed through new PMCC.

Owner will also provide 2 nos. feeders from their existing AC UPS DB and 1 no.
feeder from their existing 110V DCDB.

Further distribution including laying of cable, cable termination at both end, owner’s
feeder modification/retrofitting to meet the system / NIT requirement, relay setting etc.
shall be in LSTK contractor’s scope.

Contractor may visit the site for better understanding.
5.1.2 The electrical system shall be designed for a high degree of reliability and availability.-

51.3 Power distribution to equipment at 415/240 V, 115 V (UPS) AC, 110 V DC etc.
through proper type and size of cables, their supply, erection, testing and
commissioning etc. shall be in Contractor's scope. The supply system shall be
designed for maximum power requirement of the plant.

51.4 Emergency power shall cater to the load of emergency lighting, Fire alarm system,
PA & Paging system etc. in addition to the process loads as per detail design.

515 Emergency power distribution to all emergency equipments at 415V/240V AC
through proper type and size of cables, their supply, erection, testing &
commissioning etc. shall also be in contractor’s scope.

5.1.6 Each incoming feeder shall be sized for 125% load of the switch board. The outgoing
feeders shall be sized for the nominal load.

51.7 The entry of cables in the switchboards shall be from bottom only.

51.8 All switchboards shall be provided with minimum two incoming feeders and one bus
tie having auto/manual changeover facility.

51.9 It shall be possible to have momentary paralleling of power sources at 415 V PMCC
and trip the desired circuit breakers.

5.1.10  The normal operation of the Power-cum-Motor Control Centre (PMCC) shall be as
under:
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i) Bus coupler shall be provided between all the sources. Incomer and bus coupler
breaker rating shall be same for all the switchboards.

i) Each incoming feeder shall independently feed the loads on respective buses
with full rated bus tie breaker open and the load on each bus balanced. In order
to ensure maximum degree of reliability and continuity, automatic transfer from
one incoming feeder to other shall be possible through auto/manual closing of
bus tie breaker in case of sustained loss of power on any bus section.

iii) The bus tie breaker shall be provided with auto/manual selection. The bus tie
breaker shall be independent in manual mode. In auto selection mode, the bus tie
breaker is electrically interlocked with incoming circuit breakers, so that it cannot
be closed unless one of the incoming breakers is open.

iv) When one of the incoming feeder trips, the bus tie breaker is closed automatically
based on the philosophy described below and the total load is transferred to other
healthy incoming feeder which is capable of carrying the entire load. Sufficient
switchgear capacity is to be provided. Time for changeover is suitably selected
based on downstream system requirement of reacceleration of motors etc.

v) Auto Change Over scheme shall be provided for incomer feeders and bus
coupler feeder of 415V Switchboards (PMCC). Under normal operating
conditions, incomer-1 and incomer-2 breakers shall be closed and bus coupler
breaker shall remain open with ‘Local-Remote-Off switch in ‘Remote’ position.
The bus coupler breaker shall close automatically under the following conditions
being fulfilled:

e Either of the incoming breaker trips due to under voltage (70% or below).
e Voltage on the healthy bus is more than 80% for the set period.

¢ Residual voltage on the bus with no power supply comes down to 30% or
below.

Required nos. of bus PT, line PT and under voltage relays shall be provided to
achieve the desired automatic changeover.

vi) Auto transfer shall take place only on sustained loss of power on either of bus
sections. Auto transfer shall be blocked in case of fault on either of bus sections
or no power on both incomers.

vii) Paralleling of two incoming feeders is not foreseen. However, facility for
momentary paralleling shall be provided for intentional changeover without
interruption of supply with synchro check relay in Bus Coupler panel. There shall
also be provision of selective tripping of one feeder out of three feeders (two
incoming feeders and one Bus Coupler).

viii) Tripping of incomer breakers shall be prevented in case of loss of power of both
the incomers.
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51.11 EPMCC shall have 3 incomers (2 nos. normal power incomers & 1 no. emergency
incomer) and 2 bus couplers for feeding critical load of plant whereas PMCC shall
have 2 nos. normal power incomers.

5.1.12  HVAC for control room shall be fed from emergency switchboard.

5.1.13  An Auxiliary Services Power Board (ASPB) having essential and non-essential bus
shall be provided in the plant for supplying power to welding switch sockets, lighting
load, EOT crane and other auxiliary loads.

5.1.14  Separate MCCs shall be provided for air conditioning and ventilation system.
5.2 Instrumentation Power

5.2.1 Owner will also provide 2 nos. feeders from their existing AC UPS DB. The power
supply for instrument shall be made available at 115V, 1Ph.

5.2.2 New 115V AC UPS DB (by the bidder) shall be located in the control room.

5.2.3 Provision for 240V, 1 Ph power for lighting of instrument panels shall be provided
from LSDB.

5.3 Lighting Distribution

5.3.1 In each substation a Main Lighting Distribution Board (MLDB) shall be provided. The
MLDB shall consist of two bus sections, namely Normal and Emergency. The normal
lighting bus shall receive power from non-essential bus of ASPB and emergency
lighting bus from essential bus of ASPB through 415/433 V lighting transformers of
suitable rating. However, in the areas where ASPB is not envisaged, the Lighting
Distribution Boards shall receive power from PCC/MCC through 415/433 V lighting
transformers of suitable rating. One-third lighting load shall be connected to the
emergency power to provide certain light during failure of normal power.

53.2 Both normal and emergency section of MLDB shall have separate sections of bus
bars for indoor and outdoor lighting. Outdoor bus sections shall be connected by
means of suitably rated contactor operated through photo-cells/clock timer.

5.3.3 Manual by-pass circuit for outdoor lighting shall be wired up to a switch located in
electrical control room/shift office, so that outdoor lighting can be switched ON or
OFF manually to override the automatic switching.

5.3.4 All outdoor lighting fixtures including outside lighting of Sub-Stations, Control Rooms
etc., shall receive power from outdoor lighting bus.

5.3.5 Main Lighting Board shall feed Lighting Sub Distribution Board having 63A TPN MCB
as incomer and 16 Amp as SPN MCB and RCCB as outgoing. 6, 9, 12 or 18 way
Lighting Sub Distribution Board shall be used.
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5.3.6 Both the lighting transformers feeding MLDB and their respective circuit breakers
shall have same rating. Both the lighting transformers shall be designed for 100%

load of MLDB.

5.4 DC Power

54.1 110 V DC system shall be provided for control of circuit breaker feeders and panic
lighting.

54.2 Owner will 1 no. feeder from their existing 110V DCDB. New 110V DCDB (by the
bidder) shall be located in the existing substation.

6.0 SUB-STATION

6.1 The Sub-Stations shall be located near the load centres but away from hazardous
areas as per IS/IEC. The substations shall also be provided with toilet with wash
room facility. Tentative sizes of the substations marked on plot plan indicate minimum
dimensions required. However, actual size of substations shall be based on the final
dimensions of substation equipment. If more space is required during detail
engineering the contractor may increase the size as per the actual requirement.

6.2 The sub-station building shall have single storey construction. The switch room shall
have Kota stone flooring. False ceiling and air conditioning shall be provided in VFD
room, staff room & Engineers room. Cable entry to the substation shall be through
cable trench.

6.3 Substation shall have rolling shutter of adequate size at one side for equipment
shifting.
6.4 The layout of equipment shall be such that it shall have adequate space for

installation, operation, maintenance and future expansion.

The clearance of equipment from the walls/other equipment shall be adequate to
ensure safety of working personnel. Generally the following norms shall be
maintained:

i. PMCC:

a) A clear space of 1.25M behind the deepest panel.

b) A clear space of 3M between the two boards facing each other.
c) A clear space of 2.5M on either side at entrance / exit.

d) A clear space of 1.5M between two boards in same line.
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6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

ii. Distribution Boards:

a) A clear space of 1.5M behind the double front switchboards and 1M for single
front.

b) A clear space of 2.5M between the two boards facing each other.
c) A clear space of 2.5M on either side at entrance/exit.
d) A clear space of 1.5M between two boards in same line.

The substation shall be provided with AC (Air Conditioning Ventilation System) and
temperature of substation shall be maintained 25+2 deg C.

All doors and windows shall have anodised aluminium frame and provided with
toughened glass.

Staircases and other rooms shall be paved with Kota stone.

Continuous fixed type glass ventilators on all sides shall be provided near the ceiling
height for natural lighting.

Arrangement shall be provided for lifting heavy equipment to be brought into the sub-
station.

Sufficient nos. of entrances (min. 2) shall be provided.

The sub-station shall house all the electrical power, control and monitoring equipment
except those required for operation in the field. The equipment shall broadly include
the following:-

e  Power cum Motor Control Centres

e Auxiliary Service Panel Boards

e Lighting Transformer (Indoor / Outdoor as per requirement)
e Lighting Distribution Boards

e DC Distribution Boards

e Input/ Output Panels

e VFD System

e Any other equipment required

All static devices such as Variable Speed Drive Panels etc., shall be housed in air
conditioned room. Heat load for panel to be taken by panel manufacturer.

In substation, space for future extension of switchboard shall be provided. One panel
extension space on each side (for each bus section) or two panel extension space on
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one side (in exceptional cases) shall be provided for PMCC and ASPB. In addition,
space for future extension of the substation building shall be considered.

6.14 Fire protection for switchgear room shall be provided to comply with requirements of
Indian Standard.

Substations shall be provided with smoke detectors and fire alarm system as
specified elsewhere in the ITB and as per relevant Indian Standard.

6.15 Fire barriers shall be provided at cable entry/exit point. Cables shall have fire
protection paint for 1 m length at building entry points for above ground cables.

7.0 PROTECTION & METERING
71 Selection and co-ordination of protection and metering system shall be such as to
ensure:

e  Selective, sensitive and reliable protection of equipment against damage due to
internal or external faults or atmospheric discharge.

e |solation of fault in the shortest possible time.
e  Simplicity of the scheme with maximum protection.
e Uninterrupted operation of healthy system.

e Personnel & plant safety.

7.2 Protective relays shall be of latest version, microprocessor based numerical type with
communication port. 100% redundancy shall be provided for communication.
Numerical Relay shall have communication on IEC-61850 protocol in redundant
mode and meters shall have communication on MODBUS protocol.

7.3 Numerical relay shall have future provision for connecting with substation HMI.
Separate multifunction meter with communication shall be used and shall not be part
of protective device.

7.4 Relays shall support features like remote relay parameterization, disturbance
recorder etc. It shall be possible to set/operate the relay from the front facia. Lock out
relay shall be conventional type with hand reset facility.

7.5 Special protection if required for any feeder such as differential, restricted earth fault,
directional distance power relays etc. shall also be through numerical relay having
serial port for monitoring.

7.6 Trip circuit supervision relay shall be VAX-31 and Lock out relay shall be VAJHM.

7.7 In general, fast acting relays (with time delays if required) shall be used and all fault
tripping shall be done through high speed tripping relays.
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7.8 Bare minimum protection for power distribution system shall be as indicated below.

However, LSTK contractor shall provide any other necessary protection required for
complete protection of system:

Type of Protection Outgoing Feeder Incomer
PMCC PMCC

51 - IDMTL over-current Yes Yes

51N - IDMTL earth-fault Yes Yes

51G - backup E/F (secondary No No

neutral)

Motor protection with locked Yes (5) No

rotor feature 50, 50N, 46, 49,

50L/R etc.

64R - instantaneous restricted No Yes (17)

earth-fault (secondary side)

50 - instantaneous over- No No

current

50N - instantaneous earth-fault No No

87 - differential protection No No

86 - tripping Yes (10) Yes

95 - trip circuit supervision Yes Yes

63 - Auxiliary Relay including No No

pressure release device

(Transformer)

27, 2- under-voltage with timer - Yes (3)

25 - check synchronisation - Yes (6)

relay

Notes :-

1. -

2. -

3. For switchgears where auto transfer feature is provided.
4. -

5. For motor feeders rated 75 KW and above.

6.

For switchgears having bus transfer scheme. Where continuous or momentary
paralleling is envisaged. Check synchronising relay shall be integrated with

overall paralleling scheme.

The bus tie feeder in switchboards shall be provided with 51, 51N, 86 and 95

relays.
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8. -

9. One no. DC supply supervision relay (80) shall be provided for each incoming
DC supply to the switchboard with audio/visual annunciation.

10. Two sets of 86 relays shall be considered for each motor feeder. One for
electrical tripping and other for process tripping. 86 relay for process trip shall be
of self reset type with flag.

11. Pilot wire protection (85) shall be provided for inter substation incomer cables.

12. PT fuse failure relays in LT panels and busbar differential supervision relay
(VTX31) shall be provided.

13. Value of stabilising resistor for differential relay (CAG 14) to be selected suitably
based on fault level.

14. The breaker contacts for critical logic (upstream/downstream tripping,
changeover etc.) shall be provided directly from breaker auxiliary contacts and
not from auxiliary contactors.

15. Memory/History of the Numerical relay shall not get erased due to loss of
auxiliary supply of the relay. Preferably similar make of relays to be installed in
one particular substation.

16. -
17. -

7.9 Metering instruments shall be provided to keep record of power consumption and
supervision of all concerned parameters like current, voltage, power (Active,
Apparent and Reactive), frequency, power factor, Energy (Active & Reactive) etc. All
the instruments shall be flush mounted. All meters shall be digital multifunctional
meters with communication port. Additionally analogue type ammeter, voltmeter and
Hour Meter shall be provided separately for various feeders as indicated below:

Feeder Type Al YV Hour Digital Tri Vector
Run | Multifunctional | Meter (TVM)
Meter
PMCC Incomer ViV - 4 4
PMCC Bus Tie v - - v -
PMCC Bus P.T. - v - - -
ACB Outgoing Vv - 4 -
LT Motor (ACB Controlled) v - 4 4 -
MCC/ASB Incomer ViV - 4 -
MCCB/SFU Outgoing (2250 A) | v - - - -
LDB Incomer vV v - 4 -

8.0 CONTROL AND MONITORING
The following provision shall be made for control and monitoring of following
electrical equipments.
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8.1 Motors Controlled Through Circuit Breakers

e Ammeterin LCS and in switchgear.
e  Current monitoring at DCS, where required from process point of view.

e Indication Lamps in switchgear for ‘ON’, ‘OFF’, ‘Auto-trip’ and ‘Trip Circuit
Healthy'.

e  Emergency trip in switchgear.

e Winding and bearing temperatures of motors shall be available at DCS in control
room.

e  Process interlock in CCR, where required.
e  Motor Space Heater Ammeter

e TNC switch, L/R switch, Indication lamp for ON, OFF, Trip, Space Heater ON,
Motor Ready to Start shall be provided on LCS.

8.2 Medium Voltage Motors Controlled Through Contactors

e  Ammeter in LCS for motors of 5.5 KW and above or as required from process
point of view.

e  Current monitoring in DCS, where required from process point of view.
e  Emergency Trip in PCC/MCC.

e  Process interlock in CCR, where required.

° Indication lamp for ‘ON’, ‘OFF’ and ‘Fault’ in switchgear.

e Indication lamp for ‘ON’, ‘OFF’ in remote (DCS/PLC etc.)

e Start PB, Stop PB, L/R switch, Indication lamp for ON, OFF, Space Heater ON
(motor rated 30KW & above), Motor Ready to Start (for all critical motors) shall
be provided on LCS.

9.0 EQUIPMENT SPECIFICATION
9.1 General Constructional Features
9.1.1 The equipment shall be suitable for tropical climate conditions and corrosive and

saline atmosphere.

9.1.2 The equipment to be installed in indoor plant area shall be enclosed in dust, damp
and vermin proof enclosure equivalent to IP 54 as per relevant Indian Standards/IEC.

9.1.3 The equipment to be installed in outdoor plant area shall have IP 55 enclosure.

914 All external hardwares shall be of stainless steel.
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9.1.5 All electrical equipment installed outdoor shall be provided with rain protection hood /
canopy (2 mm thick aluminium sheet bent to shape). PA stations shall have acoustic
hood.

9.1.6 The LV switchboards, to be installed inside the substation building shall have degree
of protection IP 52 up to 1600A rating and IP-4X above 1600A rating. Equipment
located in air conditioning room may have IP 43 enclosure however, opening for the
ventilation shall be covered with fine wire mesh.

9.1.7 Creepage distance shall be 31mm/kV (for highest system voltage) for all equipment.

9.1.8 The equipments to be located in hazardous areas shall be suitable for hazard
involved and shall have the following additional explosion protection:

Equipment Zone-1 Zone-2

i) Motors Exd HV motor - Exd

LV motors - Exe

i)  Starter panels Exd Exd

iii)  Control panels Exd/Exp Exd

iv)  Local Control Stations Exd Exd

v)  Lighting fixtures, hand lamps Exd Exe/Exd

vi)  Switch sockets Exd Exd

vii)  Switches/Isolators Exd Exd

viii) Junction Boxes Exd Exd

ix) Exhaust Fan Exd Exd

x)  Other equipments producing sparks Exd/Exp Exd
under normal operation

xi)  Other equipments not producing Exd/Exp Exn/Exe
sparks

9.1.9 Motors for hazardous area application, when fed from VFD shall have enclosure
protection flameproof Ex'd’ irrespective of area classification.

9.1.10  All electrical equipment installed inside a compressor shed where hydrogen is being
processed/handled shall be flameproof type suitable for gas group-IIC irrespective of
gas group (IIA/1IB/IIC) and area being classified as Zone-1 or Zone-2.

9.1.11 All the electrical equipment shall be provided with stainless steel heavy duty double
compression industrial type cable glands and crimping lugs for the cable
terminations.

9.1.12  The outside surface of all equipment shall be painted after suitable pre-treatment by
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9.2 Switchboards
9.21 General

9.2.1.1 Design and manufacturing of LT Switchboard by channel partner, franchise or sub-
vendor of the OEM shall not be acceptable in any case.

9.21.2 There shall be three positions for Breaker/Contactor trolley: - Service, Test and
Isolate. In service position, the power connections shall be made; but in test and
isolate mode, the power connection of bus bars shall be automatically removed.

9.2.1.3 ACB feeder for PCC, PMCC & MCC shall be single front for ease of operation &
maintenance. Non-ACB feeders for motors or power may be double front type.

9.2.1.4 LV circuit breaker shall be 4 Pole type except for outgoing motor feeders which shall
be 3 Pole type.

9.2.1.5 Suitable shutter arrangement shall be provided to protect the person from accidental
contact with live bus in trolley chamber.

9.2.1.6 Degree of protection for LV switchboards shall be IP-52 for rating up to 1600A and
IP-4X above 1600A.

9.2.1.7 All Switchboards shall be LOTO compliance.
9.2.1.8 All switchboards shall be suitable for closed door operation.

9.2.1.9 LV switchboard shall conform to IEC 60947. LV switchboard shall be TOTAL TYPE
TESTED (TTA) design as per IEC 61439-1/2. Type Test Certificates for short circuit
withstand of 50kA for 1 sec. along with ACB mounted in the switchboards shall be
provided.

9.2.1.10 LV switchboards shall comply with Internal Arc Containment test as per IEC 61641.

9.2.1.11 Bus bars shall be made of high conductivity aluminium alloy of rectangular cross-
section and shall be provided with heat shrinkable Raychem sleeves.

9.2.1.12 FRP supports shall be used for bus bars with adequate clearances and creepage
distance to prevent flash over due to effect of dust moisture.

9.2.1.13 Protective relays shall be mounted on the front of the switchgear panel.

9.2.1.14 Protective relays for incoming feeders, bus ties, outgoing feeders and motor feeders
shall be microprocessor based numerical type with communication facility. Drawout
type relays shall be used.
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9.2.1.15 All meters shall be digital multifunctional meters with communication port. Additionally
analogue type ammeter, voltmeter and hour meter shall be provided separately for
various feeders as indicated under clause No. 7.9 above.

9.2.1.16 A continuous ground bus shall be provided at the bottom of the switchgear and in
cable connection side for grounding the switchgear, breaker trolley as well as to
ground the cable glands.

9.2.1.17 The minimum thickness of sheet steel used in LV switchgear including ASPB etc.
shall be as under:-
a) Base Channel minimum 3.0 mm
b) Load Bearing Members minimum 2.0 mm
c) Doors and covers minimum 1.6 mm

9.2.1.18 Switchboards shall have adequate short-circuit ratings and be suitably sized for the
load and spare capacity foreseen. The short time rating of busbar shall be 1 second
for LV Switchboards & Distribution Boards.

9.2.1.19 LV switchboards shall have sufficient no. of spare outgoing feeders to the extent of
min. 20% for each type & rating rounded off to next higher digit.

9.2.1.20 The switchboards shall have PVC insulated busbar system suitable for rated voltage.
At joints of these busbars removable shrouds shall be provided.

9.2.1.21 All switch boards shall generally have two sections operating independently with two
100% rated incoming feeders and with bus coupler open having facility for
changeover in the event of failure of either of the incoming circuit breakers.

9.2.1.22 No common alarm circuit (except hooter/bell) in bus coupler feeders as each feeder
will have its own microprocessor based annunciator.

9.2.1.23 Auto changeover scheme shall be provided for incomers and bus couplers on PMCC.
Under normal operating conditions, incomer-1 and incomer-2 breakers would be
closed and bus coupler breaker would remain open with ‘auto-manual’ switch in ‘auto’
position. The bus coupler switch would close automatically under the following
condition being fulfilled:-

i. Either of the incoming breaker trips due to under voltage (70% or below).

ii. Voltage on the healthy bus is more than 80% for the set period.
iii. Residual voltage on the bus with no power supply comes down to 30%.
iv. Auto change over shall be locked on loss of power on both the incomers.

9.2.1.24 Auto changeover shall also be provided on switchboards catering to emergency
loads.

9.2.1.25 Paralleling of two incoming feeders is not foreseen. However, facility for momentary

paralleling shall be provided for intentional changeover without interruption of supply.
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9.2.1.26 Every enclosure door that provides access to live parts operating at 240 V AC and
above shall be mechanically interlocked with a circuit interrupting device on the
supply side such that when the door is open, the equipment is de-energised.

9.2.1.27 Control supply for motor feeders having switch-fuse units in PMCC/MCC and VFD
panels etc., shall be taken from panel itself and motor controlled with breaker shall
have 110 V DC control supply.

9.2.1.28 For motors with auto-starting provision, trip of a running motor will start standby
motor automatically.

9.2.1.29 For all other specifications, refer TS-8060, TS-8080 and TS-8083. Schematic
diagram {PDS-1201 (Sh. 1 to 16)} shall also be referred as general guideline for
designing the control schemes for various types of feeders.

9.2.2 Low Voltage Switchgears

9.2.21 415V switchboards shall include the following:
a) Power-cum-Motor Control Centres (PMCCs)
b) Main Lighting Distribution Boards (MLDBs)
c) Auxiliary Services Power Boards (ASPBs)

d) Emergency Power Distribution Boards

9.2.2.2 Low voltage switchboards shall be metal clad, arranged with self supporting units and
assembled together in a row.

9.2.2.3 The switchboards shall be suitable for extension at both the ends.

9.2.2.4 The main bus bars of LV switchboards shall have heat shrinkable insulated sleeves
and shall be made of high conductivity aluminium alloy.

9.2.2.5 Bus bars shall be of uniform cross section and supported on non-hydroscopic FRP
insulators with adequate clearances and creepage distance to prevent flash over due
to effect of dust/moisture.

9.2.2.6 Sufficient bus supports shall be given to give adequate mechanical strength during
short circuits.

9.2.2.7 A continuous ground bus shall be provided at the bottom in the PCC/MCC for
grounding the PCC/MCC.

9.2.2.8 Rated short circuit breaking capacity shall be minimum 50 KA for 1 sec.

9.2.2.9 All feeders of PCC and incoming and bus coupler feeders of PMCC shall be provided
with draw out type air circuit breakers.
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9.2.2.10 Motor rated below 75 KW rating shall be contactor controlled and 75 KW and above
shall be ACB controlled with combined motor protection relay. All other feeders of
415 V switchboards shall be provided with switch-fuse units. All outgoing feeders
shall be drawout type in all the switchboards.

9.2.2.11 Switchboards shall be provided with thermostatically controlled anti-condensation
heaters.

9.2.2.12 All units in the MCC shall be completely accessible and removable from front. Both
power and control connections shall be plug-in/stab-in type.

9.2.2.13 Busbar clearances shall conform to relevant Indian Standard/IEC for equipment
voltages up to and including 500 V AC.

9.2.2.14 The draw out modules shall be standardized and it shall be possible to interchange
any module with a module of same size. The components to control the equipment
like switch, starter, fuse, auxiliary relay etc. shall be wired as a unit on the individual
module. Safety shutter shall be provided to prevent direct access to live parts when
the chassis is removed.

9.2.2.15 The entire draw out construction should be designed for safe operation during
placement or removal of chassis. An earthing arrangement shall be provided which
will make contact first before the power contacts are made and break last. Each
module shall control one motor in general.

The door shall be interlocked so that it cannot be opened unless the isolating switch
on that module is OFF. However, it shall be provided with a door defect mechanism
for intentional opening when on line for testing and inspection purpose.

9.2.2.16 Control switches for breaker control shall be provided in each breaker cubicle. Circuit
breaker shall be interlocked to prevent withdrawal of a closed breaker or insertion of
a closed breaker. Each breaker shall be provided with anti pumping device.

9.2.2.17 Provisions shall be made to manually close/trip circuit breakers on loss of control
voltage.

9.2.2.18 All low voltage switchboards shall be provided with 20% spare outgoing feeders
rounded off to next higher digit of each type & rating (fully wired) and with all the
components.

9.2.219 All ACB feeders shall be provided with ON, OFF, Trip, Trip Circuit Healthy
indications.

9.2.3 Auxiliary Supply Power Board

The ASPB shall generally be double front, non-drawout type having essential and
non-essential bus. Non-essential bus shall be disconnected in case of failure of
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normal supply through a contactor. ASPB in single front execution also may be
adopted.

924 Distribution Boards

The Distribution Boards shall be single/double front, non-drawout type and shall feed
the auxiliary supplies as per requirement.

9.3 Direct Current Distribution Boards

9.3.1 The Direct Current Distribution Boards (DCDBs) shall be single front, non-drawout
type for supply of 110 V DC control power to switchgears and panic lighting.

94 Motors

9.4.1 The rating of LV shall be selected from the sizes as recommended in relevant Indian
Standard/IEC.

9.4.2 The margin between the installed power and absorbed power shall be as
recommended by the driven machine supplier but shall not be less than the
following:-

Motor Rating Margin above Driven M/C Absorbed Power
Less than 22 KW 25%
22 KW to 55 KW 15%
75 KW and above 10%
9.4.3 Voltage rating for the motors of different ratings shall be as below:
Up to 150 KW : 415V, 3-phase, 50 Hz AC

944 The motors shall have maximum rated duty as per relevant Indian Standard/IEC.
Consideration shall be given for special duty motors wherever required e.g. cranes
etc.

945 All LV motors shall be TEFC type as per relevant Indian Standards/IEC. All motors
shall be Class-F insulated with temperature rise limited to that of Class-B.

9.4.6 Normally the motors shall be suitable for DOL starting. However, motors started
through VFD shall be suitable to run at 30% to 100% of rated speed and compatible
with the VFD.

947 All motors 30 KW and above shall have space heater provision.

9.4.8 All LV motors shall be energy efficient type having efficiency class of ‘IE2’ as per IS
12615: 2011 and high power factor type.

9.4.9 The starting current i.e. breakaway current of 415 V Motors shall not exceed the
values indicated in IS: 12615. Also there shall be no further positive tolerance on the
values of breakaway current.
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9410 Type test certificate of similar motor for use in specified hazardous area (if
applicable) shall be furnished.

9.4.11 The duty cycle of the motor shall meet the process and driven machine requirement.

9.4.12  The mechanical parameters such as duty, mounting type, shaft extension, direction
of rotation, starting torque requirements etc. shall be adequate for the application.
Sleeve or anti friction type bearings shall be used. Vertical motors shall have thrust
bearings suitable for the load imposed by the driven machinery. Motors with sleeve
bearings may require proximity probes to measure shaft vibration adjacent and
relative to the bearings. Generally, all motors, except for application such as crane,
hoist, turbine/engine starting, shall be designed for continuous duty with rated load.

9.4.13  Motor rated above 30 KW shall have on line greasing provision and for motor rated
above 45 KW, grease outlet feature shall be provided.

9.4.14 For all other specifications of EOT crane, refer TS-8208.
9.4.15 For all other specifications, refer TS-8102.
9.5 Variable Speed Drives (VSD/VFD)

9.5.1 Microprocessor based variable speed drive shall be communicable type and shall be
able to communicate with ECS/DCS. It shall be possible set speed from process
DCS for optimum performance through 4-20 mA signal. Speed/current/status
feedback to DCS may be provided. Drive will run at preset speed in the event of loss
of signal from DCS.

9.5.2 System shall be highly reliable, efficient and shall provide high power factor, low
harmonic distortion, low noise level etc.

9.5.3 System shall be provided with complete by pass circuit to ensure the power supply
reliability in case of VSD/VFD failure.

954 The system shall be suitable for load characteristics, continuous speed control and
shall be with soft start feature. Drive shall be able to accelerate the load over the full
speed range (0—100 %) with incoming line voltage regulation of 10%.

955 The system shall be designed for 150% over current withstand for 1 minute. The
system shall be equipped with an automatic restart facility which will restart the
system in case of voltage dip over 20% or power interruptions less than 4 seconds
and recovery of voltage to 95% with a facility to block the automatic restart.

9.5.6 The system shall be suitably designed with due care for long length of cables, output
filters, chokes, motor insulation, cable voltage grades etc.
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957 The VSD panel shall be located in the clean air conditioned room in the sub-station.
Required local control equipment shall have start, stop speed raise and lower push
buttons, ammeter, speed indicator, ON/OFF/READY status selector switches as
required and shall be installed near the motor.

9.5.8 The VFD shall be provided with Input and Output Choke.

9.5.9 "Auto Restart" facility for drive system within preset time, typically 0-15 seconds, in
case of supply system dip or complete loss of power shall be provided.

9.5.10 Preferably screened type cables or cables as recommended by VSD/VFD vendors
shall be used for VSD/VFD systems.

9.5.11 The VSD/VFD panels to be supplied shall be of proven model.
9.5.12  Training of VSD/VFD shall be provided to owner personnel
9.5.13 For all other specifications, refer TS-8302.

9.6 Local Control Stations

9.6.1 Local Control Stations shall be provided for all motors except motors controlled
through Local control panels. LCS enclosure shall be certified for Ex-d with internal
components suitable for safe area.

9.6.2 Provision for pad locking in OFF position shall be provided.

9.6.3 Local control stations for breaker controlled LV motors shall be provided with T-N-C
switch, L/R Switch, Indication lamp for ON, OFF, Trip, Space Heater ON, Motor
Ready to Start and ammeter. Moreover, space heater ON indication lamp, trip
indication lamp shall also be provided at the switchgear panel.

9.6.4 Local control stations for contactor controlled LV motors shall be provided with start
push button, stop push buttons, L/R switch and ammeters for the motors rating 5.5
KW and above. If required from process point of view, ammeter shall be provided for
motors below 5.5 KW also. Space Heater ON indication lamp shall be provided for
motor rated 30KW and above. Indication lamp for ON, OFF, Motor Ready to Start (for
all critical motors) shall be provided on LCS.

9.6.5 Each element for start and stop shall be provided with 1 NO + 1 NC contact. The
push button construction shall be such to avoid mal-operation due to vibrations.

9.6.6 All local control stations shall have weather proof IP-55 enclosure and be suitable for
installation in relevant hazardous area, gas group and temperature class. Canopies
of suitable size shall be provided with all local control stations.
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9.6.7 Two numbers of LCS shall be provided for the motors, which are installed at elevated
platforms. One shall be installed at ground level and the other near the motor.

9.6.8 The ammeter shall be flush mounting, moving iron spring controlled type, of accuracy
class 1.5 as per IS: 1248, with square face of minimum size 72 mm x 72 mm having
scale range 0-240 degree. The ammeter shall be provided with uniform scale up to
CT primary current and compressed end scale up to the 6 times the C.T. primary
current. Adjustable red pointer shall be provided to indicate the full load current of the
motors. Zero adjusters shall be provided for operation from the front of the meter. All
ammeters shall be operated through 1 Amp. CTs only.

9.6.9 For all other specifications, refer TS-8200.
9.7 Soft Starters

9.7.1 Soft Starter shall be considered for large sized motors to overcome the problems of
voltage drop during starting and also over sizing of transformer and generator.

9.7.2 The soft starters shall be solid state microprocessor control/Flux Compensated
Magnetic Amplifier (FCMA) type with self torque adjustment (during controlled start)
feature with bypass contactor. Soft starters shall be communicable type and shall be
able to communicate with ECS.

9.7.3 Soft starter shall be designed with starting current limited to 350% to 415% (However
LSTK contractor shall ensure that this reduced starting voltage is suitable to develop
necessary starting torque requirement of the respective motor). The soft starters shall
be designed for the optimum voltage drop during starting such that the drive motor
and the load get the required accelerating torque.

9.7.4 Soft starter shall be as per standards IEC 34/BS 4999/IS 325/BS 5000.

9.75 The LSTK contractor shall super impose the motor torque vs speed curve at reduced
voltage (to motor terminals at starting) on torque vs speed characteristics of the
driven equipment to confirm correct operation i.e. acceleration to rated speed. The
LSTK contractor shall also calculate acceleration time at reduced voltage (based on
these torque vs speed curves) required for accelerating the drive, to full rated speed.
This acceleration time shall be sufficiently less than the hot withstand time of the
motor.

9.7.6 For all other specifications, refer TS-8301.
9.8 Switch Sockets

9.8.1 Sufficient number of inter-locked type 125A/63A, 415V, 3 Ph and 16A, 240V, 1 Ph
switch sockets shall be provided in various plant locations as per hazardous area
classification to facilitate the maintenance work. Supply to switch-sockets shall be
taken from ASPB through suitably rated RCCB.
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9.8.2 3 Phase switch sockets shall be provided at 50 M interval and 1 Phase at 25 M
interval. Maximum 2 Nos. 125A switch sockets, 3 Nos. 63A switch sockets and 4
Nos. 16A switch sockets shall be connected in one circuit through suitably rated
RCCB.

9.8.3 For all other specifications, refer TS-8120.
10.0 CABLING

10.1.1 All LV power and control cables for LV switchgear shall be supplied and laid by the
contractor. Terminations at switchgear end and at the equipment end shall be in
contractor’s scope. Supporting and laying of these cables shall also be in contractor’'s
scope.

10.1.2  Cables shall be sized considering the following factors.

e Maximum continuous load current
e Voltage drop

e System voltage

e Laying conditions

e Derating due to ambient air temperature, ground temperature, grouping and
proximity of cables with each other, thermal resistivity of soil etc. shall be taken
into account

10.1.3  All LV power cables shall be with stranded aluminium/copper conductor with XLPE
insulation, PVC inner sheathed, armoured, PVC outer sheathed FRLS type and
construction as per IS: 7098 (Part 1). Power cables with conductor size upto and
including 6 sq. mm shall be with copper conductor, conductor size above 6 sq. mm
shall be aluminium conductor. LV cables shall be 1.1kV grade and suitable for
earthed & unearthed system.

10.1.4  All control cables shall be with 2.5 sq. mm, stranded copper conductor with XLPE
insulation, PVC inner sheathed, armoured, PVC outer sheathed FRLS type and
construction as per IS: 7098 (Part 1). Control cables shall be twisted pair or shielded
wherever electro-magnetic/electrostatic interference is anticipated. Control cables
shall be 1.1kV grade and suitable for earthed & unearthed system.

10.1.5 All control cables shall have 20% spare cores. All cores shall be identified with
numerical core numbers printed on core instead of colours.

10.1.6 All cables shall be armoured and shall have extruded inner and outer sheath.

10.1.7  Cables connected in parallel shall be of the same type, cross section and
terminations.
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10.1.8  All power and control cables shall be in continuous lengths (except for very long
feeders) without any joints. The cables used for lighting and wires in conduits shall
have appropriate junction boxes with adequately sized terminals. Cable joints in
hazardous areas shall not be permitted.
10.1.9 The maximum voltage drops in various sections of the electrical system shall be
within limits stated in the following table:
Sr. System Element Maximum Permissible
No. Voltage Drop
1. Cables between PMCC and MCC or
auxiliary switchboard
i) Location of switchboard: Near PMCC 0.5%
ii) Location of switchboard: Remote 2.5% (Max.)
2. Maximum Voltage drop up to LV motor
terminal:
During running condition 5%
During starting condition 10%
3. Cables between auxiliary switchboard and Max. 1.5%
lighting panel
4. Circuit between lighting panels and lighting 4%
points
5. DC supply circuits/UPS circuits 5% and/or as per
instrumentation
requirement
The voltage available at the motor terminals during start-up must be sufficient to
ensure positive starting or re-acceleration of the motor (even with the motor fully
loaded, if required) without causing any damage to the motor.
For LV motors, the voltage available at the motor terminals must not be less than
80% of the rated value during start-up or re-acceleration.
10.1.10 For FO cables (Electrical application) refer Design Philosophy-Instrumentation
attached with the NIT.
10.1.11 Design Criteria for Cables & Short Circuit Withstand Time

a) Design criteria for cables

Sr. No. | Design Criteria 415V
Loads located beyond 1 KM N.A.
Loads located up to 1000 M Cable
Recommended limiting size of 4 Core x 300
multi-core cable (mm?)
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4. Insulation voltage grade 1100V Earthed
5. Type of cable insulation Power: XLPE
Control: XLPE

Suitable derating factors based on the site ambient conditions, method of laying
and the no. of cables laid together shall also be applied.

b) Short circuit withstand time (seconds) shall be as follows for Breaker
controlled feeders.

Feeders to motors 0.25 sec
Feeders from PMCC to MCC/PMCC 0.5 sec

10.1.12 The minimum size of power cables shall be 2.5 sq. mm (Cu).

10.1.13 The control cables shall be 2.5 sq. mm (Cu). However, wiring in the panel/switch
boards may be by means of 1.5 sq. mm (Cu) cables except for CT wiring which shall
be 2.5 sq. mm.

10.1.14  For all other specifications, refer TS-8160.
10.2 Cable Laying

10.2.1 The cables shall generally be laid in cable trench (refer attached PDS). Pipe racks
where available, shall be used to support the cable racks.

10.2.2  The cable racks shall be ladder type, pre-fabricated from suitable aluminium alloy/hot
dip galvanised steel.

10.2.3 LT power & control cable and space heater cable shall be laid in single layer in
touching formation.

10.24 FO cable (Electrical application) laying shall be as per Design Philosophy-
Instrumentation attached with the NIT.

10.2.5 Cable trays shall be designed considering 25% margin for future use.
10.2.6  Cable tray vertical support shall be provided at every 1 meter.

10.2.7 Gl Tray cover allowing adequate ventilation shall be provided.

10.2.8  All cables shall be terminated using suitable cable lugs.

10.2.9 For all other specification of cable racks, refer TS-8161 & PDS attached.
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11.0 ILLUMINATION SYSTEM
1.1 General

11.1.1 LED type lighting shall be provided. Average illumination levels and type of fixtures in
the various sections of the plants shall be as indicated in Annexure-I. All the plants
and area lighting shall be energy efficient.

11.1.2  The specified illumination level shall be maintained after considering maintenance
factor 0.6 for plant & outdoor areas & 0.7 for indoor areas and utilisation factor as per
manufacture catalogues for size of room & type of fixture.

11.1.3  Separate area wise panic lights, fed from 110 V DCDB, shall be provided at strategic
locations for safe evacuation of operation personnel. These shall be switched ‘ON’
automatically on failure of power supply to main lighting board and shall switch ‘OFF’
automatically on resumption of mains or after 1 hour of power failure to avoid draining
of the battery. Location of these lights shall be judiciously decided from safety
considerations. The outdoor lighting shall be photocell/timer controlled.

11.1.4  Plant lighting circuits shall be single phase (Phase & Neutral) rated 240 V AC. Each
circuit shall be rated to 16A. A minimum of 25% of MCBs of each board shall be left
as spares. The load on one lighting sub-circuit of lighting sub-distribution board and
junction box shall be limited to 500W approx.

11.1.5  The lighting sub-distribution board for control of lighting shall be standardized as 18-
way, 15-way, 12-way, 9-way and 6-way type.

11.1.6 In plant office rooms, wall mounting boards shall be installed to control the lighting.
These boards shall include switches for lights, fans, 15A/5A plug sockets and fan
regulators etc.

11.1.7  15A plug sockets shall be fed through separate circuit of lighting sub-distribution
boards/junction box.

11.1.8 For more details, refer PDS attached.
11.2 Street Lighting And Security Lighting

11.21 63A TPN outlet from outdoor lighting bus of main lighting board shall be taken direct
to the TPN junction box to be mounted on pole through cable and looped from pole to
pole.

11.2.2  Hot dip Gl octagonal poles of suitable mounting height shall be used for street light.
However, for plant lighting (platforms / structures / access ways / walk ways / pump
house / pump bay etc.), steel tubular poles of suitable mounting height shall be used

11.2.3  The poles shall be subjected to min. following tests:
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e Thickness of galvanising
e Drop test as per IS: 2713
o Deflection test as per IS: 2713

11.2.4  Hot dip galvanized octagonal high mast lighting shall be used for yard and general
area lighting. LED type fittings may be used.

11.3 LED LIGHTING FIXTURES & ACCESSORIES
11.3.1 General

11.3.1.1 The fixtures shall be complete with all accessories including the lamps, driver, heat
sensor and all other accessories. The lighting fixtures shall also conform to the
specification sheet for lighting fixture of this specification.

11.3.1.2 The fixtures shall be provided with cable glands and a terminal block suitable for
termination of copper conductor up to 2.5 sq. mm size.

11.3.1.3 The fixture shall be so designed that it shall be possible to maintain or replace
different accessories without difficulty, including replacement of lamps.

11.3.1.4 Unused holes in control gear box and junction box shall be packed with blanking
plugs.

11.3.1.5 All lighting fixtures shall be provided with suitable double compression Al cable
glands along with termination lugs and blanking plugs for unused entry.

11.3.1.6 All hardware used in lighting fitting, JBs shall be of Stainless Steel only.

11.3.1.7 LED Luminaries shall be suitable for single phase 240V+10%, 50Hz+5% AC input
and ambient condition indicated elsewhere in the NIT.

11.3.1.8 Minimum Impact Resistance for outdoor fittings shall be IK-05.

11.3.1.9 The fixture shall be so designed that it shall be possible to maintain or replace the
different accessories without difficulty, including the replacement of the lamp.

11.3.1.10 Flameproof light fittings shall be certified for use in specified hazardous area and the
flameproof certificate shall be submitted along-with the offer. Explosion proof
certificate from PESO shall be submitted before or along-with supply of such light
fittings.

11.3.1.11 For High Mast specification refer TS: 8308.
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11.3.2  LED CHIPS

11.3.2.1 LED efficacy shall be greater than 140 Lumens/watt at 350mA driver current. In
respect of higher power rating LED, driver current greater than 350 mA can be
accepted if LED’s LM 80 / IS: 16105 test reports are attached.

11.3.2.2 LED type can be SMD (surface mounted device) of COB (chip on board) type
depending on the application. COB type to be considered only for applications such
as Highbays, Flood Lights & Flameproof Light Fittings.

11.3.2.3 Test report/LM80 report for ambient temperature of 55/85/105 Deg. C at rated and
maximum current shall be submitted.

11.3.2.4 TM 21 life projection calculations along with LM80 for ambient temperature of
55/85/105 Deg. C as per applicable standard shall be submitted to substantiate life of
LED. Reported Life span of LEDs shall be greater than 50000 Hrs at a soldering
temperature of 85 Deg. C at rated driver current.

11.3.2.5 Colour temperature of white colour LED shall be from 5700K (5665K+/-355K) to
6500K as per ANSI standard C78.377A.

11.3.2.6 Colour rendering Index for colour ranges from R1 to R15 shall be greater than 80.

11.3.2.7 LED shall comply to Photo biological safety norms as per IEC 62471/EN62417/1S:
16108 and should fall in the exempt group for indoor luminaries and in exempt of low
risk category for outdoor LED luminaries.

11.3.3 LED DRIVER

11.3.3.1 Minimum efficiency of LED driver shall be 85% for driver output rating of <= 40W and
87% for driver power output rating of > 40W.

11.3.3.2 Power factor of complete fitting shall be greater than 0.90.
11.3.3.3 In built high voltage cut-off for voltage above 290 Volt shall be provided.
11.3.3.4 Short circuit protection and Open load protection shall be provided.

11.3.3.5 Surge protection device shall be provided for minimum of 2 KV in indoor luminaries
and minimum of 10 KV for outdoor luminaries. SPD should be series type with fail
safe.

11.3.3.6 Total Harmonic distortion (THD) shall be less than 10%.

11.3.3.7 Isolated LED driver should be used. The input (AC side) and output (LED side) are
separated by power transformer for galvanic isolation.

11.3.3.8 Power supply of LED PCB should be through proper connectors.
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11.3.3.9 Driver shall comply EMI/EMC standards CISPR 15/ IS 6873 (CE, RE, CDN) and IS
61547.

11.3.3.10 Driver shall comply with safety standards IEC 61347-2-13/EN 61347-2-13/IS: 15885-
2-13.

11.3.3.11 Driver shall comply with performance standards IEC: 62384/1S: 16104.
11.3.4  LUMINAIRE

11.3.4.1 Circuit boards and electronic components rating/type should be suitable to provide
reliable functioning.

11.3.4.2 Luminaire shall have LM-79/IS: 16106 test report from a NABL accredited laboratory.
11.3.4.3 Minimum system efficacy of luminaire shall be greater than 100 Lumens/watt.
11.3.4.4 Potting of LED luminaire along with driver is mandatory.

11.3.4.5 Average Duty cycle to be 12 hours (Dusk to Dawn).

11.3.4.6 Working temperature to be in the range of — 5 Deg. C to 60 Deg. C.

11.3.4.7 Working humidity to be in the range of 10% to 100 % RH

11.3.4.8 Housing of indoor fixtures to be made of CRCA/PC/Aluminium Extrusion and for
outdoor fixtures shall be pressure die cast LM6/ADC12/LM24.

11.3.4.9 Lumen maintenance of fixtures shall be 50,000 Hrs at L70.
11.3.4.10 LED luminaires shall be completely glare free.
11.3.4.11 View Angle should be typical 120 Deg.

11.3.4.12 Cover type of indoor fixtures shall be UV stabilised poly carbonate type and outdoor
type fixtures to be Toughened glass or UV stabilised poly carbonate type as
applicable.

11.3.4.13 Temperature rise for driver at soldering point should not exceed 85 Deg. C. For Heat
shrink temperature rise, maximum of 20 Deg. C over ambient temperature is
allowable. Heat shrink to be designed accordingly.

11.3.4.14 Flameproof light fittings shall be certified for use of hazardous area as per area
classification and flameproof certificate shall be submitted along with the offer.
Explosion proof certificate from PESO shall be submitted before or along with supply
of fittings.

11.3.4.15 Luminaire should have BIS approval for surface mounted luminaire as applicable.
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11.3.4.16 Housing ingress protection shall be as per table below:
Application Type Minimum Ingress Protection
Required

LED Street Light, Flood Light, Outdoor IP66

Industrial

Industrial Indoor (High Bay, Medium bay) IP54

Toilet Fixtures P44

Domestic & Commercial Indoor type LED | IP20

11.3.4.17 Approve makes for different LED technologies to be as per table below:

11.3.5

11.3.5.1

11.3.5.2

11.3.5.3

12.0

12.1

12.1.1

12.1.2

12.1.3

1214

LED Technology/type Approved make

LED Chips SMD (Surface Nichia, Osram, Lumileds, CREE

Mounted) type

LED Chips COB (Chip on Board) Citizen, Bridgelux

type

Domestic/Decorative Everlight Taiwan, Edison Taiwan,

Samsung Korea

Luminaries Osram, Nichia, Lumileds, CREE

OTHER CONDITIONS

Type Test Report/Certificate from NABL accredited labs as per relevant standards on
selected sample including endurance test as per 1IS10322 and safety test on drivers
as per IS 15885.

Vendor shall carry out third party inspection from NFL approved TPl agency. TPI to
be carried out on 10% material of each item on random basis as per scope of tender.

Vendor shall guarantee for full replacement of material (free of cost) due to any
failure in 24 months from date of commissioning. Failures shall include
failure/deterioration of LED’s in terms of performance like guaranteed luminous
efficiency as per LM80 report, abnormal lumen depreciation, failure of driver unit, etc.

EARTHING AND LIGHTNING PROTECTION
Earthing
Complete earthing installation shall be done as per IS: 3043.

Common underground earthing grid shall be provided covering generating station,
sub-stations and plants. The overall earth resistance (dry) shall be limited to 1 ohm.

Earthing rings shall be provided around sub-stations and plants which in turn shall be
connected to the common earthing grid. Minimum size of main grid shall be
75mmx10mm.

Earthing grid/ring shall comprise of buried Gl earth strips and Gl pipes/electrodes.
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12.1.5 Separate earth electrodes shall be provided for system neutral earthing. For
equipment earthing, minimum two numbers of electrodes shall be provided around
each plant/section. However, all these earth electrodes shall be inter-connected.

12.1.6 Inter-connecting pits having an earth bus in an enclosed brick chamber without earth
electrode shall be provided in the common underground earthing grid for
convenience of taking earth conductors inside the plants.

12.1.7  As far as possible, the reinforcement rods inside concrete column shall be connected
to the earthing grid/ring to reduce the overall earth resistance.

12.1.8 Individual electrical equipment shall be earthed by Gl strip/Gl wire/Cu/Al cable. Earth
buses shall be provided in plants for earthing groups of electrical/non-electrical
equipment to earthing grid/rings.

12.1.9  Size of earthing grid/ring and earth conductors of equipment for generating station
and sub-stations shall be as per relevant standards. The fault current magnitude shall
be decided based on system fault level. The time duration shall be taken as 1
second.

12.1.10 All equipment rated above 250 V shall have two external earth connections and those
rated up to 250 V shall have one external earth connection. However, for lighting
fixtures, earthing shall be done through 3™ core of the cable in safe as well as in
hazardous area.

12.1.11  Flameproof equipment, in addition, shall have one internal earth connection. This
means that 4 core cables to be used for all the flameproof equipments and 3.5 core
cables to be used for all flameproof motors located at hazardous area.

12.1.12  All steel structures, tanks, vessels, pipes, pipe joints, valves etc. shall be earthed
against static charge accumulation by 50x6 mm Gl strip. The no. of earth connections
shall be as follows:

Equipment having diameter Hazardous area Non hazardous area
30 M 2 2
More than 30 M 3 2

12.1.13 Wherever process equipment are mounted on steel structures, the structures shall be
earthed instead of earthing the individual equipment.

12.1.14 The pipe structures shall be earthed at not more than 25M apart.

12.1.15 For all equipment in hazardous area, in addition to external earthing one internal
earthing shall be provided.
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12.1.16 Minimum sizes of earth conductors to be used shall be as given below. However,
vendor to calculate the actual size:-

Sl. Equipment Gl conductor Al conductor
No. size size
1. LV switch board 50mmX8mm 150 sq. mm
2. Motors rated 75 KW and above -- 150 sg. mm
3. Motors rated 30 KW to less than 75 -- 95 sq. mm
KW
4. Motors rated 5.5 KW to less than 30 -- 25 sq. mm
KW
Motors less than 5.5 KW -- 6 sq. mm
All minor equipment rated 250V & -- 6 sq. mm
below

All GI conductors shall meet the galvanizing requirement as per IS.

12.1.17 Cables racks/risers/trays shall be electrically continuous by bonding the joints
between the runner members of the adjacent sections. The cable racks shall be
connected to the earthing grid at suitable intervals.

12.1.18 Spacing between two earth pits shall not be less than 10 m & these may be located
about 4m away from the building / structure.

12.1.19 As far as possible, the earth conductors shall be taken along power & control cable
routes.

12.2 Lightning Protection

12.2.1 All structure shall be protected against lightning strokes by suitable lightning
protection system to be designed and installed as per IS/IEC-62305.

12.2.2 The number of down conductors shall be minimum two.

12.2.3  Bare metallic structures shall not have any air termination rods at the top. The earth
connections shall be welded to the bottom of structure at 300 mm above floor level.
However, tall metallic columns with insulation at top shall be provided with air
termination rods. Separate earth electrodes shall be provided for each down
conductor of lightning protection. However, these shall be inter-connected with the
other electrodes in main grid.

12.24 In case earth pits for connecting the down conductors are not available in the
beginning of fabrication/erection of such structures/vessels/tanks, their bases shall
temporarily be connected to nearby steel column. Electrical continuity of the
structures, however, shall be checked and ensured.
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12.2.5 For all high rise concrete structures, temporary lightning protection need to be
provided during construction and maintained till permanent lightning protection is
installed. For this purpose the vertical reinforcement, projecting over each lift, shall be
connected to earth pits by means of 2 nos. flexible copper conductor cables each of
the flexible cable shall be of 95 sq. mm. size having one end permanently connected
to earth pit and other end provided with a clamp for connecting to the exposed
reinforcement.

13.0 CATHODIC PROTECTION SYSTEM

13.1 Entire underground pipe work including those laid in concrete trench and filled with
sand, the steel structures, tank bottom of above ground storage tanks, underground
vessels etc. shall be provided with cathodic protection. The scope shall include, site
surveying to collect required information, design, detailed engineering, supply,
installation, testing, commissioning, maintenance & monitoring till the site is handed
over to the owner and performance guarantee of impressed current cathodic
protection system as per relevant Indian/IEC/BS/NACE Standards and codes of
practices.

13.2 Following shall be excluded from Cathodic Protection System:
a) Underground Pipes with SS material,
b) Above Ground reinforcements bars of reinforced concrete,
c) Reinforcements bars of reinforced concrete Foundations,
d) Reinforcement bars in concrete piles.
13.3 SACP shall be provided during the construction period till ICCP starts working.
13.4 For all other specifications, refer TS-8303, TS-8304 & TS-8305.
14.0 COMMUNICATION SYSTEM

14.1 Public Address system suitable to provide reliable and quick source of
communication among operating personnel shall be provided. The system shall be
microprocessor based with modular construction for ease of expansion of capabilities
and capacity. The system shall have speakers, calling points etc. suitable to area of
classification for that location. PA system shall be located in respective control room.
All required furniture, PC console with chairs for complete PA System shall be in
scope of LSTK Contractor.

14.2 New PA System shall be hooked up (seamless integration) with the existing
centralised PA System. Details of existing PA System (Make, model etc.) may be
collected from the site for seamless integration with the existing system.
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14.3 Close talk mode shall be provided for conversation between two or more stations
through close talk channel. Speeches from any hand set shall be heard over all the
speakers. The system shall have the following facility:-

i)  Alert tone facility

ii) Paging facility

iii) Private conversation facility
iv) Loud speaker mute facility

v) Emergency tone facility

14.4 Paging speakers provided in areas having ambient noise levels shall produce a
paging sound level at least 10 dB above the anticipated ambient noise level. Where it
is not possible to achieve the sound level of above 10 dB above the ambient, rotating
beacons shall be installed such a way that that the operator is alerted in the area.
Acoustic hoods shall be provided for call stations located in high noise areas.

14.5 The design of the system shall be such as to provide two channel communication i.e.
Page & Party in each zone. Page & Party system shall comprise of one channel for
paging & one channel for party talk.

14.6 The system may be centrally located at a particular plant but the location shall in no
way affect the performance of system. If required separate but interconnected system
shall be provided. The microphone system shall be capable to suppress the
environmental noise which will be present in the plant due to machineries.

14.7 It shall be possible to have automatic testing, monitoring, fault diagnosis etc. through
interface PC. The system programming shall be user friendly through interface PC.

14.8 It shall be possible to communicate between two field stations without the
interference of the MCS / operator. Also it shall be possible to have direct
communication with the MCS.

14.9 The equipment shall be sturdy, impact resistant, dust & damp proof generally
conforming to minimum IP 55 degree of protection. For classified hazardous areas
flameproof equipment shall be provided duly certified by recognised -certifying
authority for the area of installation.

14.10 A few sets of explosion proof walkie talkie shall be provided for convenience of
installation, operation and maintenance of equipment.

14.11 Communication system shall be able to work automatically from standby DC source
when AC supply is ‘OFF’.

14.12 Paging system shall be interfaced with EPABX and Fire Alarm System.

14.13 PA System shall have 20% spare capacity.
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14.14 For all other specifications refer TS-8037.
15.0 FIRE ALARM SYSTEM

15.1 LSTK contractor shall provide the Fire Detection and Alarm System which shall be an
independent system comprising of individual break glass type manual call points,
automatic sensors e.g. smoke and heat detectors, main panel, repeater panel,
battery, battery charger and any other hardware and same shall be hooked up
(seamless integration) with the existing centralised Fire Alarm & Detection System.
Details of existing Fire Alarm System (Make, model etc.) may be collected from the
site for seamless integration with the existing system.

15.2 An addressable type of Fire Alarm System shall be provided for the plant. The design
shall be as per OISD and applicable local requirements.

15.3 The system shall be designed to provide audio-visual indication at the main panel to
be located in sub-station and repeater panels shall be provided in fire station.

154 The manual call points shall be provided at strategic locations with access of 60 M
along all exit routes and roads.

15.5 Hooters & exit lights shall be provided at required locations in the buildings.

15.6 Panel design and component selection shall be done for future extension upto 10%
of specified zones or one zone, whichever is maximum in each panel. The design of
common facility and hardware shall be provided for required future extension of

zones.

15.7 The fire detection system shall be interfaced with fire suppression system, wherever
specified.

15.8 Supply, installation, testing and commissioning of above mentioned

components/equipment for plant area, substation & control room shall be by the
LSTK contractor along with necessary supply and laying of required signals cables.

15.9 The required nos. of MCPs and detectors in substation & control room shall be
calculated as per IS norms and contractor shall get approval from owner during
detailed engineering stage.

15.10 Any other specifications refer TS-8306 & TS-8307.
16.0 ELECTRIC HEAT TRACING SYSTEM

16.1 Electrical trace heating of pipelines, instruments and equipment for process
temperature maintenance shall be considered if required from process point of view.
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16.2 Electrical trace heating system shall be designed according to IEC 60079-30 and
shall be based on the use of self-regulating cables, suitable for installation in
accordance to hazardous area classification.

16.3 Mineral insulated cables shall be used only where process temperature maintenance
high values would not allow the use of self-regulating cables.

16.4 All self-limiting parallel resistance type heater cables shall be covered with a metal
braid and a polymer over jacket for mechanical protection and corrosion resistance.

16.5 Cable sheaths, conductor and termination materials, and cable support clamps shall
withstand the maximum operating temperature, temperature cycling and thermal
expansion of the piping or equipment to which is applied.

16.6 The design of the heating system shall be such that the heater element temperature
does not exceed the temperature classification of the hazardous area.

16.7 Heat tracing system shall be fed through a separate control station approachable to
operator and suitable ammeter shall be provided to ascertain that heat tracing cables
are working.

16.8 System shall be designed for tripping in case of leakage to earth or pipe for human
safety.

17.0 SPARES

17.1 Contractor shall supply mandatory spares for electrical equipments for operation and
maintenance as per the list attached with this bid package.

17.2 LSTK Contractor shall recommend 2 years Operational Spares for all the equipment
(item-wise) with recommended quantity & unit price. The item-wise price shall be with
validity of 2 years. The same shall not be part of LSTK price.

17.3 All spare parts shall be identical to the parts used in the equipments.

17.4 Any other spare parts or special tools not specified, but required, shall also be quoted
along with the offer.

18.0 VENDORS’ SERVICES

18.1 The bidder shall consider the services of major equipment suppliers during
installation and commissioning in their scope as required.

18.2 The services of engineers of following equipments’ manufacturers are envisaged
required during installation and commissioning:

Switchgears
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Numerical relay

Variable Speed Drives

Soft Starter

Cathodic Protection System
Public Address System

Fire Alarm System

18.3 Site testing, parameterization and commissioning of the Numerical relays shall be
done by OEM expert only.

19.0 TESTING & INSPECTION

19.1 Testing of electrical equipments shall be done in accordance with relevant IEC/BIS
codes.
19.2 The bidder shall submit the certificates of type tests performed on identical

equipment as evidence of the compliance of the equipment with the type tests.

19.3 The bidder shall submit the certificates of routine and acceptance tests conducted on
the purchased equipments.

19.4 All the routine/acceptance tests shall be performed at the manufacturer’s works in the
presence of owner’s representative.

19.5 The owner or their representative shall be allowed to visit the manufacturing works
for stage inspection during manufacturing stage.

19.6 The bidder shall intimate the owner 4 weeks in advance of the tests and submit the
detailed schedule of tests.

20.0 DOCUMENTATION

20.1 The bidder shall submit the documents for electrical equipments as per the drawing
and documentation schedule as given in this bid package.

20.2 A dedicated PC with licensed copy of documentation software shall be included in the
scope of bidder for documentation of Electrical Engineering.

20.3 The software shall be used for preparing and updating the various documents such
as general arrangement drawings, cable schedules, single line diagrams, control
system drawings and equipment specifications etc.

FORM NO: 02-0000-0021 F2 REV4 All rights reserved



® HORTON SPHERE ALONG WITH ITS PC2BINFLNEPTO | O )
0 @ o T ‘ REFRIGERATION SYSTEM AT NFL, NANGAL | DOCUMENTNO. | REV. | W%
PDIL

DESIGN PHILOSOPHY - ELECTRICAL SHEET 48 OF 50

20.4 The documentation software shall be same which is used by the bidder for electrical
documentation.

20.5 The details of the documentation software shall be furnished in the technical offer.

20.6 Native files (editable copy) of all the electrical equipment sizing calculations or any
other calculations, Load List etc. shall be submitted for owner’s review and as final
documentation.

20.7 Native file (editable copy) of AutoCAD or any other software used for preparing
Engineering drgs. & docs. of all Engineering drgs. & docs. shall be handed over as
final documentation.

20.8 ETAP Native file (editable copy) along with its base file & complete library or of any
other software used for Electrical System Study shall also be submitted for owner’s
review as well as with final documentation.

21.0 TRAINING

21.1 Training shall be imparted to owner’s personnel at manufacturer’s works as under:
a) Variable Speed Drive: Two persons for one week.
b) Soft Starter: Two persons for one week.

c) Numerical relay: Two persons for one week.

22.0 VENDOR LIST

22.1 Make of all electrical equipment shall be as per the vendor list attached with this bid
package.

22.2 Any other vendor shall be subject to PDIL/owner’s approval.

22.3 Bidder shall indicate the make of all equipment in their offer.

23.0 INSTALLATION, TESTING AND COMMISSIONING

23.1 The bidder shall undertake installation of all electrical equipment in accordance with
latest code of practices, in conformity with recommendation of the respective
equipment manufacturers, drawings approved by the owner or owners
representative, direction of engineer-in-charge, statutory regulations and to the entire
satisfaction of the owner.

23.2 The bidder shall arrange all the necessary erection tools and tackles, testing and
measuring instruments and shall supply the required erection materials including
structural steel.
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23.3 Bidder shall furnish field inspection and test data sheets for all equipments for
owner’s approval.

23.4 The bidder shall obtain the necessary certificate of compliance/completion certificate
with test results from statutory authorities as required. All necessary drawings and
test certificates as required by them shall be furnished by the vendor.

23.5 At least following tests shall be specifically conducted before commissioning in
presence of owner’s representative. All the test results shall be recorded and
submitted to the owner.

a) Insulation Test

b) Continuity Test

c) High Voltage Test

d) Simulation Test

e) Earth Resistance Test

24.0 COORDINATION WITH OTHER CONTRACTORS

24.1 The successful vendor shall coordinate with Owner’s other vendors and shall freely
exchange all technical information required for this purpose.

24.2 All civil works connected with electrical installation shall be under the bidder’s scope.
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ANNEXURE-I

ILLUMINATION LEVELS & TYPE OF FIXTURES
Average illumination levels and type of fixtures to be used for various areas shall be as

follows:
SI. No. AREA LUX TYPE OF LED FIXTURES
1.0 ROADS
1.1 Plant roads 15 | 90W LED street lighting fixtures
1.2 Security roads 6 90W LED street lighting fixtures
2.0 YARD
21 Marshalling yard 12 | 90/125W LED flood light
2.2 Loading/unloading areas 15 | 90/125W LED flood light
2.3 Open areas 5 90/125W LED flood light
3.0 PLANT
3.1 Operating platforms 100 | 50W LED
3.2 Non-operating platform / general | 50 | 50W, 2X18W LED
process areas & walk ways
3.3 Compressor house 150 | 50/90/125W, 2X18W LED
3.4 Turbine Hall 150 | 90/125 W LED
3.5 Pump house/Pump bay 150 | 90/125W LED
3.7 Boiler gallery 50 | 90W LED
4.0 SUB-STATION
4.1 Switch room - Front of panel 100 | 2X18W  mirror optics surface
mounted LED type
- Back of panel 100 | 2X18W  mirror optics  surface
mounted LED type
- Battery room 70 | 2X18W corrosion proof industrial
LED type
4.2 Transformer room, cable room. 70 | 2X18W industrial LED type
4.3 Outdoor/transformer bay 70 | 45/90W street lighting LED fixtures
5.0 CONTROL ROOMS
5.1 Front of panel 400 | 2X18W  Recessed  Mounting
Decorative LED
5.2 Back of panel 200 | 2X18W Recessed Mounting
Decorative LED
6.0 OFFICES 300 | 2X18W Recessed Mounting
Decorative LED
7.0 STORES, BATH ROOM 100 | 2X18W LED
8.0 STAIR CASES
8.1 Safe areas 100 | 2X18W LED
8.2 Hazardous areas 100 | 90W LED
9.0 PANIC LIGHTING - 18W LED suitable for 110V DC

Wattage of LED fixture is tentative and may be changed to meet LUX requirement and
necessary calculations shall be furnished during detailed engineering for review / approval.
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Technical Specification No. Description No. of sheets
TS-8037 Public Address System 8
TS-8048 Auxiliary Service Transformer 8
TS-8060 Medium Voltage Switch Boards 19
TS-8080 Sheet Steel Distribution Boards 14
TS-8083 Lighting Sub Distribution Boards 8
TS-8102 Induction Motors 14
TS-8120 Interlocking Sw. Socket and Plug
TS-8123 Lighting Fixtures & Accessories 13
TS-8160 Cables
TS-8161 Prefabricated Ladder Type Cable Racks
TS-8200 Local Control Stations
TS-8201 Junction Box
TS-8208 Electricals for Over Head Cranes and Hoists 12
TS-8301 Soft Starter
TS-8302 Variable Frequency AC Drives 20
TS-8303 Cathodic Protection for Plant Piping and Buried 23

Facilities
TS-8304 Cathodic Protection Power Supply Module (CPPSM) 14
TS-8305 Cathodic Protection Transformer Rectifier Unit 14
TS-8306 Fire Detection and Alarm System 21
TS-8307 Communication & Fire Alarm Cables 10
TS-8308 High Mast 10
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1.0 SCOPE
1.1 This standard covers the technical requirements of design, manufacture, testing,

delivery installation at site and commissioning of Public Address System along with all
accessories on turn-key basis.

2.0 STANDARDS TO BE FOLLOWED

2.1 The design, manufacture and testing of public address system and their accessories
covered by this standard shall comply with the latest issue of the following and other
relevant Indian Standards Equipment complying with equivalent IEC standards shall
also be acceptable.

IS: 1881 - Code of practice for installation of indoor amplifying and sound
distribution systems.

IS: 1882 - Outdoor installation of public address system-code of practice.

IS: 1301 - Code of safety requirements for electric mains-operated audio
amplifiers.

IS: 8061 - Code of practice for design, installation and maintenance of
service lines up to and including 650 V.

IS: 3043 - Code of practice for earthing.

IS: 1490 - Recommendation for minimum performance requirements of
mains-operated public address amplifiers.

IS: 1819 - Recommendation for general requirements of public address
amplifiers.

IS: 1031 - Methods of measurements of loudspeakers and loudspeaker

systems.

IS:1554 (Part1) PVC insulated (heavy duty) electric cables for working voltages

up to and including 1100 V.

IS: 694 - PVC insulated cables for working voltage up to and including
1100 volts.
BS: 2004 - Electric cables for working voltage up to and including 1100
volts.
2.2 The design and operational features of all the equipments offered shall comply with the

provisions of the latest issue of the Indian Electricity Rules and other Statutory Acts and
Regulations. The supplier shall, wherever necessary, make suitable modifications in the
equipment to comply with the above.

2.3 Wherever any requirement, laid down in this standard, differs from that in Indian
Standard specifications, the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS
3.1 Ambient Conditions

These shall be as indicated in Design Philosophy-Electrical.
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3.2 System Details

These shall be as indicated in Design Philosophy-Electrical.
4.0 OPERATIONAL REQUIREMENTS

The public address system and their associated accessories shall be suitable for
operating continuously under the ambient conditions and with the voltage and frequency
variation indicated in Design Philosophy-Electrical without exceeding temperature rise
limits as per relevant standards and without detrimental effect on any part.

5.0 TECHNICAL REQUIREMENTS

5.1 The public address system shall be microprocessor based, non-EPABX distributed
amplifier type. It should be designed for communication between various process units
and office areas of an industrial plant and various control room(s).

5.1.1 The band width of the communication system shall not be less than 9 KHz for intelligible
speech reproduction required for industrial environment.
51.2 The system shall comprise of:
i) Microprocessor based central exchange
i) Master control station(s)
iii) Field stations and junction boxes, if any
iv) Power supply unit
V) Cables
Vi) Loudspeaker
51.3 All other items not specifically mentioned, but required for the completeness of the

system shall be supplied.
5.2 Microprocessor based central exchange

5.2.1 The exchange shall be rack mounted microprocessor controlled. It should be designed
such that future extensions or modification can be easily carried out.

5.2.2 The actual control of communication shall be from the exchange. From the exchange,
various system information and data shall be acquired, processed and communication
links between stations shall be established as per user requirement through master
control station.

5.2.3 The exchange shall be 100% redundant in hot standby mode. The exchange shall have
facility for hooking up with the existing EPABX system. It shall have two independent
lines of communication viz. page & party.

5.3 Master control stations (MCS)

5.3.1 The MCS shall be desk mounted type and shall comprise of a keyboard with LEDs, a
built-in loudspeaker and a built-in dynamic noise cancelling goose neck microphone. It
should have facility for duplex mode of communication.

53.2 The MCS shall have a key to initiate an EPABX call and should have facility to receive
EPABX call.

5.3.3 The MCS shall have features to initiate the following type of call:

i) All call
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i) Alarm call
iii) Conferencing
iv) Inter MCS call
V) Call from MCS to field station & vice-versa
Vi) Global call

vii) Call from field station of one MCS to field station another MCS

5.3.4 The MCS shall have drop out facility i.e. after connecting two field stations, the MCS, if
required, may drop out of the ongoing conversation. Priorities shall be assigned to the
various calls (Alarm & Global) shall have higher priority than other calls.

5.4 Field Station

5.4.1 It shall be of cast aluminium (LM-6) enclosure and shall consist of adequate capacity
amplifiers for page channel, telephone type handset (but made of unbreakable material
and of different size to make it pilfer proof), cradle switch and all other necessary control
switches & push buttons required for satisfactory operation of the system.

54.2 Handsets shall be completely factory wired up to terminal blocks and shall be provided
with cable termination accessories for connecting external cables.

543 The field stations shall be suitable for hazardous area classification defined as zone /11,
gas group lIA/IIB/IIC & temperature class T3. All master control station shall be suitable
for outdoor installation with IP-65 protection.

5.5 Loudspeaker (LS)

5.5.1 Loudspeaker shall be highly efficient, high power driver unit designed for non-ringing to
deliver clear reproduction. The driver unit shall be lockable type to avoid pilferage.

5.5.2 Loudspeaker shall be provided with impedance matching transformer. Transformer shall
have the minimum “frequency characteristic” required for public address system.

5.5.3 Loudspeaker for indoor mounting shall be direct radiator, permanent magnet moving
coil type rated for 15W. However, loudspeaker for outdoor mounting and in areas with
high ambient noise level shall be pressure unit operated, projector or horn type,
weatherproof, rugged die-cast aluminium construction rated for 15W.

6.0 POWER SUPPLY
6.1 Power supply single phase, 240 V, 50 Hz shall be made available at one point only by

owner. Further distribution, if required, shall be arranged by the vendor.

6.1.1 DC supply, if required, shall be arranged by the vendor from the dedicated power supply
unit working on single phase 240 V, 50 Hz supply. DC supply shall have redundancy,
Additional SMPS shall be provided.

6.1.2 The system shall be provided with a transistorised type UPS of one hour back-up and
the battery used shall be Nickel-Cadmium type.

7.0 CABLES
71 Signal and loudspeaker cables shall have annealed tinned copper, twin twisted & colour
coded, PVC sheathed, Gl round wire armoured and PVC overall sheathed.

Loudspeaker cables shall be of 24 / 0.2 mm copper and signal cable shall be of 16 / 0.2
mm copper.
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7.1.1 For power cables, 3 core 2.5 sq. mm annealed tinned copper, PVC insulated armoured
cables are required.
7.1.2 The bidder shall indicate the details & quantity of cables required in tabular form.
8.0 CABLING

The contractor shall supply, lay & connect at both ends all the cables with accessories.
The cables shall be accommodated in the existing overhead cable racks / structures as
far as possible; where racks are not available, the cables shall be laid underground by
using Gl protection pipes.

9.0 JUNCTION BOXES

The junction boxes shall be of die cast aluminium powder coated. These shall be
complete with inspection cover, conduit glands and terminal stripes. The cover shall be
gasketted to make it dust & vermin proof and IP-55 protection. Holes for screwing the
covers shall have stainless steel inserts.

10.0 EARTHING

All the equipment and their associated accessories of public address system shall be
provided with earthing terminals and shall be connected to the owner’s ground mat by
vendor as per relevant Indian Standard.

11.0 ERECTION & COMMISSIONING

The bidder shall quote for complete, testing & commissioning along with fittings &
accessories. Good engineering practice in conformity with latest Indian Standard & code
of practice shall be followed for erection & commissioning of all the accessories of
public address system.

12.0 DRAWINGS AND DOCUMENTS

12.1 Drawings and documents as per Annexure-l shall be supplied unless otherwise
specified.

12.2 All drawings and documents shall have the following description written boldly.

i) Name of client

i)  Name of consultant

iii)  Enquiry / order number with plant / project name
iv) Equipment Code no. and Description

13.0 SPARES
13.1 Spares for operation and maintenance

Item wise unit prices of spare parts with recommended quantity shall be quoted along
with the equipments.

13.2 Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.
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13.3

13.4

14.0

15.0

15.1

Any other spare parts not specified, but required, shall also be quoted along with the
offer.

All spare parts shall be identical to the parts used in the equipments.

PACKING

The public address system shall be properly packed to safeguard against weather
conditions and handling. It shall be wrapped in polythene bag with an additional
wrapping of bitumen paper to make it completely waterproof before the equipment is
packed in wooden crates.

DEVIATIONS

Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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ANNEXURE - |

DOCUMENTATION FOR PUBLIC ADDRESS SYSTEM

Documents Required (Y / N)

Sl ,

No. Documentation WithBid | For Approval Final
1. | Guaranteed technical particulars Y Y Y
5 Outline drgwing showing dimensions and Y Y Y

other details.
Complete assembly drawings of equipments

3. : . . Y Y Y

showing plan, elevation and cross section.

4. | Schematic of field stations of each type. Y Y Y
5 Cablg schedule with complete layout N Y Y

drawings

6. | lllustrative and descriptive catalogues Y N Y
7. | Installation, operation & maintenance manual N N Y
8. | Quality assurance program Y N N
9. | Type test certificate for

i) Hose proof items Y N Y
i) Flame proof items Y N Y

10. | Test certificates N N Y

11. | Guarantee certificates N N Y

Note:
1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from
the date of LOI.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic
coated folder.

Y - Yes, N -No
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1.0 SCOPE
1.1 This standard covers the technical requirements of design, manufacture, testing at

works and despatch in well packed condition of auxiliary service transformers.

1.2 This standard shall be applicable for 3 phase / single phase, separate winding
transformers of rating below 315 KVA used for Auxiliary services such as lighting,
control, Instrument supply etc.

2.0 STANDARDS TO BE FOLLOWED

21 The design, manufacture and testing of the equipment covered by this standard shall
comply with the latest issue of following Indian Standards. Equipment complying with
equivalent IEC standards shall also be acceptable.

IS: 1180 Part -- Outdoor type 3 phase distribution transformers up to and
-1&2 including 100 KVA, 11 KV
IS: 2026 --  Power transformers
IS: 11171 --  Dry type power transformers
2.2 The design and operational features of the equipment offered shall comply with the

provisions of the latest issue of the Indian Electricity Rules and other relevant statutory
acts and regulations. The supplier shall, wherever necessary, make suitable
modifications in the equipment to comply with the above.

2.3 Wherever any requirement, laid down in this standard, differs from that in Indian
Standard Specifications, the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS

3.1 Ambient Conditions
These shall be as indicated in Design Philosophy-Electrical.

3.2 System Details
These shall be as indicated in Design Philosophy-Electrical.

4.0 OPERATING REQUIREMENTS

4.1 The transformer shall be suitable for operating at the rated capacity continuously at any
of the taps, under the ambient conditions and with the voltage and frequency variations
as indicated in Design Philosophy-Electrical without exceeding the permissible
temperature and without any detrimental effect on any part.

5.0 GENERAL DESIGN FEATURES

5.1 Rated voltage and frequency
These shall be as indicated in Design Philosophy-Electrical.

5.2 Phase connections

5.2.1 Three phase transformer
FORM NO: 02-0000-0021 F2 REV4 All rights reserved
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The primary winding shall be connected in delta and secondary winding in star with
neutral point earthed (Vector group Dyn-11)

5.2.2 Single phase transformer

Primary winding shall be connected between two phases of a 3 phase system or to the
three phases in open delta execution and secondary single phase winding shall have
one terminal earthed with the tank through link inside the secondary terminal box.

5.3 Tapping
5.3.1 The transformers shall be provided with off circuit tap changer with tapping of + 2.5%
and £ 5%.

5.3.2 For transformers having primary 3.3 KV and above, tap changing shall be effected with
an externally operated handle, capable of being padlocked in any position on the
primary side.

5.3.3 For transformers having primary 415V and below, tap changing shall be effected by
means of links in the terminal chamber on the primary side.

5.4 Impedance voltage
The impedance voltage of the transformer at 75°C shall be 4%.
541 Losses

The losses shall be indicated by the vendor and shall be guaranteed, within tolerable
limits specified in IS: 2026 at rated voltage and frequency.

54.2 Terminal Arrangement

The primary and secondary side terminals shall be brought outside the tank through
porcelain bushing in dust and weather proof terminal boxes, with links for tap changing
where required and suitable heavy duty double compression type rolled aluminium
cable glands and cable lugs for receiving cables. The neutral point of the secondary
winding shall be brought out separately and earthed to the transformer body through
test link. Terminal board for the primary and the secondary winding shall be amply sized
and made of SRBP/ FRP materials.

54.3 Resistance to short circuit

The transformers shall be able to with stand electrodynamic stresses due to terminal
short circuit of the secondary assuming primary side fed from the infinite bus.

54.4 Cooling System

Transformers rated up to 50 KVA shall be natural air cooled type and above 50 KVA
shall be natural oil cooled / natural air cooled type.

6.0 CONSTRUCTIONAL FEATURES
6.1 Core

The transformer core shall be of high grade non ageing electrical silicon cold rolled
magnetic sheet steel of low hysteresis loss and high permeability. The maximum flux
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density in any part of the core and yoke at rated voltage and frequency shall not exceed
1.7 Tesla for oil cooled transformers and 1.3 Tesla for air cooled transformers.

6.1.1 The tank for oil cooled transformer shall be made of mild steel plate of adequate
thickness. Cooling tubes, where necessary, shall be provided.

6.1.2 Air cooled transformer shall be sheet steel enclosed having minimum thickness of 2.0
mm and shall be provided with suitable reinforcement as required. The minimum degree
of protection for the enclosure shall be IP: 31. Ventilating louvers, if provided, shall be
covered by fine wire mesh.

6.1.3 All external hardware shall be zinc passivated steel.

6.2 Windings

6.2.1 Coil shall be made out of electrolytic grade copper conductor.

6.2.2 Class-F / class-H insulating material shall be used for air cooled transformers.

6.2.3 For oil cooled transformer class-A insulating material shall be used. Mineral oil shall

comply with IS: 325. 10% extra oil shall be supplied along with transformer in non-
returnable drums.

6.2.4 Winding assembly shall be dried and impregnated in vacuum with tested insulating oil /
varnish.
6.3 Bushing

The bushing insulators shall be rated for the maximum system voltage and shall comply
with the requirement laid down in IS: 2099 / IS: 7421. The minimum current rating shall

be 250A.
7.0 FITTINGS
7.1 Following fittings shall be provided for air cooled transformers.

i) Rating and diagram plate

i) Lifting lug

iii) Primary and secondary cable boxes with heavy duty double compression type
aluminium cable glands and lugs.

iv) Earthing terminals

V) Rollers (for 25 KVA and above)

7.2 In addition to the above following fittings shall be provided for oil cooled transformer.
i) Oil conservator complete with drain plug, oil filling hole with cover and oil level
indicator with minimum marking.
ii) Silica gel breather
iii) Dial type thermometer
iv) Oil sampling cum drain valve
V) Explosion vent

vi) Air release plug

7.3 Any other fittings which may be necessary for satisfactory operation of the transformer
shall also be provided.
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7.4 All fittings shall conform to relevant Indian Standards.
8.0 PAINTING
8.1 The surface shall be painted after removing all dust, scale and foreign adhering matter.

All traces of oil and greases should be removed by suitable treatment.

8.2 All steel surfaces in contact with insulating oil shall be painted with heat resistant oil
insoluble insulating varnish.

8.3 All steel surfaces exposed to outside shall be painted with suitable anti rust and anti
corrosive paints. Epoxy paints shall be used.

8.4 All paints shall be carefully selected to withstand tropical heat and extremes of weather.
The paint shall not scale off, crinkle or be removed by abrasion due to normal handling.

8.5 IUSnIgss otherwise specified, the finishing shade shall be light grey shade no. 631 as per

8.6 1 litre paint per air / oil cooled transformer shall be supplied for touch up at site.

9.0 TESTS AND INSPECTION

9.1 All transformers shall be routine tested as per IS: 2026.

9.2 Additional tests, wherever specified, shall be carried out on one transformer of each
rating.

9.3 All the above mentioned tests shall be carried out in the presence of purchaser’s

representative. In addition, the transformer shall be subjected to stage inspection at
works and inspection at site for final acceptance.

9.4 These inspections shall, however, not absolve the vendor from his responsibility for
making good any defect which may be noticed subsequently.

10.0 DRAWINGS AND DOCUMENTS

10.1 The drawings and documents as per Annexure-l shall be supplied, unless otherwise
specified.

10.2 All drawings and documents shall have the following descriptions written boldly.

- Name of client

- Name of Consultant

- Enquiry / Order No. with plant / project name
- Equipment Code no. and Description

11.0 SPARES

11.1 Spares for operation and maintenance

Item wise unit prices of following items as applicable shall be offered along with the
main equipment with recommended quantity.
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i) Bushing with accessories for all voltage grades

i) Complete set of gaskets

iii) Oil level gauge (for oil cooled transformer only)

iv) Complete charge of silica gel with glass container (for oil cooled transformer

only)
V) Gland packing / O-ring for every valve (for oil cooled transformer only)
11.2 Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval

11.3 Any other spare parts not specified, but required, shall also be quoted along with the
offer.

11.4 All spare parts shall be identical to the parts used in the equipment.

12.0 PACKING

12.1 The transformers shall be suitably packed in wooden crates to avoid damage in transit.

Oil cooled transformers shall be properly sealed so as to completely exclude oxygen
and moisture from coming in contact with oil.

12.2 The packing box shall contain a copy of the installation, operation and maintenance
manual.

13.0 DEVIATIONS

13.1 Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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DOCUMENTATION FOR AUXILIARY SERVICE TRANSFORMERS

Documents Required (Y / N)
SI.No. Description
With Bid For Approval Final

1. Specification Sheet, duly completed Y Y Y
2. Technical Particulars, duly filled-in Y Y Y
3 Dimensional draw]ng with terminal Y Y Y

arrangement details
4. Illustrative and descriptive literature Y N Y
5 Installation, Operation and maintenance N N Y

manual
6. Test Certificates N N Y
7. Guarantee certificate N N Y
8. Spare parts list with identification marks Y N Y

Note:

1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from
the date of LOL.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic
coated folder.

Y -Yes, N -No
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1.0 SCOPE

1.1 This standard covers the technical requirements of design, manufacture, testing at
works and delivery in well-packed condition of Medium Voltage Switchboards.

1.2 This standard shall be applicable for the Power Control Centres, Power cum Motor
Control Centres and Motor Control Centres.

1.3 This standard shall be read in conjunction with relevant Schematic diagrams etc.

2.0 STANDARDS TO BE FOLLOWED

2.1 The design, manufacture and testing of the equipment shall comply with the latest issue
of the following Indian Standards, unless otherwise Specified. Equipment complying
with equivalent IEC standards shall also be acceptable.

IS 8623 - Specification for low voltage switchgear and control gear
assemblies
IS/IEC 60947 - Low-voltage switchgear and control gear (General Rules)
IS 5578 - Guide for marking of insulated conductors
IS 10118 - Code of practice for selection, installation and maintenance of
switchgear and control gear
IS 11353 - Guide for uniform system of marking and identification of
conductors and apparatus terminals
Various components housed in the switchboards shall conform to the Indian Standard
specifications as mentioned against the component details or IEC specifications.

2.2 The design and operational features of all the equipment offered shall also comply with
the provisions of the latest issue of the Indian Electricity Rules and other Statutory Acts
and Regulations, as applicable. The supplier shall, wherever necessary, make suitable
modifications in the equipment to comply with the above.

2.3 Wherever any requirement, laid down in this standard, differs from that in Indian
Standard Specification / IEC Specification, the requirement specified herein shall
prevail.

3.0 SERVICE CONDITIONS

3.1 Ambient Conditions
These shall be as indicated in Design Philosophy-Electrical.

3.2 System Details
These shall be as indicated in Design Philosophy-Electrical.

4.0 OPERATING REQUIREMENTS

The Medium Voltage Switchboards shall be suitable for operating at the specified rating
continuously, with the specified voltage and frequency variations under the ambient
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5.0

5.1

5.1.1

514
515

5.1.7

5.1.8

5.1.10
5.1.11

5.1.12

5.2

conditions indicated in Design Philosophy-Electrical, without exceeding the permissible
temperature rise and without any detrimental effect on any part.

DESIGN AND CONSTRUCTIONAL FEATURES
General

The switchboards shall consist of an assembly of a series of floor mounting, identical,
metal clad, dead front type sheet steel panels of unitized design. The panels shall be
placed side by side to form a compact assembly and shall be extensible on either side.

The complete assembly shall be dust, damp and vermin proof having minimum degree
of protection equivalent to IP-52 as per IS/IEC 60947.

The frame work of the cubicles shall be of bolted/welded construction. The minimum
thickness of sheet steel shall be 2 mm for load bearing members, 1.6 mm for non-load
bearing members and 3 mm for base channel. The doors and covers shall be fabricated
from cold rolled sheets. Suitable reinforcement, wherever necessary, shall be provided.

The door hinges shall be concealed type.

All external hardwares shall be zinc passivated steel. The hardwares for fixing the
removable parts shall be provided with retaining devices.

The doors and the removable covers shall be provided with non-deteriorating neoprene
gaskets. Gaskets without any discontinuity shall be preferred. Gaskets shall be held in
position in groove, in shaped sheet steel work or these shall be of U type. Adhesive
cement, if used, shall be of good quality so that the gaskets do not come off during
service.

All the components shall be accessible for inspection and maintenance without the
necessity for removal of the adjacent ones.

The layout of the component inside the module shall be liberal to facilitate maintenance
and interconnecting wiring between the components shall not be subjected to any
undue stresses at the bends.

Mounting height of components requiring operations and observation shall not be lower
than 300 mm and higher than 1800 mm.

Inter panel barriers shall be provided.

All the live parts which are accessible after opening of front cover/cable alley cover/back
cover shall be properly insulated or provided with insulating barrier to prevent accidental
contact. Removal facility shall be provided for all such parts.

Adequate arrangement for earthing shall be provided to safeguard the operator or other
personnel from electric hazards under all conditions of operation.

Panel Arrangement

The Switchboards shall be in drawout, single front/double front execution, fully
compartmentalised type and divided into distinct panels, each comprising of:

i) A completely metal enclosed bus-bars compartment running horizontally the top.
ii) Individual feeder modules.

iii) Enclosed vertical bus-bars serving all modules, in case of multi-tier panels.

iv) A vertical cable alley.

V) Separate horizontal enclosure for all auxiliary power and control buses.
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53 Circuit Breaker Controlled Feeders
5.3.1 The panels housing circuit breaker feeders shall be in single front draw out execution.

The incoming and bus coupler circuit breaker feeders shall be in single tier formation
while the outgoing circuit breaker feeders may be in double tier formation.

5.3.2 A suitable barrier shall be provided between the circuit breaker and the associated
control, protective and indication devices including instrument transformers.

5.3.3 All the protective relays and meters shall be flush mounted type. The relays and meters
pertaining to a particular circuit breaker shall be mounted on the same panel. Where it is
not possible to accommodate all the relays and meters in the same panel, one metering
panel shall be provided adjacent to the circuit breaker panel exclusively for that feeder.
Location of these in the adjacent panel of other feeders shall not be acceptable.

534 A spacious cable chamber suitable for accommodation, support and termination of
required number of power cables shall be provided at the back. No bare bus-bars or live
connection shall intrude into the cabling space.

5.3.5 The switchboard shall be provided with following inter locks and safety features:

i) It shall not be possible to open the compartment door unless the breaker is drawn
to isolated position.

i) The withdrawn and engagement of a circuit breaker shall not be possible unless it
is in open position.

iii) The operation of a circuit breaker shall not be possible unless it is in fully service,
test or isolated position.

iv) It shall not be possible to close the circuit breaker in service position unless all
auxiliary and control circuits are connected.

V) A breaker of the lower rating shall be prevented from engaging with the stationary
element of higher rating.

vi) Insertion of the manual mechanism shall render the motorised mechanism in
operation.

vii)  Circuit breaker ‘ON’, ‘OFF’ indication shall be provided at the back of each panel.
Alternatively, alarm shall be provided in case panel back door is opened with
breaker “ON”.

viii)  Caution nameplate shall be provided at the back of incomer's panels where
terminals are likely to remain live and isolation is possible only from remote end.
ix)  Automatic safety shutter, with Padlocking facility for locking in closed position, to

completely cover the spouts for the bus-bars and cable connection when the
breaker is withdrawn.

54 Switch/MCCB Controlled Feeders

541 The panels housing motor starter or other feeders shall be draw out type in single front
or double front execution.

54.2 All components of one feeder shall be mounted on a rigid sheet steel chassis.

54.3 Each panel shall be divided into a number of modules in tier formation placed one

above the other. These modules shall be closed on all sides.

544 The modules shall be so placed that largest one is placed at the bottom of the panel.
Type modules shall be at least 300 mm from the base channel.

545 The number of modules shall be so decided that the cables in the cable alley are not
over crowded. However the number of module in any panel shall not exceed six.
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5.4.6 The minimum size of module shall be 300 mm and 200 mm for starter and switch fuse
feeders respectively.
54.7 The minimum clear width of cable alley shall be 250 mm.
5.4.8 For MCC rated above 630 Amp. The incomer and bus coupler modules shall be located

in individual single panel. For MCC rated for 630 Amp. and below the incomer and bus
coupler modules shall be half the panel size.

549 The module door shall be so interlocked that it shall not be possible to open the door
with switch in closed position and close the door unless the module is fully plugged in.
Defeat interlock facility shall be provided.

55 Special Features of Draw out Modules
5.5.1 The module shall be fully draw out type with sheet steel chassis moving freely on the
guides. Chassis of the same size shall be fully interchangeabile.
5.5.2 The module shall have the following distinct mechanical positions:
i) Service  -- In which both power and control contacts shall be made.
i) Test -- In which power contacts shall be isolated but control contacts
shall be made.
iii) Isolated --  In which both power and control contacts shall be Isolated.

Maintenance position shall be preferred.

55.3 Each position shall be clearly marked. Padlocking facility shall be provided to padlock
the chassis in any of the position.

554 The movement of the chassis from one position to the other shall be controlled by using
an appropriate racking mechanism. Stopper shall be provided to prevent over travel of
the chassis beyond the isolated position.

5.5.5 The guiding system shall permit smooth movement of the module and the power and
control contacts shall be self-aligning type so that accurate alignment of the contacts is
ensured.

5.5.6 No wiring shall be taken to the door. Only the actuators of the push buttons and

switches, lenses for the indicating lamps and Perspex cover for meters shall be
mounted on the door.

55.7 The power contacts shall be of plug-in/stab-in type made of silver plated copper, spring
loaded and of adequate current carrying capacity. The contacts shall be so designed
that contact pressure is maintained both under normal and short circuit conditions.

5.5.8 The parting contacts, both on bus-bar side and outgoing cable side, shall always be
copper to copper and both sides silver plated. A bimetallic strip shall be used where two
dissimilar materials are in contact.

5.6 Bus-Bars and Connections

5.6.1 The bus-bars shall be for three phase and neutral. The main bus-bars and connections
shall be made of high conductivity Aluminium alloy conforming to grade E 91 E of IS
5082 / electrolytic grade copper of rectangular cross-section. Auxiliary bus-bars for
control supply, space heater supply etc. shall be made of electrolytic copper.

5.6.2 The horizontal bus-bars shall be insulated with heat shrinkable PVC sleeves of reputed
make to protect against approach to live parts. The vertical bus-bars shall be sleeved or
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5.6.3

5.6.4

5.6.5
5.6.6

5.6.7

5.6.8
5.6.9

5.6.10

5.7

5.8

5.8.1

5.8.2

5.8.3

5.9

5.9.1

shrouded by barriers. Removable type insulating shrouds shall be provided for all joints
of horizontal bus-bars.

The bus-bars shall be amply sized to carry the rated continuous current under the
specified ambient temperature without exceeding temperature limits specified in IS:
8084. The thermal rating of the bus-bars shall be designed to withstand the system fault
current for 1 second without exceeding the limiting temperature of 200°C for bare
Aluminium/Copper. Calculation for bus-bars sizing shall be furnished along with the
offer.

Horizontal bus-bars shall be of the same cross-section through out. Stepped bus-bars
shall not be acceptable.

The bus-bars shall be arranged and colour coded according to IS: 5578 / IS: 11353.

The bus-bar chamber shall be sufficiently spacious and shall have separate screwed
covers for maintenance purpose.

The bus-bars shall be rigidly supported at equal intervals to withstand maximum short
circuit stresses. The supports shall be of moulded construction with built-in anti-tracking
barriers. The support materials shall be of DMC or fibreglass reinforced thermosetting
plastic.

Bus-bar joints shall be between the two transporting sections only.

A minimum of two bolts shall be used in bus-bar joints. Only high tensile electric
galvanized bolts, nuts and washers shall be used.

In case of Aluminium bus-bars, all joints shall be suitably treated to avoid oxidation of
contact surfaces and bimetallic corrosion.
Earth Bus

A continuous earth bus of Aluminium, running along the entire length of the lower part of
the switchboard shall be provided with lugs at two ends for external connections. The
minimum size of earth bus shall be suitable for carrying three phase fault current for 1
sec.

Bus Duct

Suitable extension of bus-bars in proper phase sequence on the top or bottom, with the
connecting bolts shall be provided where connection of transformer to switchboard is
specified to be through bus duct.

Bus duct between two halves of a switchboard, if required, shall be supplied by the
switchboard manufacturer. The bus-bars of interconnecting bust duct shall be similar to
the main bus-bars of the switchboard and as specified above.

Bust duct between transformer and incoming breaker panel, if included in Vendor’s
scope, shall conform to TS-8062.
Clearances and Creepage Distances
The clearances and creepage distances shall not be lower than the values specified
below:

i) Minimum clearance between two live conductors - 20mm

i)  Minimum clearance between live parts and accidentally -- 20 mm
dangerous part
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iii)  Minimum creepage distance - 28 mm

The clearances and creepage, as specified above, shall definitely be maintained in the
bus-bar system. Provision of bus-bar insulation, separators or barriers shall not be
considered to reduce the clearance from the values specified above.

At the termination points in the equipment e.g. switches, contactors, thermal relays etc.
It is realized that above clearances may not always be possible to be maintained. All
such points, where above clearances and creepage distances are not possible to be
maintained, shall be insulated or taped.

Insulation

The insulation used shall be non-hygroscopic and may be of porcelain, epoxy resins or
fibreglass moulded with plastic. It shall be of adequate electrical, mechanical and
thermal strength to give trouble free service during normal operation and short circuit
conditions.

The insulation shall be treated suitably to withstand the tropical conditions and
atmospheric pollution.

Power Wiring

The connections from bus-bar to individual functional unit on the modules shall be of
PVC insulated flexible copper cables or taped Copper/Aluminium strip.

The power wiring size shall be decided based on rating of the switch/breaker after using
a rating factor of not more than 50% over the current rating in free air.

Power wiring size selected for breaker controlled module shall also be able to withstand
full short circuit current for duration of 0.25 sec.

In any case minimum size of power wiring shall not be less than 4 sq. mm copper.
The size of connection from incomer to horizontal bus-bar and from horizontal bus-bar
to bus-coupler shall not be less than the size adopted for horizontal bus-bar.

Control Wiring

The switchboard shall be completely factory wired and ready for external connections.

The wiring shall be carried out with flexible stranded PVC insulated copper conductor
cables of 1100 Volt grade. The size of wires shall be as follows:

C.T. Circuit - 2.5sq.mm
V.T. and Control Circuits - 1.5sq.mm

All wiring shall be provided with dependent both ends marking as per IS: 5578.
Numbered ferrules, reading from the terminals outwards, shall be provided at both ends
of all wiring for easy identification. These shall be interlocking type plastic ferrules.

Control wiring circuits, fed from a supply common to a number of panels, shall be so
protected that failure of a circuit in one panel does not effect the operation of the other
panels.

The wiring to the equipment mounted on the doors shall be carried out with flexible multi
strand copper conductor cable and so supported that on opening of the door there is no
undue strain on wire leads.

The control cables shall be neatly arranged and property supported.
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513 External Cable Termination

5.13.1 All power and control cables shall enter the switchboard from the bottom. Sufficient
space shall be provided for ease of connection and termination of cables.

5.13.2 The type, number and sizes of cables shall be as indicated in Feeder details.

5.13.3 Double Compression type cable glands along with the cable lugs as required shall be
provided for termination of cables.

5.13.4 The cable glands shall be of rolled Aluminium or nickel plated brass heavy duty double
compression type and shall be mounted on a removable gland plate, provided at a
minimum height of 75 mm from the bottom of the switchboard. Two number spare
knockouts of size 20 mm shall also be provided on the gland plates for future use.
Gland for termination of single core cables shall be nonmagnetic type.

5.13.5 For all power cables, crimped type Aluminium lugs for Aluminium cables and tinned
Copper lugs for Copper cables shall be provided.

5.13.6 The terminal blocks shall be pressure clamp type up to 35 sq. mm cable sizes and
bolted lug type for higher sizes of cables. These shall be protected type and rated for
1100 Volts service. The minimum current rating of terminal block shall be 16 Amp. The
construction shall be such that after the connection of cables by means of lugs,
necessary clearance and creepage distance are available.

5.13.7 Where more than two cables in parallel are required to be terminated, a system of bus
links shall be provided with adequate clearance and spacing.

5.13.8 Suitable clamps to support the vertical run of cables shall be provided.

5.13.9 The terminal block shall be grouped according to circuit functions and suitably
numbered. 20% extra terminals shall be provided in the terminal block.

5.13.10  For power connections, suitable marking on the terminals shall be provided to identify
the phases.

5.14 Feeder Details

5141 The requirements of incomer, bus coupler and outgoing feeders shall be as indicated in
the single line diagram, feeder details and corresponding schematic diagrams.

5.14.2 Interlocks shall be provided between incomers and bus section panels. The interlocks
shall be either electrical or mechanical type. In addition, arrangement for defeating the
interlock shall also be provided to facilitate manual changeover.

5.14.3 Auto changeover scheme, wherever specified, shall be provided.

5.15 Dummy Panels
Dummy panels complete with bus-bar system in 400 mm width may be required for
which unit price shall be indicated.

5.16 Control Power Supply

5.16.1 D.C. Power required for closing, tripping and indication of circuit breaker feeders shall
be supplied at the bus coupler panel through two completely separate circuits by owner,
one for tripping and other for closing and indication.

5.16.2 For receiving each external control supply, a double pole miniature circuit breaker shall

be provided. This power shall be distributed inside the switchboard for each circuit
breaker feeder having its MCB unit.
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517 Space Heater Power Supply

5171 Panel space heater shall be fed from a separate bus common for the whole board. This
bus shall be fed from owner’s supply for which a double pole MCB shall be provided in
bus section panel.

5.17.2 Power supply for space heaters of motors shall be tapped from this bus by means of a
MCB located in the motor feeder compartment. These MCBs shall be of triple pole and
rated for 15 Amp.

6.0 COMPONENT DETAILS
Components of the switchgear shall ensure type of coordination ‘C’ as per 1S:60947
(Part 4/ Section 1). The make of the components shall be as specified elsewhere in the
NIT.

6.1 Circuit Breaker

6.1.1 The circuit breakers shall comply with the requirement of IS/IEC 60947 .

6.1.2 All circuit breakers shall be of P2 (0-3 min - CO - 3 min - CO) category, capable of
carrying the specified current at the site conditions and making/breaking of the system
fault current.

6.1.3 Type test certificates from an independent testing authority shall be furnished along with
the offer for each circuit breaker rating and type.

6.1.4 The circuit breakers controlling motors shall be suitable for DOL starting and stopping of
induction motor a number of times.

6.1.5 The circuit breakers controlling capacitors shall be suitable for energizing and de-
energizing the rated capacitor bank.

6.1.6 The circuit breakers shall be of the 3 phase, 4 pole horizontal draw out, horizontal
isolation, air break type.

6.1.7 The circuit breaker shall be suitable for electrical or manual closing as specified. Manual
operated breakers shall have independent manual spring closing mechanism. In case of
electrically operated breaker, it shall have motor wound spring mechanism. In all cases
tripping shall be by means of shunt trip coil.

6.1.8 All circuit breaker units of the same rating shall be physically and electrically
interchangeable.

6.1.9 The circuit breakers shall be electrically and mechanically trip free and provided with
anti-pumping feature.

6.1.10 Provision shall be made for slow closing for maintenance purposes. A suitable handle
shall be provided one for each board for this purpose.

6.1.11 The circuit breakers shall have three positions i.e. service, test and isolated with the
cubicle door closed. Necessary stoppers shall be provided to prevent the excessive
movement of the breaker cradle than desired for the position. Service and test positions
of the breaker shall have monitoring switch having 1TNO+1NC contacts.

6.1.12 The circuit breaker shall be provided with emergency manual trip device, mechanical
‘ON’, ‘OFF’ and ‘ISOLATED’ position indicators and operation counter.

6.1.13 A maintenance truck/device for raising, lowering and withdrawal of the circuit breaker

shall be supplied for each switch board.
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6.1.14 The arc interrupting devices shall be capable of interrupting satisfactorily current from
zero to the rated interrupting current when used on predominantly capacitive or
inductive circuits, without requiring excessive maintenance of the contacts. The arc
shall be restricted within the interrupting chamber and no emission of flame shall be
allowed which may cause electrical breakdown or damage to insulation on the
apparatus.

6.1.15 The main contacts shall be self aligning, adjustable and replaceable type.

6.1.16 The arcing contacts shall be easily accessible for maintenance and inspection and shall
be easily replaceable type. They shall be provided with, contact face of special arc-
resisting and non-pitting metal.

6.1.17 Mechanical safety interlock shall be provided for safe operation and movement of the
breaker.

6.1.18 The circuit breakers shall be provided with minimum of four normally open and four
normally closed auxiliary switch contacts, over and above those required for its own
control scheme, for Owner’s use. The contacts shall be wired separately to the terminal
board.

6.2 Moulded Case Circuit Breakers

6.2.1 The circuit breaker shall conform to IS/IEC 60947 and shall be of P2 category having
rupturing capacity as specified and mounted on a draw out chassis.

6.2.2 The circuit breaker shall be provided with spring assisted quick make quick break type
manually operated trip free mechanism, mechanical ‘ON’, ‘OFF’ position indicators,
thermal tripping devices of inverse characteristics, instantaneous short circuit tripping
devices and necessary auxiliary and alarm switches. The MCCB Chassis shall be
provided with service, test and isolated position and automatic safety shutter.

6.2.3 The thermal and short circuit tripping devices shall be adjustable type.

6.2.4 When used for motor circuits, shunt trip device shall be provided and the let through
power of controlling MCCB shall be lower than the respective contactor.

6.2.5 In addition, under voltage trip shall be provided.

6.3 Switches

6.3.1 The switches shall be motor duty type AC 23 Category and shall comply with the
requirements laid down in IS/IEC 60947. Switches up to 63 Amps shall be rotary type
and those of 100 Amps. & above, link type.

6.3.2 ‘ON’ and ‘OFF’ position of the switches shall be indicated on the module. Provision shall
be made to lock the switch in the ‘OFF’ position.

6.3.3 The fixed contacts shall be shrouded type. All contacts shall be silver plated.

6.4 Fuses

6.4.1 The fuses shall be of non-deteriorating HRC cartridge link type and shall conform to IS:
13703. They shall be suitable for the load and service required in the circuit.

6.4.2 One fuse puller shall be supplied along with each board.
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6.5 Air Break Contactors

6.5.1 The Air Break Contactors shall be of Category AC3/AC4, unless otherwise specified,
conforming to IS: 60947 and flapper type.

6.5.2 The dropout voltage shall not exceed 65% of rated voltage.

6.5.3 Each contactor shall be provided with auxiliary contacts as required. The rating of the
auxiliary contacts shall be 5 Amps. AC or 1 Amp DC at the specified control voltages.
The spare auxiliary contacts shall also be wired up to the terminal blocks.

6.6 Bimetal Thermal Overload Relays

6.6.1 The contactor shall be provided with three pole bimetal thermal overload relays, unless
other-wise specified. The bimetal relays shall be of suitable range, ambient temperature
compensated and shall be separate mounting type. They shall be adjustable through
graduated scale and shall be provided with changeover contact. Thermal relays having
long time/current characteristics, operated through saturated C.T.s shall be supplied,
wherever required.

6.6.2 Bimetal thermal relays shall conform to I1S: 3231 and IS/IEC 60947 and shall have built-
in single phasing preventor.

6.6.3 The bimetal relays shall be provided with a manual resetting device resetable after
opening module door. Auto reset thermal relays are not acceptable.

6.7 Current Transformers
6.7.1 The current transformers shall conform to IS: 2705.
6.7.2 C.T.s shall be Class F insulated and vacuum impregnated or resin cast. The C.T.s shall

be rigidly mounted and shall be easily accessible for maintenance and testing.

6.7.3 The short time thermal withstand ratings of C.T.s shall be same as the thermal
withstand rating of the breakers.

6.7.4 The C.T.s output shall be minimum 15VA for breaker feeders and 7.5 VA for the other
feeders per phase and in any case, the output shall be adequate for the protection and
metering duties involved with sufficient margin. The C.T.s shall have the following
accuracies for the various applications:

Application Class of accuracy as per
IS: 2705
i)  For metering service -1
ii) For use with protective relays - 5P

iii) For use with restricted earth fault and differential - PS

relays
6.7.5 The C.T. cores for metering and protection shall be separate.
6.7.6 The ratio of C.T.s shall be as specified in Feeder details.
6.7.7 All the C.T.s shall be provided with terminals and shorting links. One of the terminals of

the C.T. shall be earthed. The polarity of the C.T.s shall be clearly marked.
6.7.8 Provision of Interposing C.T.s is not acceptable.
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6.7.9 The C.T.s shall be capable of withstanding momentary open circuit on the secondary
side without injurious effects.

6.8 Voltage Transformers

6.8.1 The V.T.s shall be Class F insulated and vacuum impregnated or resin cast conforming
to I1S: 3156.

6.8.2 The primary nominal voltage shall be equal to the system nominal voltage. The
secondary terminal voltage shall be 110 V.

6.8.3 The primary and secondary winding shall be protected by HRC fuses in each phase
except in the ground phase of the secondary side.

6.8.4 The V.T.s shall be mounted on separate withdrawable carriage. The accuracy Class of
V.T.s shall be 1.

6.8.5 The rated output of each V.T. shall be adequate for the relays, meters and associated
wiring connected to it and shall not be less than 50 VA per phase.

6.9 Control Transformers
These shall be air cooled Class F insulated and vacuum impregnated. The rating of
control transformer shall be twice the hold on VA of all contactor/relays or 2.5 KVA
whichever is high. It shall be free from hum and rigidly mounted. Epoxy cast
transformers shall be preferred.

6.10 Transformers for Kondorffer Starting
These shall be three phase core type, Class F insulated and vacuum impregnated.
Tapping at 90%, 80%, 70% & 60% shall be provided and terminals shall be brought out
for easy change of tapping at site. The operating temperature shall not exceed 80°C.
The transformers shall be suitable for taking 7.5 times the specified full load current of
the motor continuously for 120 secs.

6.11 Relays

6.11.1 All protective relays shall be of latest version, microprocessor based numerical type with
communication port and interlinked with online energy management system. 100%
redundancy shall be provided for communication.

6.12 Timers
The timers shall be electronic pneumatic or synchronous type with manual/auto reset
features as per the functional requirements. The time delay shall be ‘ON’ delay or ‘OFF’
delay type as specified. The repeat accuracy shall be 0.5% or better.

6.13 Single Phasing Preventor

6.13.1 Single phasing preventor relay shall be of the current operated type, suitable for the
system voltage. The relay shall not operate for normal system voltage but operate
positively in the event of unbalanced voltage more than the normal. The relay shall not
operate in case of total interruption of power.

6.13.2 The relay shall be fail safe, self reset type and provided with flag indication. The relay

operation shall be independent of the motor rating, loading and speed.
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6.14 Instruments and Meters

6.14.1 All instruments shall be flush mounting type with square face of 96 mm x 96 mm. They
shall be tropicalized and dust tight.

6.14.2 Meters shall be digital multifunctional meters with communication port for energy
management at remote location.

6.14.3 All ammeters and voltmeters, to be provided separately, shall have 0-90° scale and
shall be moving iron spring controlled type of class 1.5 accuracy as per IS: 1248. The
scale range of the ammeters and voltmeters shall be as indicated in the Feeder details.

6.14.4 In case of motor feeders, the ammeters shall be graduated uniformly upto C.T. primary
current and with compressed end scale upto 6 times C.T. primary current. Red pointer
shall be provided, which shall be adjusted at site for indicating full load current of the
motor.

6.15 Push Buttons and Control Switches

6.15.1 The switches and push buttons shall conform to utilization category AC11/DC11 as per
IS: 60947. The contact shall be rated to make, break and carry inductive current of 5
Amp at 415V AC and 1 Amp at 220 V DC.

6.15.2 The control switches shall be spring return rotary type, unless otherwise specified and
provided with pistol grip type handle. The control switches for circuit breakers shall be
additionally fitted with lost motion devices and sequencing devices.

6.15.3 The selector switches shall be stay put rotary type and provided with oval shape
handles.

6.15.4 The push buttons shall be of momentary contact spring loaded type with a set of
normally close and open contacts. The push button for ‘Start’ shall be shrouded type
and coloured green, stop push button shall be un-shrouded type and coloured red and
other push buttons shall be un-shrouded type coloured black. The fixing ring shall be
metallic white.

6.15.5 Emergency stop push buttons, if specified, shall be lockable in pushed position.

6.16 Miniature Circuit Breakers

6.16.1 The miniature circuit breakers shall conform to IS: 8828 and shall be of duty category
M-9.

6.16.2 It shall be provided with overload and short circuit protective devices in a heat resistant
housing.

6.16.3 A certificate for short circuit rating and Current-Time tripping curve shall be furnished
along with the offer.

6.17 Signal Lamps

6.17.1 Signal lamps shall be provided to indicate the various circuit conditions as shown in
scheme drawings. The colour of the lamps for various functions shall be as follows :

Red -- Circuit breaker/switch/contactor closed.
Green -- Circuit breaker/switch/contactor open.
White - Trip circuit healthy.
Amber - Alarm and auto trip.
Blue -- Non-Trip
6.17.2 All lamps shall be of LED type with lumen output of 200 mili candela in axial direction.
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ACCESSORIES
The supply shall include the following accessories:

-- Maintenance truck/device for raising, lowering and withdrawal of circuit breaker, if
required.

- Fuse puller.
--  Test plug for relays.
- Test plug for kWh meters.

Space Heater

Each vertical section shall be provided with a thermostatically controlled space heater,
rated for 240 V, 50 Hz and controlled through double pole miniature circuit breaker.

Name Plates

The switchboard shall have large name plate on the top indicating its Name,
Designation and Code No.

Each feeder shall be provided with name plate. Each single front panel shall have name
plate indicating panel number both in front and back.

All control switches, push buttons, lamps etc. shall have functional identification labels.

Name plate shall be of black Perspex with white engraving and of minimum 3mm thick.

Any other accessories required, but not specified, shall also be supplied to make the
switchboard complete in all respects and ensure safe and proper operation.

PAINTING

The enclosure, after degreasing, pickling in acid, cold rinsing, phosphatising,
passivating etc. shall be painted with two coats of anti-rust paint followed by two coats
of anticorrosive paint.

Epoxy based paint shall be used.

All paints shall be carefully selected to withstand tropical heat and extremes of weather.
The paint shall not scale off, crinkle or be removed by abrasion due to normal handling.

Unless otherwise specified, the finishing shade shall be light grey having Shade No.631
as per IS: 5.

One litre of paint shall be supplied along with each board for touch up at site.
TESTS AND INSPECTION

All the switchboards shall be subjected to routine test as per IS: 8623 and their
components as per relevant standards.

Additional tests, wherever specified, shall be carried out.
All the above tests shall be carried out in presence of Purchaser’s representative. In

addition, the equipment shall be subjected to stage inspection during process of
manufacture at works and site inspection.
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These inspections shall however, not absolve the vendor from their responsibility for
making good any defect which may be noticed subsequently.

DRAWINGS AND DOCUMENTS

Drawings and documents as per Annexure-l shall be supplied, unless otherwise
specified.
All drawings and documents shall have the following description written boldly:

-- Name of Client

-- Name of Consultant

-- Enquiry / Order Number with Project / Plant Name
--  Code No. & Description

SPARES

Spares for operation and maintenance

Item wise unit prices of spare parts with recommended quantity shall be quoted along
with the main equipment as listed in Annexure-II.

Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.

Any other spare parts not specified, but required, shall also be quoted along with the
offer.

All spare parts shall be identical to the parts used in the switch boards.
PACKING

The board shall be properly packed before despatch to avoid damage during transport,
storage and handling.

The packing box shall contain a copy of the installation, operation and maintenance
manual.

A sign to indicate the upright position of the panels to be placed during transport and
storage shall be clearly marked. Also proper arrangement shall be provided to handle
the equipment.
DEVIATIONS

Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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ANNEXURE -1

DOCUMENTATION FOR MEDIUM VOLTAGE SWITCHBOARDS

Documents Required (Y / N)
Sl.No. Documentation Description
With Bid For Approval Final

1. Specification Sheets, duly completed Y Y Y
2. Technical Particulars, duly filled in Y Y Y
3. Feeder Details Y Y Y
4. General arrangement and Foundation Drgs. N Y Y
5. Schematic and Wiring Diagrams N Y Y
6. Calculation for Bus-bar sizing Y Y N
7. Terminal Arrangement Drgs. N Y Y
8. Illustrative and Descriptive Literature Y N Y
9. Catalogues for bought out accessories. Y N Y
10. Installation, Operation and maintenance manual. N N Y

11. Test Certificates
i) Type -- Switchboard Y N N
-- Circuit Breaker Y N N
-- MCCB’s Y N N
i) Routine N N Y
12. Guarantee Certificates N N Y
13. Spare Parts List Y N Y

Note:

1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from
the date of LOI.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic
coated folder.

Y -Yes, N-No
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ANNEXURE - I

LIST OF SPARES

The following spare parts shall be quoted along with the offer:

A. Panels with Bus-bars.
B. Modules of various motor ratings and types of outlets.
C. BREAKERS (OF EACH RATING)

Fixed Arcing Contact Assembly
Moving Arcing Contact Assembly
Mechanism Reset Spring

iv)  Trip bar spring and any other spring used in the circuit breaker mechanism
v)  Cluster Contacts
vi)  Arc Chute Assembly
vii)  Shunt trip Coil
viii) Closing Coil
ix)  Motors for MWS operated breakers
X)  Secondary Isolating Contact Blocks
xi)  Release Devices, if any
xii)  Shutter Assembly
D. SWITCHES ( OF EACH RATING)
i) Assembled Switch in Open Execution
i)  Single Pole moving Blade Assembly
iii)  Single Pole Base Assembly
E. FUSES (OF EACH RATING)
i) Fuse Link
i)  Fuse Fittings
F. CONTROL SWITCHES
i) Trip-Neutral-Close Control Switch
i)  Local-Remote Selector Switch
iii)  Thermostat
iv)  Ammeter Selector Switch
v)  Voltmeter Selector Switch
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vi)  Push Button Element

vii) Push Button actuator of each type

CONTACTOR (OF EACH RATING)

i) Contactor with Auxiliary Contacts
i)  Operating Coll

iii)  Auxiliary Contact Block

RELAYS
i) Relays of each type
i)  Glass cover of each case.

INDICATION LAMPS

i) Indicating Lamp Globes of each colour.

i)  Indication Lamp Fittings
i)  Indicating Lamp Bulbs

METERS
i) Ammeter

i)  Voltmeter

TRANSFORMERS
i) Current Transformer of each rating.

i)  Potential Transformers
MCB (OF EACH RATING)

MISCELLANEOUS
i) Alarm Bell

i)  Alarm Buzzer
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1.0 SCOPE

1.1 This standard covers the technical requirements of design, manufacture, testing at
works and delivery in well-packed condition of Sheet Steel Distribution Boards.

2.0 STANDARDS TO BE FOLLOWED

2.1 The design, manufacture and testing of the equipment shall comply with the latest issue
of the following Indian Standards, unless otherwise specified. Equipment complying with
equivalent IEC standards shall also be acceptable.

IS: 8623 - Specification for low voltage switchgear and control gear
assemblies.
IS: 13947 - Specification for Low-voltage Switchgear and Control gear
IS: 5578 - Guide for marking of insulated conductors.
IS: 11353 - Guide for uniform system of marking and identification of
conductors and apparatus terminals.
IS: 10118 - Code of practice for selection, installation and maintenance of
switchgear and control gear.
Various components housed in the distribution board shall conform to the Indian
Standard Specification as mentioned against the component details.

2.2 The design and operational features of the equipment offered shall also comply with the
provisions of the latest issue of the Indian Electricity Rules and other Statutory Acts and
Regulations. The supplier shall, wherever necessary, make suitable modifications in the
equipment to comply with the above.

2.3 Wherever any requirement, laid down in this standard, differs from that in Indian
Standard Specification the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS

3.1 Ambient Conditions
These shall be as indicated in Design Philosophy-Electrical.

3.2 System Details
These shall be as indicated in Design Philosophy-Electrical.

4.0 OPERATING REQUIREMENTS

The distribution board shall be suitable for operating at the specified rating continuously
with the specified voltage and frequency variations under the ambient conditions
indicated in Design Philosophy-Electrical, without exceeding the permissible
temperature rise and without any detrimental effect on any part.
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DESIGN AND CONSTRUCTIONAL FEATURES

General

The distribution board shall consist of an assembly of a series of floor mounting,
identical, metal clad, dead front type panels of unitized design. The panels shall be
placed side by side to form a compact assembly and shall be extensible on either side.

The complete assembly shall be dust, damp and vermin proof having minimum degree
of protection equivalent to IP-52 as per IS: 13947.

The frame work of the cubicles shall be of bolted/welded construction. The minimum
thickness of steel shall be 2 mm for load bearing members, 1.6 mm for non-load bearing
members and 3 mm for base channel. The doors and covers shall be fabricated from
cold rolled sheet steel. Suitable reinforcement, wherever necessary, shall be provided.

The door hinges shall be concealed type.

All external hardware shall be zinc passivated. The hardware for fixing the removable
parts shall be provided with retaining devices.

The doors and the removable covers shall be provided with non-deteriorating neoprene
gaskets. Gaskets without any discontinuity shall be preferred. Gaskets shall be held in
position in groove of shaped sheet steel work or these shall be of U type. Adhesive
cement, if used, shall be of good quality so that the gaskets do not come off during
service.

All the components shall be accessible for inspection and maintenance without the
necessity for removal of the adjacent ones. In case of single front design all
components shall be accessible from the front for maintenance and back opening
doors/ openable covers for maintenance shall not be acceptable.

The layout of the components inside a module shall be liberal to facilitate maintenance
and the interconnection of wiring between the components shall not be subjected to any
undue stress at the bends.

Mounting height of components requiring operation and observation shall not be lower
than 300 mm and higher than 1800 mm.

Inter panel barriers shall be provided.

Adequate arrangement for earthing shall be provided to safeguard the operator or other
personnel from electric hazards under all conditions of operation.

Panel Arrangement

The distribution board shall be drawout / non-drawout type in single front/double front
configuration.

Each Panel shall have its horizontal bus-bar chamber running on the top with multi-tier
module units in the centre and having vertical bus-bar chamber and cable alley on
either side.

The modules shall be enclosed on all sides and shall be so arranged that larger ones
are placed at the bottom portion of the panel. Fixed type modules shall be at least 300
mm from the base channel.

The number of modules in the panel shall not exceed six for motor starter feeders and
eight for switch fuse/MCB/MCCB feeders. The minimum size of module shall be 300
mm and 200 mm for starter and switch fuse feeders. The incomer and bus coupler
module sizes for ratings up to 400 A shall be half the panel size. For higher ratings they
shall be housed in single panel.
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The module door shall be so interlocked that it shall not be possible to open the door
with switch in closed position. Defeat interlock facility shall be provided.

The relay, meters, switches and lamps shall be flush mounted. All components of one
module shall be mounted on the same module on a rigid sheet steel chassis. A 20 mm
dia. rotating knob on the door shall be provided for closing and opening.

Bus Bars and Connections

The bus-bar shall be suitable for the supply system as indicated in the Design
Philosophy-Electrical. The bus-bar and connections shall be made of electrolytic copper
or high conductivity aluminium alloy conforming to Grade E91E of IS: 5082.

The bus-bar shall be amply sized to carry the rated continuous current under the
specified ambient temperature without exceeding the temperature of 90°C. The bus-
bars shall also be designed to withstand the system fault current for 1 second without
exceeding the temperature of 200°C for bare aluminium and 250°C for bare copper. The
minimum acceptable size of bus-bars shall be 250 sq. mm (Al). Calculation for the bus-
bar sizing shall be furnished along with the offer.

In case of double front arrangement of distribution boards, different sets of vertical bus-
bars shall be provided. The vertical bus-bars shall be PVC sleeved or shrouded by
insulating barriers which shall have cut-outs to permit entry of power wires. It shall be
possible to remove the shroud for inspection and maintenance. Neutral-bars shall be
provided in this chamber.

Horizontal bus-bars shall be of same cross-section through out. Stepped bus-bars shall
not be acceptable.

All bus-bars shall be arranged and colours coded according to I1S: 5578/11353.

The horizontal bus-bar shall run in a separate bus chamber located at the top shall have
separate screwed cover for inspection purpose.

The bus-bars shall be rigidly supported at equal intervals to withstand maximum short
circuit stresses. The supports shall be of moulded construction with built in anti tracking
barriers. The support material shall be of fibre glass reinforced thermosetting plastic.

All joints shall be suitably treated to avoid oxidation of contact surfaces and bimetallic
corrosion. A minimum of two bolts with spring washers shall be used for horizontal bus-
bar joints.

Horizontal bus bars shall be insulated with heat shrinkable PVC sleeves of reputed
makes. Insulating shrouds shall be provided for all joints of insulated bus-bars.
Clearance and Creepage Distances
The clearance and creepage distances shall not be lower than the values specified
below :

i) Minimum clearance between two live conductors -- 20 mm

i)  Minimum clearance between live part and accidentally -- 20 mm
dangerous part

iii)  Minimum creepage distance -- 28 mm

The clearances and the creepage, as specified above, shall definitely be maintained in
the bus-bar system. Provision of bus-bar insulations, separator or barriers shall not be
considered to reduce the clearance from the values specified above.
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At the termination points in the equipment, e.g. switches, contactors, thermal relays, etc.
it is realized that above clearance shall not always be possible to be maintained. All
such points where above clearance are not possible to be maintained shall, therefore,
be insulated or taped.

Insulation

The insulation used shall be non-hygroscopic and shall be of porcelain, Epoxy- resins or
fibre glass moulded with plastic. It shall be of adequate electrical and mechanical
strength to give trouble free service during normal operation and short circuit conditions.

The insulation shall be treated suitably to withstand the tropical conditions and
atmospheric pollution.

Power Wiring

The connections from bus-bar including neutral to individual units on the modules shall
consist of PVC insulated flexible copper cable or tapped copper strip.

The power wiring size shall be decided based on the rating of the switch, after using a
rating factor of not more than 50% over the current rating in free air. In any case the
minimum size of power wiring shall not be less than 4 sq. mm copper.

The size of connection from incomer to horizontal bus-bar and from horizontal bus-bar
to bus coupler shall not be less than the size adopted for horizontal bus-bar.

Control Wiring

The switch board shall be completely factory wired and ready for external connections.

The wiring shall be carried out with flexible stranded PVC insulated copper conductor
cables of 1100 Volt grade. The size of wires shall be as follows:

C.T. Circuit - 2.5sg.mm
V.T. and Control Circuits - 1.5sg.mm

All wiring shall be provided with dependent both end marking as per IS: 5578.
Numbered ferrules, reading from the terminals outwards, shall be provided at both ends
of all wiring for easy identification. These shall be interlocking type plastic ferrules.

Control wiring circuits, fed from a supply common to a number of feeders, shall be so
protected that failure of a circuit in one feeder does not affect the operation of the other
feeders.

The wiring to the equipment mounted on the doors shall be carried out with flexible multi
strand copper conductor cable and supported so that opening of the door, there is no
undue strain on wire leads.

The control cables shall be neatly arranged and properly supported.
External Cable Termination
All power and control cables shall enter the distribution board from the bottom. Sufficient

space shall be provided for ease of connection and termination of cables.

All cables shall be of 1.1 KV grade PVC insulated armoured and PVC sheathed except
for single core cable which shall be unarmoured. The number and sizes of cable shall
be as indicated in Feeder details.
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Compression type cable glands along with the cable lugs as required shall be provided
for termination of cables.

The cable glands shall be of rolled Aluminium or Nickel plated brass heavy duty double
compression type and shall be mounted on a removable gland plate, provided at a
minimum height of 75 mm from the bottom of the distribution board. Two numbers spare
knockouts of size 20 mm shall also be provided on the gland plates for future use.

For all power cables crimped type aluminium lugs for aluminium cables and tinned
copper lugs for copper cables shall be provided.

The terminal blocks shall be pressure clamp type up to 35 sq. mm cable and bolted lug
type for higher sizes of cables. These shall be protected type and rated for 1100 Volts
service. The minimum current rating of terminal block shall be 16 Amp. The construction
shall be such that after the connection of cables by means of lugs, necessary clearance
and creepage distance are available.

Where more than two cables in parallel are required to be terminated, a system of bus
links shall be provided with adequate clearance and spacing.

Suitable clamps to support the vertical run of cables shall be provided.

The terminal block shall be grouped according to circuit functions and suitably
numbered. 20% extra terminals shall be provided in the terminal block.

For power connections, suitable marking on the terminals shall be provided to identify
the phases.

Feeder Details

The requirements of incomer, bus coupler and outgoing feeders shall be as indicated in
the single line diagram, feeder details and corresponding schematic diagram.

The bus coupler shall be so located that it is possible to maintain half of the bus-bars
while the other half is still alive. Complete segregation of bus-bar connections to bus
coupler shall be provided.

Castle key type mechanical interlocks shall be provided between incomers and bus
section modules to avoid paralleling of incomers. In addition padlocking facilities shall
be provided in OFF position.

Single phase loads shall be distributed as far as possible on all the three phases.
COMPONENT DETAILS

The make of the components shall be as specified elsewhere in the NIT and shall
conform to type of co-ordination C as per IS: 13947.

Moulded Case Circuit Breakers

The circuit breaker shall conform to IS: 13947 (Part 2) and shall be of P2 category
having rupturing capacity as specified.

The circuit breaker shall be provided with spring assisted quick make quick break type
manually operated trip free mechanism, mechanical ON/OFF position indicators,
thermal tripping devices of inverse characteristics, instantaneous short circuit tripping
devices and necessary auxiliary and alarm switches. The MCCB cubicle shall be
provided with service, test and isolated position and automatic safety shutter.

The thermal and short circuit tripping device shall be adjustable type.
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6.24 When used for motor circuit shunt trip devices shall be provided and the let through
power of controlling MCCB shall be lower than the respective contactor.
6.2.5 In addition, under voltage trip shall be provided, if specified.
6.3 Switches

6.3.1 The switches shall be Motor duty type AC23 category and shall comply with the
requirements laid down in IS: 13947 (Part 3). Switches up to 63 Amps shall be rotary
type and those of 100 Amp and above shall be link type.

6.3.2 ‘ON’ and ‘OFF’ positions of the switches shall be indicated on the panel. Provision shall
be made to lock the switch in the ‘OFF’ position.

6.3.3 The fixed contacts shall be shrouded and the contacts shall be silver plated.

6.3.4 Two Pole switches shall also isolate the neutral circuit along with phase circuit.

4 Pole / 2 Pole switches shall be used for 3 Phase/1 Phase circuits respectively.

6.4 Fuses

The fuses shall be of non-deteriorating HRC cartridge link type and conform to IS:
13703. They shall be suitable for the load and the service required in the circuit.

6.5 Air Break Contactors

6.5.1 The Air Break Contactor shall be of AC3 category unless otherwise specified,
conforming to IS: 13947 (Part-4) and flapper type. Gravity operated contactors are not
acceptable.

6.5.2 The dropout voltage shall not exceed 65% of rated voltage.

6.5.3 Each contactor shall be provided with auxiliary contacts as required. The rating of the

auxiliary contacts shall be 5 Amps. AC or 1 Amp DC at the specified control voltages.
The spare auxiliary contacts shall also be wired terminal block.

6.6 Bimetal Thermal Overload Relays

6.6.1 The contactor shall be provided with three pole bimetal thermal overload relays unless
otherwise specified. The bimetal relays shall be of suitable range, ambient temperature
compensated and shall be separate mounting type. They shall be adjustable through
graduated scale and shall be provided with changeover contact.

6.6.2 Bimetal relays shall conform to IS: 3231 and shall have built in single phasing preventor.

6.6.3 The bimetal relays shall be provided with a manual reset device resetable after opening
the cubicle door. Auto reset thermal relays are not acceptable.

6.7 Current Transformers

6.7.1 The current transformers shall conform to IS: 2705.

6.7.2 Current Transformers shall be Class-F insulated and vacuum impregnated. The Current
Transformers shall be rigidly mounted and shall be easily accessible for maintenance
and testing.

6.7.3 The Current Transformers shall be of 7.5 VA output. The output shall be adequate for
the instrument and metering duties involved with sufficient margin. The Current
Transformers shall have the accuracy Class-1 for the metering duty.
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All the Current Transformers shall be provided with terminals and shorting links. One of
the terminals of C.T. shall be earthed. The polarity of the C.T. shall be clearly marked.

The C.T.s shall be capable of withstanding momentary open-circuit on the secondary
side without injurious effects.

Instruments and Meters

All instruments shall be flush mounting type with square face and shall be tropicalized
and dust tight.

The size of the instruments shall be 96 mm x 96 mm for full and half size modules and
72 mm x 72 mm for lower size modules.

Dials shall be parallax free with scale marked in black on white background and shall be
suitable for direct reading.

Zero adjusters shall be provided for operation from the front of the cases.

All ammeters and voltmeters shall have 0 - 240° scale moving iron spring controlled
type and of Class 1.5 accuracy as per IS: 1248. The scale range of the ammeter and
voltmeter shall be as indicated in the feeder details.

In case of motor feeders, the ammeter shall be graduated uniformly upto C.T. primary
current and with a compressed end scale upto 6 times the C.T. primary current. Red
pointer shall be provided, which can be adjusted at site for indicating full load current.

KWH meter shall be 3 phase 4 wire type. These shall conform to the requirements of
relevant IS and shall be C.T. operated. The current coil shall be rated for 5 Amp.

All kWh meters shall be provided with test blocks for current and voltage coils for testing
them at site without interrupting their recording while in service.

Push Button and Control Switches

The switches and push buttons shall conform to utilization category AC 11/DC 11 as per
IS: 13947 (Part-5). The contact shall be rated to make, break and carry inductive current
of 5 Amp. at 415V AC and 1 Amp at 220 V DC.

The control switches shall be spring return rotary type unless otherwise specified and
provided with pistol grip type handle. The control switches for circuit breakers shall be
additionally fitted with lost motion devices and sequencing devices.

The selector switches shall be stay-put rotary type and provided with oval shape
handles.

The push buttons shall be of momentary contact spring loaded type with a set of
normally close and open contacts. The push button for ‘Start’ shall be shrouded type
and coloured green, stop push button shall be un-shrouded type and coloured red and
other push buttons shall be un-shrouded type coloured black. The fixing ring shall be
metallic white.

Emergency stop push buttons, if specified, shall be lockable in pushed position.
Miniature Circuit Breakers

The miniature circuit breakers shall conform to IS: 13032 and shall be of duty category
M-9.

It shall be provided with overload and short circuit protective devices in a heat resistant
housing.
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6.10.3 A certificate of short circuit rating and current time tripping curve shall be furnished
alongwith the offer.

6.11 Signal Lamps

6.11.1 Signal lamps shall be provided to indicate the various circuit conditions as shown in
scheme drawings. The colour of the lamps for various functions shall be as follows:

Red -- Switch/Contactor closed.
Green -- Switch/Contactor open.

6.11.2 The lamps shall be LED type having lumen output 200 milli candela in axial direction.

6.11.3 It shall be possible to remove the globe from outside for replacement of lamps.
7.0 ACCESSORIES
7.1 The supplier shall include the following accessories.

-- Fuse Puller.

-- Test plug for kWh meters.
7.2 Space Heater

Each vertical section shall be provided with a thermostatically controlled space heater,
rated for 240 V, 50 Hz and controlled through double pole miniature circuit breaker.

7.3 Name Plates

7.3.1 The distribution board shall have large name plate on the top to indicate its name and
designation.

7.3.2 Each feeder shall be provided with name plate. Each single front panel shall have name
plate both in front and back.

7.3.3 All control switches, push buttons, lamps etc. shall have functional identification labels.

7.3.4 Name plate shall be of black perspex with white engraving and of minimum 3 mm thick.

7.3.5 Any other accessories required, but not specified shall also be supplied to make the

distribution board complete in all respects to ensure safe and proper operation.

8.0 PAINTING

8.1 The enclosure after degreasing, pickling in acid, cold rinsing phosphatising, passivating
etc. shall be painted with two coats of anti-rust paint followed by two coats of
anticorrosive paint.

8.2 Epoxy based paint shall be used.

8.3 All paints shall be carefully selected to withstand tropical heat and extremes of weather.
The paint shall not scale off, crinkle or be removed by abrasion due to normal handling.

8.4 Unless otherwise specified, the finishing shade shall be light grey Shade No.631 as per
IS: 5.
8.5 One litre of paint shall be supplied along with each board for touch up at site.
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12.2

12.3

TESTS AND INSPECTION
The distribution boards shall be subjected to routine test as per IS: 8623.
Additional tests, wherever specified, shall be carried out.

All the above tests shall be carried out in presence of purchaser’s representative. In
addition, the equipment shall be subjected to stage inspection during process of
manufacture at works and site inspection.

These inspections shall however, not absolve the vendor from his responsibility for
making good any defect which shall be noticed subsequently.

DRAWINGS AND DOCUMENTS

Drawings and documents as per Annexure-l shall be supplied unless otherwise
specified.

All drawings and documents shall have the following description written boldly:

- Name of client

- Name of consultant

- Enquiry / Order Number with plant / project name
- Code No. and Description

SPARES

Spares for operation and maintenance

Item wise unit prices of spare parts with recommended quantity shall be quoted along
with the equipments as listed in the Annexure-Il.

Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.

Any other spare parts not specified, but required, shall also be quoted along with the
offer.

All spare parts shall be identical to the parts used in the equipments.
PACKING

The distribution board shall be properly packed before despatch to avoid damage during
transport, storage and handling.

The packing box shall contain a copy of the installation, operation and maintenance
manual.

A sign to indicate the upright position of the panels to be placed during transport and
storage shall be clearly marked. Also proper arrangement shall be provided to handle
the equipment.
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13.0 DEVIATIONS
13.1 Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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DOCUMENTATION FOR SHEET STEEL DISTRIBUTION BOARDS

Documents Required (Y / N)
SI-No. Documents With Bid For Approval Final
1. Specification Sheet, duly completed Y Y Y
2. Technical Particulars, duly filled-in Y Y Y
3. Feeder Details Y Y Y
4, General Arrangement and Foundation Y Y Y
Drawings
5. Schematic Diagrams with Terminal N Y Y
arrangement drawings
6. Calculation for Bus-bar sizing Y Y N
7. Illustrative and Descriptive literature Y N Y
8. Catalogues for bought out accessories Y N Y
9. Installation, Operation and Maintenance N N Y
Manual
10. Test Certificates
-- Type (for MCCB & MCB) Y N N
-- Routine N N Y
11. Guarantee Certificates N N Y
12. Spare Parts List Y N Y
Note:

1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from
the date of LOI.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic
coated folder.

Y -Yes, N -No
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ANNEXURE - I

LIST OF SPARES
The following spare parts shall be quoted along with the offer.

A MOULDED CASE CIRCUIT BREAKER (OF EACH RATING)

i)
i)

Complete Breaker Assembly
Complete Breaker Assembly.

B SWITCHES (OF EACH RATING)

i)
i)
ii)

Assembled switch in open execution
Single pole moving blade assembly
Single pole base assembly

C FUSES (OF EACH RATING)

i)
i)
ii)

Assembled switch in open execution
Single pole moving blade assembly
Single pole base assembly

D CONTROL SWITCHES

i)
ii)
iii)
iv)
v)
vi)
vii)
viii)
iX)

Trip-Neutral-Close Control Switch
Local-Remote Selector Switch
Heater Switch

Thermostat

Ammeter Selector Switch
Voltmeter Selector Switch

Push Button

Push Button Element

Push Button Actuator of each type

E CONTACTOR (OF EACH RATING)

i)
i)
ii)

Contactor with Auxiliary Contacts
Operating Caoll
Auxiliary Contact Block

F INDICATING LAMPS

i)
i)
ii)

Indicating lamps globes of each colour
Indicating lamp fittings
Indicating lamp bulbs

G METERS

i)
i)

Ammeter
Voltmeter

H PROTECTIVE RELAYS

i)
i)

NOTE: 1. All spare parts shall be identical to the parts used in the distribution boards.

Relays
Thermal overload relay of each type
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1.0 SCOPE
1.1 This standard covers the technical requirements of design, manufacture, testing at

works and delivery in well packed condition of lighting sub distribution boards.
2.0 STANDARDS TO BE FOLLOWED
2.1 The design, manufacture and testing of the equipment covered by this standard shall

comply with the latest issue of the following Indian Standards. Equipment complying
with equivalent IEC standards shall also be acceptable

IS: 13947 - Low voltage switchgear and control gear
IS: 8623 - Specification for low voltage switchgear and control gear
assemblies
2.2 The design and operational features of the equipment offered shall also comply with the

provisions of latest issue of the Indian Electricity Rules and other relevant statutory acts
and regulations. The supplier shall, wherever necessary, make suitable modification in
the equipment to comply with the above.

2.3 Wherever any requirement, laid down in this standard, differs from that in Indian
Standard Specifications, the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS
3.1 Ambient Conditions

These shall be as indicated in Design Philosophy-Electrical.
3.2 System Details

These shall be as indicated in Design Philosophy-Electrical.
4.0 OPERATING REQUIREMENTS

The lighting sub-distribution boards shall be suitable for operating continuously under
the ambient conditions and with the voltage and frequency variations indicated in
Design Philosophy-Electrical, without exceeding the specified temperature rise and
without any detrimental effect on any part.

5.0 GENERAL DESIGN AND CONSTRUCTIONAL FEATURES

5.1 The lighting sub distribution boards shall be fabricated out of 2.5 mm thick cold rolled
sheet steel and shall be suitable for mounting on wall/structure. These shall have dust
and vermin proof construction conforming to IP-54 as per IS: 13947. For outdoor
installation, the enclosure shall conform to IPW-55, suitable canopy made out of 2 mm
thick Aluminium sheet shall be supplied along with the board.

5.2 The miniature circuit breakers shall be so mounted inside the enclosure that their
operating knobs project outside for easy operation. The cut-out for the knobs on the
enclosure shall be lined with gasket for dust proofness. For further protection against
ingress of dust, the portion where the knobs have protruded out, shall be provided with
another external front cover, internally hinged at the top, gravity operated and with a
knurled knob at the bottom. The external cover shall be flushed with the main cover.
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Continuous neoprene gasket shall be provided to make the board completely dust and
weather proof.

All external hard ware of diameter less than 8 mm shall be of stainless steel and those
of diameter 8 mm and above shall be of mild steel zinc passivated.

The sub-distribution boards to be located indoors shall have top entry arrangement for
outgoing cables and bottom entry for incoming cable. However for outdoor locations, all
cable entries shall be from the bottom only.

Three phase and neutral bus bar system of adequate size shall be provided to which all
outgoing and incoming MCB’s shall be connected.

The internal wiring shall be carried out by means of single core PVC insulated 2.5 sq.
mm stranded copper conductor cables.

Two earthing terminals outside the board shall be provided.

Suitable label inscription consisting of black perspex with engraving for the board and
circuit nos. of all outgoing feeders shall be provided. The label inscription of the board
shall contain description and code no.. The circuit nos. of outgoing feeders shall be
serially indicated as 1L, 2L......... 17L, 18L.

The board shall be complete with terminal block, cable glands, cable lugs and other
accessories as specified.

SPECIAL FEATURES FOR FLAME PROOF LIGHTING SUB DISTRIBUTION
BOARDS

The enclosure shall be in addition of flame proof execution as per IS: 2148.

The enclosure group and temperature class shall be as indicated in Design Philosophy.
The enclosure shall be of cast iron/cast Aluminium alloy (4600 as per IS: 617).

Cables shall enter the terminal chamber through flame proof compression type cable
glands. From terminal chamber to the main enclosure connection shall be made through
bushings. Direct entry of external cables into the main enclosure shall not be accepted.

The sub-distribution board shall be of 6 way type.

Individual earth terminals shall be provided for the earth conductor of the outgoing
cables beside the phase and neutral terminals.

The sub-distribution board must be certified by Central Mining Research Institute,
Dhanbad or other statutory authority for use in specified hazardous area.

COMPONENT DETAILS

The lighting sub-distribution board shall be wired and have components as per SD-8083
(copy attached).
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Miniature Circuit Breaker (MCB)

The MCB shall be of duty category M-9 and shall conform to 1S-8828. It shall be
provided with overload and short circuit protective devices.

The incoming MCB’s or switches shall be of triple pole and switched neutral type and
outgoing MCB’s of single pole and switched neutral type, single phase earth leakage
protection in each phase of the incomer shall be provided.

Terminal Block

Pressure clamp type terminal blocks shall be provided both for incoming and outgoing
cables. The rating of the terminal block shall be at least 1.5 times the rating of the MCB.

Cable Glands

Heavy duty double compression type Aluminium cable glands suitable for XLPE
insulated, armoured and PVC sheathed 1.1 KV grade incoming and outgoing cables
shall be provided.

PAINTING

The enclosure after suitable pre-treatment shall be painted with two coats of anti rust
paint followed by two coats or anticorrosive paint.

Epoxy based paint shall be used.

All paints shall be carefully selected to withstand tropical heat and extremes of weather.
The paint shall not scale off, crinkle or be removed by abrasion due to normal handling.

The finishing shade shall be light grey shade no.631 as per IS: 5.
TESTS AND INSPECTION

All the lighting sub-distribution boards shall be subjected to routine tests as per IS:
8623.

Additional tests, wherever specified, shall be carried out on one lighting sub-distribution
board of each type.

The above mentioned tests shall be carried out in the manufacturer's works in the
presence of purchaser’s representative. In addition, the equipment shall be subjected to
stage inspection at works and inspection at site for final acceptance.

The purchaser's inspection shall, however, not absolve the vendor from his
responsibility for making good any defects which may be noticed subsequently.

DRAWINGS AND DOCUMENTS

Drawings and documents as per Annexure-l shall be supplied, unless otherwise
specified.

All drawings and documents shall have the following description written boldly.
- Name of client

- Name of consultant
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- Enquiry / Order Number with plant / project name

- Code No. and Description
11.0 SPARES

11.1 Spares for operation and maintenance

Item wise unit prices for the following items, along with recommended quantity for the
period, shall be quoted along with the main equipment.

i) MCB

i) Terminal blocks

iii) Terminal bushings
11.2 Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.

11.3 Any other spare parts not specified, but required, shall also be quoted along with the
offer.

11.4 All spare parts shall be identical to the parts used in the equipment.

12.0 PACKING

12.1 The equipment shall be properly packed to safeguard against weather conditions and

handling during transit. It shall be wrapped in polythene bags and an additional
wrapping of bitumen paper shall also be provided to make it completely water proof
before the equipment is packed in wooden crates.

12.2 The packing box shall contain a copy of the installation, operation and maintenance
manual.

13.0 DEVIATIONS

13.1 Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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ANNEXURE - |
DOCUMENTATION FOR LIGHTING SUB DISTRIBUTION BOARDS
SL Documents Required (Y / N)
NO. Description With Bid For Approval Final
1. | Specification Sheet, duly completed Y Y Y
2. Technical particulars, duly filled-in Y Y Y
3. General arrangement Drgs. Y Y Y
4. Certificate for flameproofness from Y N Y
statutory testing authority wherever
applicable
5. Schematic diagram N Y Y
6. Descriptive literature of Various equipment Y N Y
7. Guarantee certificate N N Y
8. Test certificate N N Y
Note:

1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from
the date of LOI.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic
coated folder.

Y - Yes, N - No
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1.0 SCOPE

1.1 This standard covers the technical requirements of design, manufacture, testing at
works and delivery in well-packed condition of medium voltage and high voltage
induction motors.

2.0 STANDARDS TO BE FOLLOWED

2.1 The design, manufacture and testing of the equipment covered by this standard shall
comply with the latest issue of 1S-325 and other relevant Indian Standards, unless
otherwise specified. Equipment complying with equivalent IEC standards shall also be
acceptable.

2.2 The design and operational features of the equipment offered shall also comply with the
provisions of latest issue of the Indian Electricity Rules and other relevant Statutory
Rules & Regulations. The supplier shall, whenever necessary, make suitable
modification in the equipment to comply with the above mentioned rules.

2.3 Flame proof motors shall, in addition, comply with the requirements laid down in IS:
2148.

24 Increased safety motors shall, in addition, comply with the requirements laid down in IS:
6381.

2.5 Motors with type of protection “n” shall, in addition, comply with the requirements laid
down in IS: 9628.

2.6 Wherever any requirement laid down in this standard differs from that in Indian
Standard Specifications, the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS

3.1 Ambient Conditions
The ambient conditions shall be as indicated in the Design Philosophy-Electrical.

3.2 System Details

3.2.1 The details of power system to which the motors will be connected shall be as indicated
in the Design Philosophy-Electrical.

3.2.2 The motors shall be suitable for connection to a power system where transient
disturbances are very likely to occur. During the transient disturbances, voltage of the
system may completely disappear and return in a short time with the motors still running
and connected. Under this condition, the return of voltage may occur at such an instant
that the induced e.m.f. in the motor is in phase with the applied voltage giving rise to
current surges which may reach a value equal to 1.6 times the starting current and also
cause transient torques of large magnitudes.

4.0 GENERAL DESIGN FEATURES

4.1 Enclosure

4.1.1 The enclosure of motors for indoor and outdoor services shall be IP-54 and IPW-55

respectively as per IS: 4691, unless otherwise specified.
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413

41.5

4.2

4.2.1

422

423

424

4.2.5

4.2.6

4.2.7

4.3

4.3.1

43.2

4.4

441

Motors for outdoor service shall be provided with special seals for the enclosure, joints,
bearing housing, terminal boxes etc. so that no extra protective covering for ingress of
water shall be required.

Vertical motors for outdoor installation shall be provided with a rain protective hood.

All external hardwares shall be zinc passivated.

The enclosure shall be provided with threaded metallic plug to permit drainage of
condensed water from the inside.

Cooling

All motors shall be totally enclosed fan cooled conforming to 1C-0141 as per IS: 6362
unless otherwise specified.

In case of CACA construction, the same shall conform to IC-0161 as per IS: 6362.
In case of CACW construction, the same shall conform to ICW 37A 91 as per IS: 6362.

Wherever service conditions are such that corrosive agents are present in the
surroundings, the following materials of construction for cooling tubes shall be adopted,
unless otherwise specified.

For CACA motor - Aluminium tubes having minimum thickness of 1.6 mm

For CACW motor - Low carbon alloy steel

In case of CACW motors, the cooling tubes and flanges shall also be suitable for the
cooling water analysis. Trays shall be provided for collection of leaking water with
arrangement for its drainage.

The cooling fans shall be suitable for bidirectional rotation of motors. These shall be
fastened to the motor shaft by means of compensating rings or will be balanced
independent of the motor. Guide key or reference points shall be supplied to prevent
wrong assembly. The cooling air shall be sucked from the non-driving end.

The cooling fans shall be made of non-sparking materials such as cast Aluminium (LM-
6 alloy) / cast iron.

Direction of Rotation

Motors shall be suitable for both directions of rotation. In case of any design limitation,
the same shall be indicated in the offer.

In either case, a plate showing the direction of rotation corresponding to the phase
terminal markings shall be fitted at the driving end shield of the motors.

Stator
The stator laminations shall be made from suitable magnetic sheet iron varnished on

both sides. Where ventilation is required, these shall be arranged in suitable packs,
each pack being separated by spacers to form ventilating ducts for circulation of air.
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442

4.5

4.5.1

452

453

454

45.5

4.6

4.6.1

46.2

46.3

46.4

4.6.5

4.6.6

46.7

4.6.8

The slot shall be open type with coils so arranged that the coils can be easily removed
for inspection and repair.

Rotor
The rotor shall be of squirrel cage construction, unless otherwise specified.

For small motors, the squirrel cage shall preferably be of pressure die-cast
construction. For large motors, the rotor bars and the end rings shall be of copper or
copper alloy. The bars shall be firmly placed in slots to prevent vibration during start up
/ locked rotor condition. Conductor ends shall be securely fixed to the end rings using
the latest brazing techniques. Retaining rings shall be provided for high speed
machines for the end rings. The rotor cage shall be designed for the required starting
and duty cycles.

Wherever wound rotor is specified, the windings shall have the same features as
detailed for the stator windings. The rotor voltage shall not exceed the stator voltage.

The rotor shall be dynamically balanced and shall rotate perfectly with no preferential
stop points. The rotor shall be constructed such as to allow the removal or addition of
material for balancing.

The rotor shaft shall be electrically and magnetically so balanced that the induced shaft
voltage does not exceed 200 millivolt. Otherwise the bearing housing at non-driving end
shall be insulated for 2 KV.

Windings and Insulation

The motor coils shall be made out of insulated electrolytic grade copper conductor.
Successive coils shall be connected by accessible joints, well brazed and finished
smooth to prevent damage to insulation.

The motors shall be insulated assuming the power system neutral as isolated.

All motors shall be insulated with class B or F insulation with tropical and fungicidal
treatments.

Wherever class F insulation is specified, the windings shall be easily replaceable type
and the temperature rise shall not exceed that of class B insulation.

The winding coils shall be dried, properly impregnated with suitable varnishes to
withstand the site conditions and properly baked. At least two additional impregnations
and baking shall be applied to the assembled stator coil, making a total of three
impregnations and baking. Finally the windings shall be painted with special anti-acid
and anti-alkali paints to withstand the site conditions.

The windings shall be well brazed and capable of withstanding thermally and
mechanically the transient disturbances specified under clause 3.2.2.

Lead-in wire between the windings and the outside terminals shall be made through
bushings in H.V. motors. For M.V. motors, heat resistant insulated conductors shall be
used as lead-in wire.

The windings shall be star connected for high voltage motors and delta connected for
medium voltage motors.
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4.7

4.71

4.7.2

4.7.3

4.8

4.8.1

4.8.2

4.8.3

48.4

4.8.5

4.8.6

4.8.7

4.8.8

4.8.9

4.8.10

4.9

4.9.1

Slip Rings and Brushes

Slip rings shall be located in the non-driving side. The material of construction shall be
copper alloy. The slip rings and the brush gear shall be cooled by the motor cooling fan.

For explosion proof motors, the slip rings and brush gear shall be housed in a
flameproof housing. In case this is not possible, the housing shall be pressurised type
with flameproof pressure switch for interlocking with the motor. In either case, glass
covers shall be provided for inspection.

The starting rheostats shall be designed for intermittent duty and rated for 10 minutes.
Where speed regulation is required, the rheostats and the controllers shall be suitable
for such duty and be continuously rated. Auxiliary contacts shall be provided on the
controllers for connections to the motor supply controls to prevent wrong operations
during starting.

Bearings

All motors shall be provided with bearings suitable for the application. The bearings
must be guaranteed to ensure a smooth operation and a life not shorter than 30,000
hrs.

Where external thrusts are specified, the motors shall be fitted with special roller thrust
bearings capable of withstanding the specified thrust. In such cases, the guaranteed life
of the bearings shall not be less than 20,000 hours.

The bearing housing shall be effectively sealed against ingress of dust and water and
creep age of lubricants along the shaft.

The bearing shall be suitable for both directions of rotation of the motor.

All motors shall be provided with on-line grease lubrication arrangement for both DE
and NDE side bearings except for motors of frame size 112 and less and flange
mounted M.V. motors. The arrangement shall be complete with grease nipple and drain
plug located at convenient locations.

All oil lubricated bearings shall be fitted with oil level indicator and resistance
temperature detector/dial type thermometer with alarm and trip contacts.

Self cooled bearing system shall be preferred.

The manufacturer shall specify the type of lubricant and the time interval of lubrication
for the bearings of each motor.

The bearing temperature shall not exceed 90°C for grease lubricated bearings and
70°C for oil lubricated bearings.

Wherever shaft end-play has been specified, the bearings shall be capable of providing
the specified end-play.

Terminal Box

All the terminal boxes shall have identical degree of protection as that of the motor.
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49.2

493

494

4.9.5

4.9.6

497

4.9.8

4.9.9

4.9.10

4.9.11

4.9.12

4.10

The power terminal box shall be mounted on the right hand side of the motor as viewed
from the coupling end. For M.V. Motors, design of terminal boxes shall be such that it
may be possible to arrange top/bottom/side entry of cables at site.

The power terminal boxes shall be as follows:

a) For H.V. motors - Phase segregated type capable of with standing the system fault
level for 0.2 Sec. or more.

b) For M.V. motors - Manufacturer's standard box with epoxy or SRBF moulded
terminal board.

The mounting arrangement of power and neutral side terminal boxes for HV motors
shall be identical so that it shall be possible to interchange the boxes at site.

In case of H.V. motors, all the six leads of the motors shall be taken out, three on one
side and three on the other side to separate terminal boxes. However, neutral shorting
link shall be provided on the neutral box for star connection.

In case of M.V. motors, all the six leads of the motors shall be taken out to a common
terminal box. Shorting links for delta connections shall be provided in the terminal box
for motors 112 frame and above.

For increased safety motors and for motors with type of protection “n”, the terminals
shall be provided with positive locking device so that they do not become loose during
normal operation.

The power terminal boxes shall have adequate clearances in between the terminals
and also between the terminals and cable gland for proper termination of cables. Where
more than one cable is required to be terminated in parallel, the spacing in the box shall
be adequate for easy termination.

Separate terminal boxes shall be provided for connection of power, control and space
heater cables.

All terminal boxes shall be complete with heavy duty double compression type cable
glands and lugs/connectors to receive the external cables.

Where cross linked polyethylene cables are specified, the terminal box shall be suitably
designed for proper termination of such cables.

The cable lugs shall be of tinned copper and suitable for crimping.
Geared Motors

Where geared motors are specified, the gears shall be oil lubricated, heavy duty as per
AGMA class Ill and capable of transmitting the rated motor power continuously. They
shall be capable of withstanding moderate shock loads having a service factor of 2 and
the starting duties. They shall be silent and smooth in operation. Inspection glass shall
be provided to indicate the oil level in the gear box.
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5.0 PERFORMANCE

5.1 Starting

51.1 The motors shall be capable of being started direct-on-line, unless otherwise specified.

51.2 The starting torque of each motor shall be higher than the initial resisting torque of the
driven load through out the starting period even at a feeding voltage of 85% of the rated
voltage for normal purpose motor and 80% of the rated voltage for special purpose
motor.

51.3 The starting current shall not be greater than 6 times the rated current when the motors
are started at full voltage including tolerances, unless otherwise specified.

514 The motors shall be suitable for the following starting cycle:

a) With the motor at ambient temperature - 2 successive starts and 3rd start after 5
minutes.

b)  With the motor at steady state load temperature - 1 immediate start and 2nd start
after 5 minutes. This sequence shall be repeated in the next hour.

515 Speed switch shall be provided, wherever required, to fulfil the starting conditions.

5.2 Locked Rotor Condition

5.2.1 The locked rotor withstand time (tg), under hot condition at 110% of rated voltage shall
be more than the starting time of the motor coupled to the load even at the lowest
stipulated starting voltage by 2 secs. for motors, having starting time up to 10 secs. and
by 5 secs. for motors, having starting time more than 10 secs.

5.2.2 For increased safety motors, te under hot condition shall not be less than 10 secs. The
value of tg shall be determined in the presence of purchaser’s representative unless
test certificate from an independent testing authority is submitted for similar motors. The
time te and the locked rotor current shall be stamped on the name plate as well as
indicated in the test certificates.

5.2.3 For deciding the time tg in all cases, the temperature of the insulated stator and rotor
shall not exceed the value stipulated under clause no. 5.4.3.

5.3 Running

5.3.1 All motors shall be continuous maximum rated (S1 duty as per IS: 325), unless
otherwise specified.

53.2 The motors shall be capable of delivering the rated output without exceeding the
specified temperature rise under the system voltage and frequency variation conditions
as specified in the Design Philosophy-Electrical.

5.3.3 The motors shall be suitable for running at the rated load for 5 minutes duration at 80%

voltage and for 1 Sec. duration at 70% voltage, without exceeding the specified
temperature rise.
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5.4

5.4.1

5.4.2

54.3

6.0

6.1

6.2

6.3

6.4

6.5

6.6

Temperature Rise

The total temperature of the stator winding under full load running condition shall not
exceed the values permissible for the specified insulation class. For increased safety
motors, the total temperature shall be 10°C less than for normal motors.

For explosion proof motors, the maximum surface temperature shall not exceed the
values applicable for temperature class of the hazardous gases / vapours present in the
surrounding area. However for type ‘n’ motors, the maximum allowable temperature
shall not exceed 200°C.

In case of starting and locked rotor conditions stipulated under clause nos. 5.1.4 and
5.2.1 respectively, the maximum temperature in the rotor shall not exceed the following
values:

For squirrel cage rotor - 300°C
For wound rotor - As applicable to the insulation class
For explosion proof motor - As per temperature class of the hazardous

gases / vapours, without exceeding the above
temperature as applicable
COUPLING DETAILS

Unless otherwise specified, all motors shall be coupled to the driven equipment through
flexible coupling.

Normally the coupling half for the motor shaft shall be supplied by the driven equipment
supplier. The coupling half shall be keyed on the shaft with a tapered joint or shrunk
with a straight joint. For this purpose, the motor manufacturer shall coordinate all details
of the coupling system with the driven equipment manufacturer, wherever required.

Where rigid coupling is specified, the motor shaft shall have the desired class of
accuracy.

For all vertical flange mounted motors, the limitations on shaft extension, run out,
perpendicularity and eccentricity, as required by the driven machine supplier shall be
complied with by the motor supplier.

i) If the motor is to be coupled to a reciprocating pump or compressor requiring
fluctuating torque, the motor supplier shall ensure that the inertia of the driving
and driven machine assembly shall be such that the variation in the armature
current shall not exceed +66% of the rated current while delivering full load.

i) The measurement of armature current shall be done with the oscillograph.

iii) The additional fly wheel, if any, shall be assembled at such a distance from the
motor so as to allow easy inspection of the windings.

iv) All necessary coordination with driven equipment manufacturer shall be carried
out by the motor manufacturer.

i) Wherever belt drive is specified, the motor supplier shall ensure that the shaft
extension and the bearings are suitable for the duty specified.

i) Unless otherwise specified, the slide rails for all belt driven motors shall be
supplied by the motor manufacturer.
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7.0 ACCESSORIES

The motors shall be complete with the accessories.
71 Space Heaters

711 Space heaters rated for 240 V A.C. shall be provided to keep the winding dry for all
high and medium voltage motors, except for motors rated below 30 KW which shall be
suitable for space heating by connecting 24 V A.C to any of the two motor winding
terminals.

7.1.2 The location of the space heaters shall be such as to allow easy access for inspection,
maintenance and replacement.

7.2 Name Plates
7.2.1 The name plates shall be of stainless steel with letters embossed on them.
7.2.2 The name plate shall contain all the relevant details as per IS: 325 and in addition shall
indicate the following:
i) The description and code no. of motor
ii) Degree of protection of enclosure
iii) Temperature rise of windings under running condition
iv) Designation of bearings
V) Recommended type of lubricant and interval of lubrication
vi) Direction of rotation

vii) Mounting Arrangement

7.2.3 Flameproof motors shall have additional name plate containing relevant particulars as
per IS: 2148.
7.24 Increased safety motors shall have additional name plate containing relevant particulars

as per IS: 6381.

7.25 Motors with type of protection “n” shall have additional name plate containing relevant
particulars as per IS: 9628.

7.3 Embedded Temperature Detectors

7.3.1 All high voltage motors shall be provided with 6 nos. of evenly distributed embedded
resistance temperature detectors for measurement of winding temperature. These shall
be located in positions at which the highest temperatures are likely to occur.

7.3.2 In addition, the high voltage motors shall be provided with

i) 1 no. RTD for hot air temperature measurement

i) 2 nos. RTDs (1 on each side) for bearing temperature measurement of oil
lubricated bearings. For grease lubricated bearings, RTD shall be provided only
where specified
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7.3.3

7.3.4
7.3.5
7.4

7.41

7.4.2

7.4.3
744
7.4.5

7.4.6

7.5

7.5.1

7.5.2

7.5.3
754

8.0

These RTDs shall be of platinum having 100 ohm resistance at 0°C and temperature
coefficient as 3.850 x 10~.

The RTDs shall be 3 lead type having power frequency insulation level of 2KV.
The RTDs shall comply with the requirements laid down in IS: 2848.
Dial Type Thermometers

In high voltage motors, the measurement of hot air and bearing temperature (of oil
lubricated bearings) by dial type thermometers shall be provided wherever specified.

The arrangement shall consist of a dial type of mercury-in-steel thermometer so
mounted that its stem shall be located in the maximum temperature region.

The thermometer shall have two potential free contacts for alarm and trip.
All contacts shall be rated for 2 Amps. at 110 V D.C.

For bearing temperature measurement, separate thermometers shall be provided for
each bearing.

For grease lubricated bearings, temperature measurement arrangement shall be
provided only where specified.

Oil Supply System

For large sized motors, where forced oil lubrication system is considered, a common oil
supply system for the motor and the driven equipment shall be provided by the driven
equipment manufacturer.

However, the motor supplier shall quote separate price for the complete oil system of
the motor.

The system shall be suitable for location near the motor.

The oil supply system for each motor shall include:

i) 2 Nos. 100% rated motor driven pumps with motors

i) 1 No. oil tank complete with oil level gauge and thermometer
i) 1 No. oil cooler

iv) 1 No. oil filter

v) 1 No. differential pressure switch for filter

vi) 2 Nos. pressure switches

vii) Necessary piping

viii) Necessary control and interlocks

VIBRATIONS

The motor vibrations measured at the bearings must not exceed the limits specified in
IS: 12075.
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9.0 NOISE LEVEL
The motor noise level shall not exceed 85 dB measured at a distance of 1 metre from
the motor.
10.0 PAINTING
10.1 Enclosures of the motor and its accessories shall be painted with two coats of anti-rust

paint and two coats of anti-corrosive paint after suitable pre-treatment.

10.2 Epoxy paint, wherever specified, shall be used.

10.3 Unless otherwise specified, the finishing shade shall be light grey having shade No.
631 as per IS: 5.

11.0 TESTS AND INSPECTION

11.1 All motors shall be routine tested as per relevant standards.

11.2 Additional tests, wherever specified, shall be carried out on one motor of each rating.

11.3 For high voltage motors of each rating, polarization index test shall also be carried out.

11.4 All the above mentioned tests shall be carried out in the presence of purchaser’'s

representative. In addition, the motor shall be subject to stage inspection at works and
inspection at site for final acceptance.

115 These inspections shall, however, not absolve the vendor from their responsibility for
making good any defects which may be noticed subsequently.

12.0 PACKING

12.1 The motors shall be properly packed to safeguard against weather conditions and
handling during transit.

12.2 The shaft shall be properly clamped / supported.

12.3 Rust inhibiting agents shall be applied to fittings and sliding surfaces.

12.4 All flanges shall be closed with blanking plates to avoid entry of foreign materials.

12.5 The loose pieces of the motor / spare parts / Instruments shall be separately wrapped

in moisture resistant paper and marked with identification marks and name plate of the
corresponding motors.

12.6 The packing box / crate shall include a copy of installation, operation and maintenance
manual.

13.0 DRAWINGS AND DOCUMENTS

13.1 Drawings and documents as per Annexure-l shall be supplied, unless otherwise
specified.

13.2 All drawings and documents shall have the following descriptions written boldly:
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- Name of client
- Name of consultant
- Enquiry / order number with plant / project name

- Motor Code No. and Description
14.0 SPARES

14.1 Spares for operation and maintenance
Item wise unit prices of spare parts with recommended quantity shall be quoted along
with the motors.

14.2 Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.

14.3 Any other spare parts not specified, but required, shall also be quoted along with the
offer.

14.4 All spare parts shall be identical to the parts used in the motors.

15.0 DEVIATIONS

15.1 Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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SI. No.

Document Description

Documents Required (Y / N)

With Bid For Approval

Final

o

10.
11.

12.

13.

Specification Sheet and Technical Particulars
completely filled-in
Dimensional Drawings

Drawings and data for air / water heat
exchangers, if necessary

Drawings and data for oil system, if necessary

Characteristic curves

a) Thermal withstand curve

b) Load Vs FL current

c) Load Vs Efficiency

d) Load Vs Power factor

e) Load Vs Speed

f) Voltage Vs Thermal Withstand time
g) Starting current Vs Time
Connection diagram for RTDs, thermometer
etc.

Terminal Box drawings

lllustrative and Descriptive catalogues
Catalogues of bought out accessories
Spare parts list

Installation, Operation and Maintenance
manual

Test certificates

a) Routine

b) Type

c) For enclosure

Guarantee Certificates
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Note:

1.

4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from

3.

the date of LOI.

8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to

despatch of the equipment. These shall be made in sets and supplied in fine plastic

coated folder.

Y - Yes, N -No
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1.0 SCOPE
1.1 The standard covers the technical requirements of design, manufacture, testing at works

and delivery in well packed condition of interlocking switch socket and plug.
2.0 STANDARDS TO BE FOLLOWED

2.1 The design, manufacture and testing of the equipment covered by this standard shall
comply with the latest issue of 1S-4160/ IEC-309 and other relevant Indian Standards,
unless otherwise specified. Equipment complying with equivalent IEC standards shall
also be acceptable.

2.2 The design and operational features of the equipment offered shall also comply with the
provisions of latest issue of Indian Electricity Rules and other statutory acts and
regulations. The supplier shall, wherever necessary, make suitable modifications in the
equipment to comply with the above.

2.3 Wherever any requirement, laid down in this standard differs from that in Indian
Standard Specifications, the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS
3.1 Ambient conditions
These shall be as indicated in Design Philosophy-Electrical.
3.2 System details
These shall be as indicated in Design Philosophy-Electrical.
4.0 OPERATING REQUIREMENTS
The equipment shall be suitable for operating at the rated capacity continuously, under

the ambient condition indicated in Design Philosophy-Electrical, without exceeding the
specified temperature rise and without any detrimental effect on any part.

5.0 GENERAL DESIGN AND CONSTRUCTIONAL FEATURES

5.1 The switch socket shall be heavy duty industrial type. The interlocking arrangement shall
be such that it is not possible to insert or withdraw the plug with the switch in ‘ON’
position.

5.2 The switch sockets shall have dust, hose and weather proof construction conforming to

IPW55 as per IS: 13947 and shall be suitable for outdoor use without any extra
protection. All jointing surfaces shall be smoothly machined and of sufficient width to
prevent ingress or dust. Further the covers shall be provided with continuous gaskets
made of neoprene to prevent ingress of dust and moisture.

5.3 The enclosure of switch sockets and plugs shall be of cast aluminium alloy 4600 and
suitable for fixing on wall / structure.

54 The enclosure shall be largely dimensioned in order to avoid temperature rise inside it
which may damage the insulating materials and gaskets employed therein.
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5.5

5.6

5.7

5.8

5.9

6.0

6.1

6.2

6.3

6.4

6.5

6.6

7.0

7.1
7.11

7.2
7.21
7.2.2

The insulating materials used shall be non-hygroscopic, mould proof and treated with
suitable varnish to withstand the ambient conditions.

All external hardware of diameter less than 8 mm shall be of stainless steel and those of
diameter 8 mm or above shall be of mild steel zinc passivated.

Suitable arrangement for looping of cables from one switch socket to the other shall be
provided. For switch sockets rated above 63A, looping shall be done from busbars and
for switch sockets rated 63A and below, looping may be done from terminal block.
Necessary terminals, cable glands and lugs for looping shall be provided. Also one no.
The readed plug for each switch socket shall be supplied loose.

All the relevant information shall be provided on engraved name plate made of
aluminium.

The enclosure shall be provided with two earthing terminals outside the body.
SPECIAL FEATURES FOR FLAME PROOF SWITCH SOCKET AND PLUGS

The enclosure shall be in addition of flame proof execution as per IS: 2148.

The enclosure group and temperature class shall be as indicated in Design Philosophy.

Cable shall enter the terminal chamber through flame proof compression type cable
glands. From the terminal to the main enclosure, the connection shall be made through
proper bushings. Direct entry of external cables into the main enclosure shall not be
accepted.

An additional earthing terminal inside the terminal chamber shall be provided.

Switch socket, plug and cable glands must be certified by the Central Mining Research
Institute, Dhanbad or any other statutory authority for use in the specified hazardous
area.

Further interlocking shall be provided so that the contacts cannot be energised when the
plug and socket are separated.

COMPONENT DETAILS

Air Break Switches

The switches shall be quick make, quick break rotary type and of utilisation category AC-
23 as per IS: 13947.

Switches shall be hand operated from outside the cover. The switch handle shall remain
fixed to the front cover while removing the front cover.

H.R.C. Fuses

The sockets shall be provided with link type HRC fuses.

The fuses shall be capable of withstanding a short circuit current of 50 KA and shall be
delayed action type conforming to I1S: 13703. These shall be mounted on a shrouded
base.
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7.3 Socket Outlets
7.3.1 The socket outlet shall be located in the lower part of the enclosure and shall be

provided with a threaded aluminium cover attached to the body with G.I. chain, to protect
the socket after extraction of the plug. Spring loaded automatic shutter shall not be
acceptable.

7.3.2 The socket contacts shall maintain satisfactory spring pressure and contact with the
corresponding plug under normal service conditions.

7.3.3 The socket contacts shall be sunk well below the surface of the socket- outlets so as to
make it impossible to be touched unintentionally.

7.34 An earthing contact shall be provided in the socket outlet which shall ensure making and
breaking respectively of its contact with the earthing pin of the plug before and after
making and breaking of the corresponding current carrying contacts.

7.4 Plugs

7.4.1 The plugs shall be so constructed so that these can be easily fitted in to the socket
outlets.

74.2 These shall be provided with knurled knob arrangement for screwing on the body of the

socket so that it can be securely fixed on the top.

74.3 The plug base and cover shall be firmly secured to each other and shall be sufficiently
robust in construction to withstand normal usage.

744 The plug pins shall preferably be of single part. The earthing pin shall be slotted with a
single slot and shall be larger in dimension than other pins.

7.4.5 The plug and socket contacts shall be self aligning type with best electrical continuity.

7.4.6 The plug shall be provided with dust proof cable entry suitable for receiving TRS flexible
heavy duty copper conductor cable of specified size. The arrangement shall be such that
the conductors are relieved from strain including twisting where they are connected to
the terminals and that the outer surface of the cable at the place of entry is not
damaged.

7.4.7 Insulating barriers forming an integral part of the plug shall ensure separation of metals
and bare flexible conductors at different potentials.
7.5 Cable Termination

7.5.1 Switch socket shall have cable termination arrangement on the upper part of the housing
and shall be provided with side entries, one on either side, through heavy duty double
compression type rolled aluminium cable glands suitable for 1.1 KV grade XLPE
insulated armoured and PVC sheathed cables.

7.5.2 The terminal blocks shall be pressure clamp type for switch socket rated up to 63A and
bolted lug type for higher ratings. The terminals shall be rated for at least 1.5 times the
switch rating.

8.0 PAINTING

8.1 The enclosure after suitable pre-treatment shall be painted with two coats of anti-rust
paint followed by two coats of anti-corrosive paint.

8.2 Epoxy based paint shall be used.
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8.3

8.4

9.0

9.1

9.2

9.3

9.4

10.0

10.1

10.2

11.0

11.3

All paints shall be carefully selected to withstand tropical heat and extremes of weather.
The paint shall not scale off, crinkle or be removed by abrasion due to normal handling.

The finishing shade shall be light grey shade no.631 as per IS: 5, unless specified
otherwise.

TESTS AND INSPECTION

The switch sockets and plugs shall be subjected to routine tests as per 1S-4160 and
other relevant standards.

Wherever specified, additional tests shall be carried out on one switch socket and plug
of each rating.

The tests shall be carried out in the manufacturer’s works in the presence of purchaser’s
representative. In addition to the above tests, the equipment shall be subject to stage
inspection at works and inspection at site for final acceptance.

These inspections shall, however, not absolve the vendor from their responsibility for
making good any defect which may be noticed subsequently.

DRAWINGS AND DOCUMENTS

Drawings and documents as per Annexure-l shall be supplied, unless otherwise
specified.

All drawings and documents shall have the following descriptions written boldly.

- Name of client

- Name of consultant

- Enquiry / Order Number with plant / project name

- Code No. and Description
SPARES

Spares for operation and maintenance

Item wise unit prices of spare parts for the following items as applicable shall be offered
along with the main equipment with recommended quantity.

i) Switch

i) Fuse base

iii) Fuse

iv) Terminal blocks

V) Terminal bushings

Commissioning Spares
Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.

Any other spare parts not specified, but required, shall also be quoted along with the
offer.
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114 All spare parts shall be identical to the parts used in the equipment.
12.0 PACKING
12.1 The switch socket and plug shall be properly packed to safeguard against weather

conditions and handling during transit. It shall be wrapped in polythene bags and an
additional wrapping of bitumen paper shall also be provided to make it completely water
proof before the equipment is packed in wooden crates.

12.2 The packing box shall contain a copy of the installation, operation and maintenance
manual.

13.0 DEVIATIONS

13.1 Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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DOCUMENTATION FOR INTERLOCKING SWITCH SOCKET AND PLUG
Documents Required (Y / N)
SI.No. Description
With Bid For Approval Final

1. Specification Sheet Y Y Y
Technical Particulars Y Y Y
General arrangement and foundation Y Y Y
drawing

4. Schematic / wiring diagram N Y Y

5. lllustrative and descriptive literature Y N Y

6. Catalogue for bought out accessories Y N Y

7. Installation operation and maintenance N N Y
manual

8. Test Certificates
a) Type N N Y
b) Routine N N Y
Guarantee Certificate N N Y

10. Certificate of flameproofness from Y N Y
statutory testing authority wherever
applicable.

11. | Spare parts list with identification marks Y N Y

Note:

1.

4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from

3.

the date of LOI.

8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to

despatch of the equipment. These shall be made in sets and supplied in fine plastic

coated folder.

Y -Yes, N - No
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1.0 SCOPE
1.1 This standard covers the technical requirements of design, manufacture, testing at
works, and despatch in well packed condition of lighting fixtures and their accessories.
2.0 STANDARDS TO BE FOLLOWED
2.1 The design, manufacture and testing of the lighting fixtures and their accessories
covered by this standard shall comply with the latest issue of the following and other
relevant Indian Standards, unless otherwise specified. Equipment complying with
equivalent IEC standards shall also be acceptable.
1S:1913(Part 1) -- General and safety requirements for Luminaries Part-1:
Tubular fluorescent lamps
1S:6665 -- Code of practice for Industrial lighting.
IS:1777 -- Industrial luminaries with metal reflectors.
1S:5077 -- Decorative lighting outfits.
1S:10322 -- Luminaries.
1S:4012 -- Dust proof electric lighting fittings
1S:3528 -- Waterproof electric lighting fittings.
1S:13947 -- Specification for Low-voltage Switchgear and Control gear —
(Part-1) Part-1 : General Rules
1S:2148 -- Electrical Apparatus for Explosive Gas Atmospheres -
Flameproof Enclosures “d”
1S:2206 (Part 1) -- Flameproof electric lighting fittings Part-1: Well glass and
bulk head types.
1S:2206 (Part 2) -- Flameproof electric lighting fittings Part-2: Fittings using
glass tubes
1S:8224 -- Electric lighting fittings for division-2 areas.
1S:1534 (Part 1) -- Ballasts for fluorescent lamps: for switch start circuits.
1S:6616 -- Ballasts for high pressure mercury vapour lamps.
1S:1569 -- Capacitors for use in tubular fluorescent high pressure
mercury and low pressure sodium vapour discharge lamp
circuit.
1S:2215 -- Starters for fluorescent lamps.
1S:3323 -- Bi-pin lamp holders for tubular fluorescent lamps.
1S:1258 -- Bayonet lamp holders.
1S:10276 -- Edison screw lamp holders.
1S:3324 -- Holders for starters for tubular fluorescent lamps.
2.2 The design and operational features of the equipment offered shall comply with the
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provisions of the latest issue of the Indian Electricity Rules and other relevant Statutory
Acts and Regulations. The supplier shall, wherever necessary, make suitable
modifications in the equipment to comply with the above.
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2.3 Wherever any requirement, laid down in this standard, differs from that in Indian
Standard Specifications, the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS
3.1 Ambient Conditions

These shall be as indicated in Design Philosophy-Electrical.
3.2 System Details

These shall be as indicated in Design Philosophy-Electrical.
4.0 OPERATIONAL REQUIREMENTS

The fixtures and their associated accessories shall be suitable for operating
continuously under the ambient conditions and with the voltage and frequency
variations indicated in Design Philosophy-Electrical without exceeding temperature rise
limits as per relevant standards and without detrimental effect on any part.

5.0 GENERAL CONSTRUCTIONAL REQUIREMENTS FOR FIXTURES

5.1 The fixtures shall be complete with all accessories including the control gear box but
excluding the lamp.

5.2 The control gear box for fluorescent lamp fixtures shall consist of starter, ballast and
capacitor for power factor improvement and for correction of stroboscopic effect.

53 The control gear box for mercury vapour fixtures shall consist of ballast and capacitor
for power factor improvement. The control gear box for sodium vapour fixtures shall
comprise ballast, capacitor and an electronic ignitor.

54 The fixture housing control gear box shall be made of CRCA sheet steel, aluminium
sheet or cast aluminium.

55 The fixtures shall be provided with cable glands wherever specified and a terminal block
suitable for termination of copper conductor up to 2.5 sq. mm size. Looping facility shall
be provided wherever indicated.

5.6 The control gear box shall normally be mounted separate / integrally. Where the control
gear box is to be mounted separately, the same shall be housed in as enclosure made
of CRCA sheet steel / cast aluminium. The control gear box shall additionally contain
HRC fuse (except for FLP fittings), suitable terminals with lugs, three numbers cable
glands and a spare threaded plug.

5.7 The control gear box shall be suitable for location in the same area as the fixture and
shall have the same degree of protection.

5.8 All external hardware such as bolts and nuts of below 8 mm size, toggle lever, hinge

pins etc. shall be of stainless steel and bolts and nuts of higher sizes shall be zinc
passivated with sufficient thick layer capable of withstanding the operating conditions.
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59 Neoprene gaskets shall be provided where necessary to prevent ingress of dust,
moisture and insects inside the fixture and to make the fixture suitable for outdoor
installation.

5.10 The fixture / control gear box shall have minimum degree of protection equivalent to IP-

55 for outdoor installation and IP-43 for indoor installation as per 1S-13947 (Part-1).

5.11 The fixture shall be so designed that it shall be possible to maintain or replace the
different accessories without difficulty, including the replacement of the lamp.

512 The insulation of wiring conductor for fixture and control gear box (where provided
separately) shall be selected considering the maximum temperature due to the heat
generation by ballast, lamp, etc. under normal operating condition and its proximity with
the same. Wherever necessary, heat resistant type insulated conductor shall be used
for the wiring of the fixture and control gear box.

5.13 The wiring between different components of the fixture and control gear box  shall be
properly secured to avoid loosening of the connection due to vibration.

5.14 The fixture / control gear box shall be provided with an internal earthing terminal.

5.15 The fixture shall be designed to maximise the downward throw of luminous flux.

5.16 The fixture / control gear box shall be suitable for type, number and wattage of lamp.
5.17 Where integral control gear box is not provided, maximum rating and type of the lamp

which can be used with the fixture shall be indicated on the name plate.
5.18 Painting

5.18.1 All metal surfaces shall be made completely free from any scale and rust by suitable
processes of degreasing and pickling. The thoroughly cleaned surface shall be pre-
treated by phosphatising and passivating.

5.18.2 Aluminium surfaces shall be pre-treated by anodisation.

5.18.3 Two coats of zinc chromate primers shall be applied on all metal surfaces before
application of two coats of finishing paint as specified for different types of fixtures.
Where epoxy paint is specified, epoxy based primers.

5.19 Supporting Arrangement

5.19.1 Fixture shall be suitable for mounting on the ceiling / structure as required. A mounting
bracket shall be supplied, where necessary.

5.19.2 Sketch showing the mounting arrangement and dimension for each type of fixture shall
be furnished.

6.0 TYPE OF FIXTURES
6.1 Commercial Decorative Type
6.1.1 Channel / Rail Mounting Fluorescent Fixtures

6.1.1.1 The fixtures shall be provided with CRCA sheet steel enclosure housing all electrical
accessories, mounting channel, good quality clear acrylic cover/ opal diffuser / louver of
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non-yellowing type and high impact polystyrene black end plates. The mounting channel
shall be provided with a reflector plate to hold the cover / diffuser / louver, so that the
same shall not come out when the end plates are removed.

6.1.1.2 Where continuous mounting is specified, instead of end plates at the two consecutive
ends of the fixtures, one 25 mm wide aluminium strip painted with black epoxy paint
with proper fixing arrangement shall be provided to cover the gap between the two
fixtures. The strip shall be so shaped that it can be easily fitted or removed without
difficulty.

6.1.1.3 The channel housing and the reflector plate shall be epoxy stove enamelled.

6.1.1.4 The fixtures shall be suitable for 2x36 W fluorescent tube / 15W compact fluorescent

(CFL) lamps.
6.2 Recess Mounting Fluorescent Fixture
6.2.1 The fixtures shall be suitable for recess mounting on false ceiling. The fixtures shall

have CRCA sheet steel enclosure housing all electrical accessories, reflector plate and
good quality non-yellowing type clear acrylic cover / opal diffuser / louver.

6.2.2 The fixtures shall be suitable for 2x36W fluorescent tube / 15W compact fluorescent
(CFL) lamps.

6.2.3 The housing and the reflector plate shall be stove enamelled white.

6.2.4 Mirror optics fixtures shall be suitable for recess mounting on false ceiling. The fixtures
shall have CRCA sheet housing, stove enamelled, white and containing all electrical
accessories.

6.2.5 Mirror optics fixture where specified shall have high purity anodised aluminium reflector

for high photometric performance and specially designed V-shaped parabolic cross
louvers for better glare control.

6.2.6 Mirror optics fixtures shall be suitable for 2x36W fluorescent tube / 15W compact
fluorescent (CFL) lamps.

6.3 Industrial Type

6.3.1 Channel / Rail Mounting Fluorescent Fixtures

6.3.1.1 The fixtures shall be provided with CRCA sheet steel mounting channel containing all
the accessories, suitably covered with CRCA sheet steel and epoxy stove enamelled.

6.3.1.2 The fixture without reflector shall be with epoxy stove enamel finish. Where reflector is
specified the same shall be CRCA sheet of minimum 20 SWG thickness and vitreous
enamelled white inside and grey outside.

6.4 Hose Proof Fluorescent Fixtures

6.4.1 The fixtures shall be totally enclosed type, suitable for outdoor installation having
enclosure equivalent to IP-55 as per 1S-2147. Test certificate in respect of the IP-55
enclosure shall be submitted.

6.4.2 The fixtures shall have aluminium housing having control gear tray containing all
electrical accessories wired up to terminal block.

6.4.3 The Fixtures shall have clear acrylic front cover, properly sealed in the metallic door
frame which shall have hinges at one side and arrangement on the opposite side for
proper fixing of the front cover by application of sufficient pressure on the frame cover
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gasket. The gasket shall be of such quality that it shall not deteriorate during opening
and closing of the front door, for replacement of lamps or maintenance of the fixtures.

6.4.4 The fixtures shall have epoxy stove enamel finish, white inside and grey outside.
6.5 Corrosion Proof Fluorescent Fixtures
6.5.1 The fixtures shall be suitable for installation in an area laden with corrosive chemical

dusts and vapours.

6.5.2 The ballast, capacitor and terminal block shall be housed in a cast aluminium enclosure
which shall be made dust and vapour proof with the use of neoprene rubber gaskets.
The internal connecting wires shall run inside 2 nos. seamless aluminium pipes properly
screwed and sealed on either side of the control gear housing. The end boxes shall be
made of cast aluminium fixed at the ends of the seamless pipes which shall contain the
starter holder, starter and the lamp holders.

6.5.3 The lamp holders shall be so designed that when the lamps are fitted, ingress of
corrosive dust and vapour inside the lamp holders is prevented to protect lamp pins.

6.5.4 The fixtures shall be epoxy stove enamelled.

6.6 Bulk head Type Incandescent / Mercury Vapour Fixtures

6.6.1 The fixtures shall be made of cast aluminium alloy in weather proof execution finished in

epoxy stove enamel grey outside and white inside, provided with prismatic heat
resistant glass cover and 3 mm G.I. wire guard.

6.6.2 For use with H.P.M.V. lamp, separate control gear box shall be supplied.
6.7 Well Glass Type Incandescent / Mercury / Sodium Vapour fixtures.
6.7.1 The fixture housing shall be made of cast aluminium alloy in dust, vapour and weather

proof execution finished in epoxy stove enamel, grey outside and white inside, provided
with clear heat resistant glass which shall be fitted with neoprene gasket and 3 mm G.I.

wire guard.

6.7.2 Where top entry is specified for suspension, the fixture shall be suitable for 19 mm NB
G.I. pipe.

6.7.3 Where additional dispersive reflectors are specified to be supplied with the fixtures, the

same shall be of CRCA sheet steel vitreous enamelled.
6.8 High Bay Type Mercury / Sodium Vapour Fixtures
6.8.1 The fixtures shall be in dust and vapour proof execution with a reflector and heat

resistant glass cover and shall be provided with separate / integral control gear.

6.8.2 The control gear and lamp holder housings shall be of cast aluminium so designed as to
achieve better heat dissipation and proper cooling of the unit.

6.8.3 The reflector shall be made of anodised aluminium epoxy enamelled outside and
electrochemically brightened inside.

6.8.4 The canopy shall be of cast aluminium having terminal block for external connection
and provided with suspension hook.

6.8.5 The canopy, control gear and lamp holder housings shall be epoxy stove enamelled.
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6.9 Street Lighting Fixtures

6.9.1 The fixtures shall be suitable for fluorescent / mercury vapour / sodium vapour lamp as

specified and shall be made of cast /sheet aluminium epoxy enamelled housing,
anodised aluminium reflector and non-yellowing type acrylic cover.

6.9.2 The fixture shall be totally enclosed type suitable for outdoor installation having
enclosure equivalent to IP-43 as per 1S-13947 (Part-1).

6.9.3 The fixtures shall have light distribution same as that of semi-cut off type as specified.

6.9.4 The fixtures shall be provided with side entry for the supporting pipe. The cable shall be
taken inside through the supporting pipe of 25 mm dia.

6.9.5 The clamping arrangement for the supporting pipe shall be designed to suit the weight
of the fixture and wind load for mounting height upto 16 M as specified in the relevant
Indian Standard Specification. The clamping arrangement shall provide wide range
flexibility in the use of supporting pipe by the purchaser.

6.9.6 Unless otherwise specified, fixture for use with mercury / sodium vapour lamp shall be
provided with arrangement of adjusting the position of lamp holder to have a cut off or
semi-cut off light distribution.

6.10 Flood Lighting Fixtures

6.10.1 The fixtures shall be in weatherproof execution suitable for high pressure mercury /
sodium vapour lamp and shall comprise of epoxy stove enamelled, cast aluminium alloy
body, a clear heat resistant flat toughened glass, an anodised mirror polished aluminium
reflector and a focussing device.

6.10.2 The fixtures shall be having an arrangement for rotation on both horizontal and vertical
planes and locking in any desired position.

6.10.3 The complete unit shall be mounted on a heavy base of cast iron for fixing the fixture on
a structural platform.

6.10.4 All cast iron and M.S. structural provided in the fixture shall be epoxy painted.
6.10.5 A separate control gear box suitable for the rating of the lamp specified shall be
supplied along with the fixture.

6.11 Post Top Lantern Type Fixture

6.11.1 The fixtures shall be suitable for mercury / sodium vapour lamps having cast aluminium
spigot, circular opal non-yellowing type acrylic diffuser and cast aluminium pole
mounting base with integral control gear.

6.11.2 The fixtures shall be suitable for outdoor installation.

6.11.3 The canopy and the mounting base shall be epoxy stove enamelled.
6.12 Air Obstruction Lighting Fixtures

6.12.1 The fixtures shall be suitable for neon cold cathode helix and shall be complete with
neon lamp, transformer, red glass dome, necessary terminal box and other accessories.

6.12.2 The fixtures shall have body of corrosion resistant aluminium alloy casting and shall be
suitable for outdoor use and mounting on 40 mm NB G.I. pipe. Necessary electrical
threading shall be tapped in the fixture for mounting.
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6.12.3 The optical system of the glass should give a symmetrical light distribution with intensity
not less than 10 candles. The intensity shall be uniform between 10° and 90° above

horizontal.
6.13 Fixtures for use in Hazardous Area
6.13.1 The fixtures for use in hazardous area shall be in cast aluminium (alloy 4600) / cast iron

enclosure which shall be epoxy stove enamelled.

6.13.2 The fixtures shall have general constructional features as per clause 5.0 and type
conforming to clause nos. 6.4 to 6.12 unless indicated otherwise and shall also comply
with relevant Indian standard for the type of fixtures specified viz. flameproof / increase
safety fittings for division 2 areas.

6.13.3 The fixtures shall be suitable for hazardous area for enclosure group and temperature
class.

6.13.4 Flameproof fixture / control gear box shall be provided with flameproof cable glands.

6.13.5 Lighting fixture / control gear box for division-2 area shall be provided with increased
safety cable glands.

6.13.6 One internal earthing terminal shall be provided.

6.13.7 The vendor shall confirm that the fixture and control gearbox, where supplied
separately, have been tested and certified by relevant statutory authorities for use in the
hazardous area as offered by them and shall submit the relevant documents along with

the offer.
7.0 ACCESSORIES
71 Ballast

The ballast shall be highly inductive silicon steel laminated, copper wire wound
polyester filled heavy duty type.

7.2 Capacitors

7.2.1 The capacitors shall be constant value type hermetically sealed in metal enclosure to
ensure long trouble free service.

7.2.2 The value of capacitors for power factor improvement shall be so selected that the
corresponding lamp circuit power factor does not fall below 0.95 lag.

7.3 Starter

The starter shall be suitable for igniting fluorescent lamp having bi-metal electrodes and
radio interference suppression capacitor in an enclosure of high mechanical strength.

7.4 Lamp Holder

7.4.1 The lamp holders shall ensure proper contact with the lamp during continuous
operation, preventing extinguishing of the lamp due to small vibration.

7.4.2 The material of the lamp holder shall be suitable to withstand the operating temperature
without any deterioration.
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7.4.3 The lamp holder for fluorescent lamp shall be spring loaded rotor type, suitable for bi-pin
lamp, so designed to prevent contact with live parts of the lamp holder after the lamp
has been taken out or during insertion / removal of the lamp.

744 The lamp holder for mercury / sodium vapour and incandescent lamp shall be Edison
screw type, excepting for incandescent lamps rated up to 100 watt, which may be
bayonet type.

7.5 Starter Holder

The starter holders used for fluorescent lamp shall ensure good electrical contact with
the starter pin with strong spring action for trouble free operation. It shall be possible to
insert or remove the starter with ease.

7.6 Cable Glands

Cable glands shall be of rolled aluminium, double compression type suitable for XLPE
insulated armoured and PVC sheathed 1.1 KV grade cables.

8.0 TESTS AND INSPECTION

8.1 The following tests shall be carried out on the lighting fixtures and their accessories as
per relevant IS.

8.1.1 Routine tests - On each lighting fixture and its accessories.
8.1.2 Acceptance tests - On one sample of each type.
8.1.3 Type tests - Wherever specified on one lighting fixture of each type

and its accessories.

8.2 All the above mentioned tests shall be carried out in the presence of purchaser’s
representative. In addition, the fixtures shall be subjected to stage inspection at works
and inspection at site for final acceptance.

8.3 These tests and inspection shall however, not absolve the vendor from his responsibility
for making good any defect which may be noticed subsequently.

9.0 DRAWINGS AND DOCUMENTS

9.1 Drawings and documents as per Annexure-l shall be supplied unless otherwise
specified.

9.2 All drawings and documents shall have the following description written boldly.

- Name of client

- Name of consultant

- Enquiry / Order Number with plant / project name
- Code No. and Description

10.0 SPARES

10.1 Spares for operation and maintenance
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Item wise unit prices of spare parts with recommended quantity shall be quoted along
with the equipments.
10.2 Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.

10.3 Any other spare parts not specified, but required, shall also be quoted along with the
offer.

10.4 All spare parts shall be identical to the parts used in the equipments.

11.0 PACKING

11.1 The lighting fixtures shall be properly packed to safeguard against weather conditions

and handling. It shall be wrapped in polythene bag with an additional wrapping of
bitumen paper to make it completely waterproof before the equipment is packed in
wooden crates.

11.2 The packing box shall contain a copy of the installation, operation and maintenance
manual.

12.0 DEVIATIONS

12.1 Deviation, if any, from this standard shall be clearly indicated in the offer with reasoning.
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ANNEXURE - |

DOCUMENTATION FOR LIGHTING FIXTURES AND ACCESSORIES

Documents Required (Y / N)
SI.No. Description With Bid | For Approval Final

1. Specification Sheets, duly completed Y Y Y
2. Technical particulars, duly filled-in Y Y Y
3. Illustrative and descriptive catalogues

indicating general arrangement, light

distribution,  light  absorption  and

utilisation factors, full load currents, N Y Y

power factors and power requirement for

each type of fixture including control gear

losses.
4. Sketch showing mounting arrangement

e . Y Y Y

with dimensions.
5. Type Test Certificates for

(a) Hose proof fixtures

(b) Flame proof fixtures Y N Y

(c) Division-2 area fixtures
6. Spare parts list Y N Y
7. Test certificates N N Y
8. Guarantee certificates N N Y

Note:
1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from
the date of LOI.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic
coated folder.

Y - Yes, N - No
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10.
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ANNEXURE - I

LIST OF SPARES

Reflector of each type.

Lamp holder of each type

Starter for fluorescent tubes
Starter holder for fluorescent tubes
Capacitor for each type

Ballast of each type

Fuse of each type

Acrylic cover / Diffuser / Louvre of each type
Terminal block of each type

Transformer for air obstruction light fittings

Neon lamp of each type

Electric Ignitor for sodium vapour lamps

Heat resistant toughened glass cover of each type

Cable glands of each type

Allen keys of different sizes as applicable
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1.0 SCOPE
1.1 This standard covers the technical requirements of design, manufacture, testing at
works and dispatch in well packed condition of power and control cables.
2.0 STANDARDS TO BE FOLLOWED
2.1 The design, manufacture and testing of cables covered by this standard shall comply
with the latest issue of following Indian Standards, unless otherwise specified.
Equipment complying with equivalent IEC standards shall also be acceptable.
IS: 1554 Part (1) --  PVC insulated (heavy duty) electric cables for working
voltages upto and including 1100 volts.
IS: 1554 Part (II) --  PVC insulated (heavy duty) electric cables for working
voltages from 3.3 KV upto and including 11 KV.
IS: 7098 Part (1) --  Cross linked polyethylene insulated PVC sheathed cables
for working voltages upto and including 1100 volts.
IS: 7098 Part (1l) --  Cross linked polyethylene insulated PVC sheathed cables
for working voltages from 3.3 KV upto and including 33 KV
IS: 694 --  PVC insulated cables for working voltages upto and
including 1100 volts
IS: 5831 --  PVC insulation and sheath of electric cables
2.2 The design and operational features of the cables offered shall also comply with the
provisions of latest issue of the Indian Electricity Rules and other relevant Statutory
Rules & Regulations. The supplier shall, whenever necessary, make suitable
modification in the cables to comply with the above mentioned rules.
2.3 Wherever any requirement, laid down in this standard, differs from that in Indian
Standard Specifications, the requirement specified herein shall prevail.
3.0 SERVICE CONDITIONS
3.1 Ambient Conditions
These shall be as indicated in Design Philosophy-Electrical.
3.2 System Details
These shall be as indicated in Design Philosophy-Electrical.
4.0 OPERATING REQUIREMENTS

The cables shall be suitable for operating continuously at the rated capacity as specified
in relevant 1.S. under the ambient conditions in Design Philosophy-Electrical without
exceeding the permissible temperature rise and without any detrimental effect on any
part.
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5.0

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

GENERAL DESIGN AND CONSTRUCTIONAL FEATURES

The design, manufacture and workmanship of cables shall be in accordance with the
latest practice.

All materials to be used shall be new, unused and of the best quality.

Conductors

The power cables shall be of stranded Aluminium / copper round or shaped conductors
and control cables shall be of annealed high conductivity stranded copper round
conductors. The conductors shall comply with the requirements of IS: 8130.

Insulation

The conductor insulation shall be type A/C and shall comply with relevant IS.

Fillers

The cables shall have suitable fillers wherever required, laid up with conductors to
provide substantially circular cross section before the inner sheath is applied.

Inner Sheath

Inner sheath, wherever applicable shall be ST1/ ST2 type compound applied by
extrusion process except for paper cables for which it shall be of lead or lead alloy.

Armouring

All power and control cables shall be armoured. The single core cables shall be
armoured with hard drawn Aluminium taps / wires or any other suitable nonmagnetic
material. All other cables shall have galvanized steel wire / strip armouring.

Outer Sheath

The outer sheath shall be ST1/ ST2 type compound applied by extrusion process and
suitable to withstand atmospheric pollution, resistance to termites, fire retardant and
coloured black.

Screening

Screening over conductor and insulation shall be provided as per relevant standard
unless specified otherwise. The screening for control cables if specified shall be of
aluminium, mylor or equivalent and provided with tinned drain wire which shall be
continuous and permanently connected to the screen.

Identification

The individual cores of cables shall be coloured as per relevant IS. Where it is not
possible to distinguish the cores by colour, coloured strip shall be applied on the cores
or core nos. shall be marked on each core at regular intervals. All cables shall carry the
manufacturer's name or trade mark, the cable size, voltage rating and year of
manufacture at intervals not exceeding 100 meters. Running meter markings shall also
be provided throughout the length of the cable.
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5.11 Dimension
The overall dia. and dia. under armour of the cables shall be indicated by the vendor in
the technical particulars. These shall be guaranteed with a tolerance of + 5% but not
exceeding 2 mm.

512 The cut ends of the cables shall be sealed by means of non-hygroscopic materials.

6.0 SPECIAL PURPOSE CABLES

6.1 Flame Retardant Low Smoke Cables
Flame retardant low smoke cables shall have outer sheath of PVC having following
values.
- Minimum oxygen index - 29%
- Minimum temperature index - 250°C
- Maximum acid gas generation - 20%
- Maximum smoke density rating - 60%

6.2 Heat Resistant Cables
Heat resistant cables, shall be of silicon rubber insulated laid circular with asbestos
worming and overall glass fibre braided and varnished. Silicon rubber insulating
compound shall conform to IS: 6380 and the constructional features shall conform
generally to I1S: 9968.

7.0 CABLE DRUM

71 The cables shall be supplied in non-returnable wooden drums (or steel drums if
specified) of heavy construction. The wood used for construction of the drums shall be
properly seasoned, sound and free from defects.

7.2 Cables shall be supplied in specified drum lengths. Where no such indication is given,
standard drum lengths may be offered.

7.3 The tolerance on each drum of cable shall not exceed * 2.5%. However, no negative
tolerance on HV cables is acceptable.

7.4 All cable drums shall have stencilled data as per relevant IS as well as the purchaser’'s
order no., item no. & drum no.

8.0 TESTS AND INSPECTION

8.1 The following tests shall be carried out on the cables as per relevant IS.
i) Routine Tests - On all cables
i) Acceptance tests - On representative length of each size
i) Type tests - Wherever specified on one cable drum of each size

8.2 In addition, the following tests shall be carried out on all fire retardant low smoke cables

as per IS or as per the following standards:
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8.3

8.4

9.0

9.1

9.2

10.0

10.1

i) Oxygen and temperature index test as per ASTM-D-2863

i)  Acid gas emission test as per IEC-754 Part-I

iii)  Smoke density test as per ASTM-D-2843

iv)  Flammability test as per IEC-332 Part-1 or IS-10810

All the above mentioned tests shall be carried out in the presence of purchaser’s

representative. In addition, the cables shall be subjected to stage inspection at works
and inspection at site for final acceptance.

These tests and inspections shall, however, not absolve the vendor from their
responsibility for making good any defect which may be noticed subsequently.

DRAWINGS AND DOCUMENTS

Drawings and documents as per Annexure-l shall be supplied, unless otherwise
specified.

All drawings and documents shall have the following descriptions written boldly.

- Name of client
- Name of consultant
- Enquiry / Order Number with plant / project name

- Code No. and Description
DEVIATIONS

Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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DOCUMENTATION FOR CABLES
o Documents Required (Y / N)
SI. No. Document Description - - -
With Bid For Approval Final
1. | Specification Sheet, duly completed Y Y Y
2. Technical Particulars, duly filled-in Y Y Y
3. | lllustrative and Descriptive catalogues Y N Y
4. Installation, Termination and Jointing N N Y
Instructions
5. | Test certificates
a) Routine N N Y
b) Type Y N Y
6. | Guarantee Certificates N N Y

Note:

1.

4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from

3.

the date of LOI.

8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic

coated folder.

Y - Yes, N - No
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1.0

1.1

1.2

2.0

2.1

2.2

3.0

3.1

3.2

3.3

3.4

3.5

3.6

SCOPE

This standard covers the technical requirements of design, fabrication, testing at works
and delivery in well-packed condition of prefabricated ladder type cable racks.

The standard shall be read in conjunction with Drawing Nos. PDS: E 530 to 538 (9
Sheets) attached with this standard.

STANDARDS TO BE FOLLOWED

The design, manufacture and testing of the cable racks covered by this standard shall
comply with the latest issue of following and other relevant Indian Standards, unless
otherwise specified. Equipment complying with equivalent IEC standards shall also be
acceptable.

IS: 733 --  Wrought aluminium and aluminium alloy bars, rods and
sections for general engineering purposes

IS: 2629 --  Recommended practice for hot dip galvanising on iron and
steel

IS: 4759 --  Hot dip zinc coatings on structural steel and other allied
products

Wherever any requirement, laid down in this standard, differs from that in Indian
Standard Specifications, the requirement specified herein shall prevail.

GENERAL DESIGN AND CONSTRUCTIONAL FEATURES

Ladder type cable racks shall be fabricated as per attached Drawing Nos. PDS: E 530
to PDS: E 538 (9 Sheets).

Cable racks and accessories such as coupler plate, tees, bend, elbows etc. shall be
fabricated from 3 mm thick mild steel galvanised sheet or 4 mm thick aluminium 19000
H2 alloy sheet extrusion conforming to designation No. 64430 and condition WP as per
IS: 733.

G.l. racks and accessories shall have zinc coating of 800 gm/sq. metre applied by hot
dip galvanising process. Galvanising shall be uniform, adherent, smooth and free from
defects.

The finished rack and accessories shall be free from sharp edges and corners, burrs
and un-evenness. Stepped arrangement of bending is not acceptable. The channel
members in the bending shall have uniform curvature and shall be made out of single
piece.

The racks shall be supplied in minimum length of 2.4 metre.
Each straight length and bend shall be supplied with two coupling plates fitted at each

side channel at one end. The coupling plates shall be supplied with bolts, nuts and
washers fitted at the other four holes for fixing to adjoining member.
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3.7

3.8

3.9

3.10

3.11

3.12

4.0

5.0

5.1

Coupling plate shall be designed to permit longitudinal adjustment upto £+ 10 mm and
skew upto 10°.

Clamping arrangement as per attached drawings shall be provided for fixing the rack
with the cross support as required.

All the bends, tees and junctions shall be made sufficiently rigid by providing suitable
reinforcement on rungs as required.

The rungs shall be connected to the side channels by continuous welding alongwith
three sides of rung. Aluminium rack shall be welded by TIG welding process.

All hard wares such as nuts, bolts, washers and crank bolts shall be zinc passivated.

Tolerances in various dimension shall be follows:

Length -- +5mm
Width -- +2mm
Height -- +1 mm
Bend -- 1 mm
Thickness -- £ 0.2 mm

Positive tolerance on total quantity upto + 5% is acceptable. However, negative
tolerance on total quantity is not acceptable.

MARKING

The packing shall be clearly marked on the outside (on top side & ends) in indelible ink
with the following minimum details:

--  Part No.

--  Size of Tray (Length x Width x Height)

--  No. of Tray / Section, Total Weight

--  Material Specification

--  Client’s Name

--  Purchase Order No.

--  Manufacturer’'s Name

TESTS AND INSPECTION

Following tests shall be carried out on prefabricated cable racks:
Visual inspection and checking for

i) Quality and thickness of raw material

i)  Dimensions as per drawing.

iii)  Quality of welding (before galvanising for G.l. racks)
iv)  Preparation of metal surfaces (for G.I. racks).
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5.2 After galvanising, G.I. cable racks shall be subjected to following tests as per 1S:4759.

i) Mass of galvanising coating -- At any location the thickness of zinc coating shall
not be less than 90 micron. However, average thickness of zinc coating shall not
be less than 113 micron.

i)  Uniformity of galvanising coating.

iii)  Adhesion of galvanising coating.

iv) 3 samples from each lot shall be taken for testing.

v)  From each lot and size of rack, measure length of 10 trays and average length to
be multiplied by number of trays to arrive for total length.

53 All the above tests shall be carried out in the manufacturer’s works in the presence of
Purchaser’s representative. In addition to the above tests, the cable racks and its
accessories shall be subjected to stage inspection at works and inspection at site for
final acceptance.

54 These tests and the Purchaser’s inspection shall, however, not absolve the vendor from
their responsibility for making good any defect which may be noticed subsequently.

6.0 DRAWINGS AND DOCUMENTS

6.1 Drawings and documents as per Annexure-| shall be supplied.

6.2 All drawings and documents shall have the following descriptions written boldly.

- Name of client

- Name of consultant

- Enquiry / Order Number with plant / project name

- Code No. and Description

7.0 DEVIATIONS

71 Deviations, if any, from this standard shall be clearly indicated in the offer with

reasoning.
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ANNEXURE - |
DOCUMENTATION FOR PRE-FABRICATED LADDER TYPE CABLE RACKS
o Documents Required (Y / N)
SI. No. Document Description - - -
With Bid For Approval Final
1. | lllustrative and Descriptive catalogues Y N Y
2. Installation, Termination and Jointing N N Y
Instructions
3. | General Arrangement Drawings, showing Y Y Y
details of rack, coupling pieces, fasteners,
etc.
4. | Test certificates N N Y
5. | Guarantee Certificates N N Y
Note:

1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from

the date of LOI.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic

coated folder.

Y - Yes, N -No
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1.0 SCOPE

1.1 This standard covers the technical requirements of design, manufacture, testing at
works and delivery in well-packed condition of Local Control Stations.

2.0 STANDARDS TO BE FOLLOWED

2.1 The design, manufacture and testing of the equipment covered by this standard shall
comply with the latest issue of IS: 13947 and other relevant Indian Standards, unless
otherwise specified. Equipment complying with equivalent IEC standards shall also be
acceptable.

2.2 The design and operational features of the equipment offered shall also comply with
the provisions of latest issue of the Indian Electricity rules and other relevant statutory
Acts and Regulations. The supplier shall, wherever necessary, make suitable
modification in the equipment to comply with the above.

2.3 Wherever any requirement, laid down in this standard differs from that in Indian
Standard Specifications, the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS

3.1 Ambient Conditions
These shall be as indicated in Design Philosophy-Electrical.

3.2 System Details
These shall be as indicated in Design Philosophy-Electrical.

4.0 OPERATIONAL REQUIREMENTS
This equipment and associated components shall be suitable for operating
satisfactorily under the specified ambient and system conditions.

5.0 GENERAL DESIGN AND CONSTRUCTIONAL FEATURES

5.1 The Control Stations shall be suitable for control voltage not exceeding 500V, 50 Hz
AC or 220V D.C.

5.2 The enclosure shall be of die cast Aluminium alloy LM-6. As an alternative to cast
Aluminium, fibre glass enclosure is also acceptable.

5.3 The equipment shall have dust, hose and weather proof construction equivalent to
IPW-55 as per IS: 13947. These shall be suitable for outdoor location without any
additional protection or cover.

5.4 A rain-hood shall be offered as an additional item. It shall be made of 14 gauge
Aluminium sheet bent to shape. In case of fibre glass enclosure, these can be made of
fibre glass.

55 All external hardware of diameter less than 8 mm shall be of stainless steel and those

of diameter 8 mm and above shall be of mild steel zinc passivated. For fibre glass
enclosure Nylon PVC bolts of diameter 8 mm may be used.
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5.6 The control station shall preferably be with bolted cover. The bolts for retaining the

cover in position shall be provided with 10 mm dia. stainless steel and these shall be
so arranged that they do not pierce into the door gasket.

5.7 All the components shall be mounted on a base plate inside the enclosure. Necessary
actuating system for control switch, push button, non yellowing acrylic/ glass cover for
ammeter and indication lamps shall be provided on the front cover. No wiring shall be
carried out on the front cover.

5.8 The layout of components in the control station shall be liberal and standardised.

5.9 All mating surfaces shall be smoothly machined and shall be of sufficient width of at
least 6 mm. The covers shall be provided with continuous gasket made of neoprene or
synthetic rubber to prevent ingress of dust and moisture. The gasket shall be held in
position in groove provided in the enclosure and shall be pressed all around uniformly
by suitably shaped projection of the door. Gaskets simply glued to the surface are not

acceptable.

5.10 The enclosure shall be suitable for mounting on wall or on steel structure. 4 Nos. holes
suitable for 12 mm bolts shall be provided outside the enclosure for fixing the control
stations.

5.1 The internal wiring shall be carried by means of single core PVC insulated 1.5 sq. mm

stranded copper conductor cable. All termination shall be made with crimping type
proper size lugs and shall be properly ferruled.

512 The control stations shall be completely factory wired and ready for external cable
connection.

5.13 For easy identification, numbering ferrules shall be provided on all wiring at both ends
i.e. equipment end and terminal block end. Terminals for external wiring shall be
numbered

5.14 The enclosure shall be provided with two earthing terminals with studs of 8 mm. dia.

projecting outside the enclosure for connection to earth. These terminals shall not
pierce through the enclosure and shall be marked with earthing symbol.

5.15 Each control station shall be provided with minimum 2 mm thick stainless steel name
plates or consisting of black Perspex with white engraving indicating the code number
and description of the equipment controlled by it. Similar labels shall be provided for all
indication lamps, push buttons and control switches. The name plate and label shall be
fixed with screws only.

6.0 SPECIAL FEATURES FOR FLAME PROOF LOCAL CONTROL STATION
6.1 The enclosure shall be in addition, of flameproof execution as per IS: 2148.
6.2 The control stations shall be suitable for hazardous area of enclosure group and

temperature class.

6.3 Cables shall enter the terminal box through flame proof cable gland. From the terminal
chamber to the main enclosure, the connections shall be made through proper
bushings. Direct entry of external cables into the main enclosure shall not be accepted.
All entries shall be provided with stainless steel inserts.
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6.4

6.5

7.0

7.1

7.2

7.3

7.4

7.5

7.6

7.6.1

7.6.2

7.7

7.8

An additional earthing terminal inside the terminal chamber shall be provided.

Local control stations and cable gland must be certified by the Central Mining
Research Institute, Dhanbad or any other statutory authority for use in the specified
hazardous area.

COMPONENT DETAILS
Local control stations shall be provided with controlling and indicating elements.
Trip-Neutral-Close Switch

TRIP-NEUTRAL-CLOSE switch shall be double pole, 3 position, pistol grip, rotary type
having self spring return feature to neutral position. The contacts shall be of phosphor
bronze and shall be provided with two breaks in series. Mechanical sequence device
to prevent two successive movements to the same position shall be fitted. The switch
shall be capable of being padlocked in the ‘TRIP’ position.

‘Auto-Manual’ Switch

‘Auto-Manual’ switch shall be single pole stay put type having three positions “AUTO-
OFF-MANUAL”. Provision shall be made to padlock the switch in the “OFF” position.

Selector Switch / Lock Service Switch

These shall be single pole stay put type having two position with a pistol grip handle
and capable of being padlocked in one of the position.

All the switches shall be rotary type with snap or wiping action contact and having a
set of normally open and closed contacts in each position. All switches shall be
provided with pistol grip handle.

‘Off-Auto-On’ Switch

‘OFF-AUTO-ON’ switch shall be in minimum three stack configuration, each stack
having three positions with spring return from ‘ON’ to ‘Auto’ position and lockable in
‘OFF’ position by means of padlock.

The switch shall have sliding contact between ‘AUTO’ and ‘ON’ position. In ‘OFF’
position the contact shall be completely broken from ‘AUTO’ position.

Push Buttons

These shall be spring loaded, with a set of normally closed and open contacts. The
push buttons for ‘start’ shall be shrouded type and coloured green while ‘stop’ push
buttons shall be un-shrouded type and coloured red. Provision shall be made to
padlock the ‘stop’ push button in ‘OFF’ position. The fixing ring shall be metallic white.
An oil proof rubber cap shall preferably be provided.

The switches and push buttons shall conform to utilization category AC11/ DC11 as
per IS: 13947. The contact shall be rated to make, break and carry inductive current of
5 Amp. at 415 V AC and 1 Amp of 220V DC. The contact arrangement shall be as
shown in the terminal drawings. Built in locks instead of padlocking are not acceptable.
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7.9

7.91

7.9.2

7.9.3

7.10

7.11

7.12

7.13

8.0

8.1

8.2

8.3

Indication Lamps

LED type indication lamps shall be provided to indicate the various circuit conditions as
shown in the terminal drawings.

The LEDs shall provide good illumination through a viewing angle of 180°. The LEDs
shall have lumen output of 200 milli Candella in the axial direction.

The colour of the LED indication for various functions shall be as follows:-

RED : For ‘ON’ Indication
GREEN For ‘OFF’ Indication
WHITE For “Ready for Service” Indication

A.C. Ammeters

The ammeter shall be flush mounting, moving iron spring controlled type, of accuracy
class 1.5 as per 1S:1248, with square face of minimum size 72 mm x 72 mm having
scale range 0-240°. The ammeter shall be provided with uniform scale up to CT
primary current and compressed end scale up to 6 times the CT primary current.
Adjustable red pointer shall be provided to indicate the full load current of the motors.
Zero adjusters shall be provided for operation from the front of the meter. All ammeters
shall be operated through 1Amp. CTs only.

D.C. Ammeters

The D.C. ammeter shall be shunt operated. These shall be moving coil or moving iron
type of accuracy class 1.5 as per IS: 1248.

Terminal Blocks

All control stations shall be provided with terminal blocks. Terminal blocks shall be
located at a minimum distance of 50 mm from the bottom of the enclosure. The
terminal blocks for the control station shall be suitable for conductor sizes of 2.5 mm?.
These shall be of pressure clamp type design mounted on the base channel. The
minimum rating of terminal block shall be 16 Amp.

Cable Glands

The cables for the external connections, shall enter the terminal chamber through
heavy duty double compression type rolled Aluminium cable glands suitable for 2.5 sq.
mm PVC insulated, armoured, and PVC sheathed copper conductor 1.1 KV grade
cables. The cable gland shall be fitted in a threaded hole.

PAINTING

The enclosure after suitable pre-treatment shall be painted with two coats of anti-rust
paint followed by two coats of anticorrosive paint.

Epoxy based paint shall be used.
All paints shall be carefully selected to withstand tropical heat and extremes of

weather. The paint shall not scale off, crinkle or be removed by abrasion due to normal
handling.
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8.4

9.0

9.1

9.2

9.3

9.4

10.0

10.1

10.2

11.0

Unless otherwise specified, the finishing shade shall be of light grey having shade no.
631 as per IS: 5.

TESTS AND INSPECTION

All equipment shall be routine tested as per relevant standards.

Additional tests, wherever specified, shall be carried out.

All the above mentioned tests shall be carried out in the presence of purchaser’s
representative. In addition, the equipment shall be subjected to stage inspection at

works and inspection at site for final acceptance.

These inspections shall, however, not absolve the vendor from their responsibility for
making good any defect which may be noticed subsequently.

DRAWINGS AND DOCUMENTS

Drawings and documents as per Annexure-l shall be supplied, unless otherwise
specified.

All drawings and documents shall have the following descriptions written boldly.

- Name of client
- Name of consultant
- Enquiry / Order Number with plant / project name

- Code No. and Description
SPARES

Spares for operation and maintenance

Iltem wise unit prices of spare parts for the following items as applicable shall be
offered along with the main equipment with recommended quantity.

i) Trip-Neutral-Close switch

i) Auto-Manual switch

iii) Selector switch

iv) OFF-Auto-ON switch

V) Ammeters of different ranges

Vi) Push buttons of different types
vii) Indication lamps of different types
viii)  Terminal blocks

iX) Terminal bushings

Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.
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11.3

11.4

12.0

12.1

12.2

13.0

13.1

Any other spare parts not specified, but required, shall also be quoted along with the
offer.

All spare parts shall be identical to the parts used in the equipment.
PACKING

The local control stations shall be properly packed to safeguard against weather
conditions and handling during transit. It shall be wrapped in polythene bags and an
additional wrapping of bitumen paper shall also be provided to make it completely
water proof before the equipment is packed in wooden crates.

The packing box shall contain a copy of the installation, operation and maintenance
manual.

DEVIATIONS

Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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ANNEXURE - |

DOCUMENTATION FOR LOCAL CONTROL STATIONS

o Documents Required (Y / N)
SI. No. Document Description - - -
With Bid For Approval Final
1. | Specification Sheet, duly completed Y Y Y
2. Technical Particulars, duly filled-in Y Y Y
3. | General Arrangement Drawings Y Y Y
4. | Schematic Diagrams N Y Y
5. | lllustrative and Descriptive catalogues Y N Y
6. | Catalogues of bought out accessories Y N Y
7. | Spare parts list Y N Y
8. Installation, Operation and Maintenance N N Y
manual
9. | Test certificates
a) Routine N N Y
b) Type (only for flameproof equipment) N N Y
c) For enclosure Y N Y
10. | Guarantee Certificates N N Y
Note:

1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from
the date of LOI.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic
coated folder.

Y -Yes, N - No
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1.0 SCOPE

1.1 This standard covers the technical requirements of design, manufacture, testing and
inspection at works and delivery in well packed condition of junction boxes.

2.0 STANDARDS TO BE FOLLOWED

2.1 The design, manufacture and testing of the equipment covered by this standard shall
comply with the latest issue of relevant Indian standards unless otherwise specified.
Equipment complying with equivalent IEC standards shall also be acceptable.

2.2 Flameproof & increased safety junction boxes shall in addition, comply with the requirement
as laid down in IS: 2148 & IS: 6381 respectively.

2.3 The design and constructional features of the junction boxes offered shall also comply with
the provision of latest issue of the Indian Electricity Rules and other relevant Statutory
Rules & Regulations. The supplier shall, whenever necessary, make suitable modification in
the equipment to comply with the above mentioned rules.

24 Wherever any requirement laid down in this standard differs from that in Indian Standard
specifications, the requirement specified herein shall prevail.

3.0 SERVICE CONDITIONS

3.1 Ambient Conditions
These shall be as indicated in Design Philosophy-Electrical.

3.2 System Details
The details of power supply system shall be as indicated in Design Philosophy-Electrical.

4.0 GENERAL DESIGN & CONSTRUCTIONAL FEATURES

4.1 The junction boxes shall be dust and weather proof and suitable for installation outdoors
without extra protection. The degree of protection shall be IP-55 as per IS: 4691.

4.2 The junction boxes shall be of die cast aluminium alloy LM-6 with domed / suspension
covers. As an alternative to cast aluminium, fibre glass enclosure is also acceptable.

4.3 The casting of the junction boxes and their cover shall be pressure die cast. The casting
shall be uniform and free from blow holes. All mechanical surfaces shall be free from burrs,
dents and internal roughness.

4.4 All external hardware of diameter less than 8 mm shall be of stainless steel and those of
diameter 8 mm and above shall be of mild steel zinc passivated. For fibre glass enclosure
Nylon PVC bolts of diameter 8 mm may be used.

4.5 The clearances and creepage distances shall be maintained inside the junction boxes as
per relevant Indian standard.

4.6 The junction boxes shall be suitable for wall / structure / ceiling mounting and necessary
arrangement for mounting the same shall be provided.

4.7 The junction boxes shall be provided with continuous gasket made of neoprene or synthetic

rubber to prevent ingress of dust. The gasket shall be held in position in groove provided in
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the enclosure and shall be pressed all around uniformly by suitably shaped projection of the
door. Gaskets simply glued to the surface are not acceptable.

The junction boxes housing terminal block shall be moulded type made of DMC / Fibre
glass. Threaded terminals shall be made of brass (nickel plated or tinned) and provided
with two tightening threaded nuts and four washers all made of brass (nickel plated or
tinned). The terminals shall have two shorting links each horizontally placed connecting
three terminals.

The terminal block shall be fitted with junction boxes base by means of 2 nos. 1/2” long
nickel plated brass screws.

The junction boxes shall be provided with two nos. external earthing terminals and 1 no.
internal earthing terminal.

All live parts inside the junction boxes shall be insulated and shall withstand a test voltage
of 2.5 KV for 1 minute.

The junction boxes shall be provided with heavy duty double compression type rolled Al
cable glands to suit the cable entries.

Threaded blanking plugs shall be provided for junction boxes to plug out the entries not in
use as indicated in bill of quantities enclosed.

The junction boxes shall be provided with a blank stainless steel tag plate fastened to the
junction box top cover with two stainless steel screws. The plate shall be at least 25 mm
wide, 100 mm long and 1 mm thick.

For flameproof / increased safety junction boxes, the manufacturer shall submit copies of
test certificates from statutory authorities clearly stating that the junction boxes as well as
cable glands / blanking plugs are suitable for specified hazardous area.

15 Amp. Junction Box

The junction boxes shall be 4 way dome cover type.

The dimensions of the junction boxes with their cover and accessories shall be generally as
per PDS: E-547.

The junction boxes housing terminal block shall be moulded type made of DMC / Fibre
glass as per Drg. no. PDS: E-557.

63 Amp. Junction Box

The junction boxes shall be 3 / 4 way dome cover type.

The minimum internal diameter of the box shall be 240 mm.

SPECIAL FEATURES FOR JUNCTION BOXES FOR HAZARDOUS AREA

For increased safety junction boxes, the terminals shall be provided with positive locking
device against loosening.

The enclosure shall be in addition, of increased safety execution, Exe, as per relevant
standard and shall be suitable for installation.
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The junction boxes shall be liberally dimensioned in order to avoid temperature rise inside
the enclosure which may damage the insulating materials or gaskets employed therein.

Cables shall enter the terminal box through increased safety compression type cable
glands. From the terminal chamber to the main enclosure, the connections shall be made
through proper bushings.

An additional earthing terminal inside the terminal chamber shall be provided.

The junction boxes shall be provided with Brass-Nickel plated shorted links. The terminal
block shall be made of non-hygroscopic compound. Bakelite / Hylam shall not acceptable.

All screws / bolts and nuts shall be of stainless steel.

Junction boxes and cable glands must be certified by Statutory Authorities for use in the
specified hazardous area. Equipments certified by overseas authorities shall obtain
certificate of compliance / letter of opinion from respective statutory authorities.

Duly wired prototype samples for junction boxes shall be submitted for scrutiny as and
when called for.

Type Test certificates for increased safety type junction boxes and cable glands along with
blanking plugs shall be supplied.

PAINTING

Epoxy based electrostatic powder coating paint shall be provided on exterior surface while
the interior of junction boxes shall be painted with anti-condensate paint. The painting shall
be able to withstand corrosive atmosphere.

Unless otherwise specified, the finishing shade shall be grey having shade no. 632 as per
IS-5.

The terminal block of junction boxes shall be painted with Red, Yellow, Blue & Black colour
for phase indication.

TESTS AND INSPECTION
The junction boxes shall be routine tested as per relevant standards.
Additional tests, wherever specified, shall be carried out on one unit of each rating.

The procedure & extent of the physical checks, routine & type test shall be governed by
Quality Assurance Plan mutually agreed and approved by Inspection Authority.

All the above mentioned tests shall be carried out in the presence of purchaser’s
representative. In addition, the equipment shall be subjected to stage inspection at works
and inspection at site for final acceptance.

These inspections shall, however, not absolve the vendor from their responsibility for
making good any defect which may be noticed subsequently.

PACKING

Each junction box and cable gland shall be suitably packed and protected from damage due
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to transportation, loading and unloading. Threaded fittings shall have plastic caps to protect
the threading.

DRAWINGS AND DOCUMENTS
Drawings and documents as per Annexure-| shall be supplied, unless otherwise specified.

All drawings and documents shall have the following descriptions written boldly:
- Name of client

- Name of consultant

- Enquiry / order number with plant / project name

- Motor Code No. and Description
SPARES

Spares for operation and maintenance

Item wise unit prices of spare parts for the following items, as applicable, shall be offered
along with the main equipment with recommended quantity.

i) Cable glands
i) Threaded Plug
iii) Terminal blocks

iv) Terminal bushings

Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Iltem wise
list of recommended commissioning spares shall be furnished for approval.

Any other spare parts not specified, but required, shall also be quoted along with the offer.
All spare parts shall be identical to the parts used in the equipment.
DEVIATIONS

Deviations, if any, from this standard shall be clearly indicated in the offer with reasoning.
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DOCUMENTATION FOR JUNCTION BOXES
o Documents Required (Y / N)
Sl. No. Document Description - - -
With Bid For Approval Final

1. | Specification Sheet, duly completed Y Y Y

2. Technical Particulars, duly filled-in Y Y Y

3. | Certified dimensional drawing, including Y Y Y
mounting details

4. | Drawing showing constructional details Y Y Y

5. | lllustrative and Descriptive catalogues Y N Y

6. | Spare parts list Y N Y

7. | FLP/Exe certificates for junction boxes and Y N Y
terminals conforming to IEC/ISS (CMRI, CCE,
DGFASLI and BARC for terminals)

8. | Certificate for weather proof construction for Y N Y
junction boxes as per IPW-55

Note:

1. 4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from the

date of LOI.

3. 8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic coated

folder.

Y -Yes, N -No
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1.0 SCOPE

1.1 This standard covers the technical requirements of design, engineering, manufacture,
testing at works, supply at site, erection, site testing and commissioning of the complete
electrical equipment and accessories as required for the overhead travelling crane and
hoists.

1.2 This standard shall be read in conjunction with relevant mechanical specifications, other
relevant standards / specifications.

1.3 The scope of work shall include but not limited to the following items:
i) Drive motors
i) Starting resistors (in case of slip ring motors)
iii) Power control panel
iv) Control stations
V) Limit switches
vi) Electromagnetic brakes
vii) Power and control cables with accessories
viii)  Earthing of all equipment
iX) All other items, not specified but, required for safe and proper operation

14 The owner shall provide one no. medium voltage feeder for each crane / hoist and
terminate the feeder cable in an isolator located at one end of the bay at a height of 1.5
m from the operating floor. The vendor shall indicate the exact power requirement
(running and peak) to enable the owner to size and provide the power supply feeder.

1.5 Further distribution of power from this isolator onwards shall be in the vendor’s scope.

2.0 STANDARDS TO BE FOLLOWED

2.1 The design, manufacture, testing and installation of the equipment shall comply with the
latest issue of 1S-6547, IS-807 and other relevant Indian Standard specifications and
codes of practices. Equipment complying with equivalent IEC standards shall also be
acceptable.

2.2 The equipment and installation shall also comply with the provisions of latest issue of
Indian Electricity rules and other statutory acts and regulations.

2.3 Wherever any requirement, laid down in this standard, differs from that in Indian
Standard Specification, the requirement specified here-in shall prevail.

3.0 SERVICE CONDITIONS

3.1 Ambient Conditions
These shall be as indicated in Design Philosophy-Electrical.

3.2 System Details

These shall be as indicated in Design Philosophy-Electrical.
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3.3

3.4

4.0
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4.7

4.8

4.9

4.10

The owner shall provide only three phase power at the specified medium voltage. For
lighting, control and plug supply the vendor shall provide necessary single phase step-
down transformers.

All the electrical equipment shall be so designed that enable the crane / hoist to operate
at its rated capacity and specified duly cycle with the system variation under the
ambient conditions indicated in Design Philosophy-Electrical without exceeding the
permissible temperature rise and without any detrimental effect on any part.

GENERAL DESIGN AND CONSTRUCTIONAL REQUIREMENTS

The electrical system and installation shall be designed as per latest practice to provide
maximum reliability, flexibility, safety to personnel and equipment and ease of operation
and maintenance.

All equipment shall have adequate and standard ratings as per ISS.

All electrical equipment to be located in indoor plant area shall be enclosed in dust,
damp and vermin proof enclosure equivalent to IP-54 as per IS: 13947 / IS: 4691.

Equipment to be located outdoor shall be weather proof and have IPW-55 protection as
per IS: 13947 / IS: 4691 and shall also be provided with canopy as far as practicable.

The equipment to be located in hazardous area shall have additional protection as
follows:

a) Zone-| All the equipment shall be in flameproof execution.

b) Zone -1l The equipment producing sparks under normal operation shall be in
flameproof execution and others shall be in increased safety
execution.

The equipment shall be suitable for the enclosure group and temperature class as
indicated in Design Philosophy-Electrical. The equipment selected shall conform to
relevant Indian Standard Specification and must be certified by Central Mining
Research Institute, Dhanbad or any other statutory authority for use in the specified
hazardous area.

The pendant push button shall be light weight enclosure of aluminium/ polypropylene
etc. In case of hazardous areas, the loop between the pendant push button and the
crane control panel shall be made intrinsically safe by using suitable isolators.
Alternatively certified flame proof components and increased safety terminals can be
hosed in the hose proof aluminium / polypropylene enclosure.

Special care shall be taken to ensure that the parts to be opened for inspection and
maintenance retain their dust tightness even after repeated opening and closing
operations.

All mating surfaces shall be properly machined. Neoprene gaskets shall be used for
dust and weather proofing. The gaskets shall be without any discontinuity.

Only non-hygroscopic materials shall be used for insulation. All insulation shall be
specially impregnated to withstand ambient conditions and atmospheric pollution.

All live parts shall be adequately protected to prevent inadvertent or accidental contact.
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The minimum clearance and creepage distance of M.V. equipment shall be 20 and 28
mm respectively and shall be positively maintained after connections.

All external hardware of diameter less than 8 mm shall be of stainless steel and those of
diameter 8 mm and above shall be of mild steel zinc passivated.

Earthing terminals complete with sockets and identification marks shall be provided on
the enclosure of all electrical equipment. The number of terminals shall be two for
equipment rated above 240V and one for those rated 240V and below. Additional
internal earthing arrangement shall be provided for flameproof equipment.

All equipment shall be provided with stainless steel name plates containing the
particulars as per relevant IS along with the description and code nos. of equipment

All the electrical equipment shall be provided with separate terminal box, heavy duty
double compression type rolled aluminium cable glands, proper crimping lugs and anti-
vibration type terminals suitable for the cable sizes required.

Enclosure for limit switches, pendant push button, junction boxes and magnets etc. shall
be of cast aluminium. Enclosure for control panel, transformer and resistors may be of
sheet steel. The thickness of the sheet steel for the enclosure shall not be less than 2.5
mm. All enclosures shall be suitably painted to withstand atmospheric pollution.

The doors or inspection covers shall be provided with threaded knobs or butterfly nuts
made of plated carbon steel. Copper or copper alloys shall not be used outside the
enclosures.

To facilitate maintenance and testing of all electrical equipment:

a) Disconnecting links shall be provided where necessary.

b) All cable lugs and terminals shall be numbered in a permanent form
corresponding to the wiring diagram.

c) Easy access and adequate working space shall be provided around all motors,
panels, limit switches etc. safety railing shall be provided, where necessary.

EQUIPMENT SPECIFICATION
Power Connection

The main supply shall be obtained by flexible cable.

In case of overhead bare conductors, they shall be of copper and mounted on side of
the crane bridge. Four number of gunmetal type current collector with renewable carbon
inserts shall be used for power connection. One end of the bare conductor shall be
connected to the owner’s isolator by means of fixed cable.

In case of flexible cable arrangement, the cable shall be connected at one end of the
crane and the other end to owner’s isolator. The cable shall be hung at intervals by
festooned type arrangement.

In either case the power fed to the trolley shall be by means of flexible cables fixed and
supported by festooned arrangement.

The arrangement of fixing and supporting the flexible cables shall be such that the cable
is not damaged due to repeated travelling of the crane and trolley. Supporting G.l. wire
shall be provided, wherever required.
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5.1.6 The collector rollers and shoes shall be designed to avoid sparking.
5.2 Power Control Panel
5.2.1 The panel shall house all the necessary electrical equipment for distribution of power
and control of individual equipment / circuit.
5.2.2 The panel shall be totally enclosed, floor mounting, dead front, free standing type in
cubicle construction.
5.2.3 The panel shall house the following:
i) For incoming supply

- Triple pole switch fuse units
- Supply ‘ON’ signal lamps (LED Type)

The above switch shall cut off all power driven and associated equipment on the crane
except lighting and plug supply circuits.

i) For motors

- Reversing type starter with necessary contactors and timers.
- Other controlling relays and devices.

iii) For lighting, control and plug supply

Single phase transformers
Isolating switch fuse units on primary and secondary sides.

5.2.4 All switches shall be motor duty type (AC 23) and rated for 1.5 times of the full load
current of the circuit. The incoming switch shall be interlocked with the panel door.

5.2.5 All contactors shall be air break type and of AC4 utilization categories. The thermal
rating of the contactor shall be 1.5 times the full load current of the circuit.

5.2.6 The power contactors shall be interlocked electrically and mechanically so that there
shall be no possibility of simultaneous operation of two contactors for the same motor.

5.2.7 Electrical interlock shall be provided between main hoist and micro hoist motors.

5.2.8 All thermal overload relays shall have in-built single phasing feature and ambient

compensated, separately mounting and hand reset type. The reset push bottom for
thermal overload relays shall be provided on the cover of the control panel so that it is
possible to reset the relay from outside without opening the cover of the panel. Also
indication shall be provided for hoisting/travel motors tripping on overload.

529 The panel shall be installed on properly levelled base frame fabricated out of channels
of suitable size.

5.3 Motors

5.3.1 The design and specification of all motors shall comply with requirements stated
elsewhere in the specifications.

53.2 The power rating of the motors shall be 25% higher than the design requirement of the
driven equipment, under the specified service and duty conditions.

5.3.3 All motors shall preferably be of squirrel cage type and so designed that smooth
acceleration or deceleration of the load is possible without any jerks. Further a
maximum displacement of 2 mm when starting and stopping the motor in quick
succession shall be guaranteed.
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534 The motors for main hoist and micro hoist shall be suitable for intermittent duty type S4

with 60% C.D.E. and 300 starts / stops per hour. The motors for long travel and cross
travel shall be suitable for S2 duty for 60 minutes.

5.3.5 The motors shall be so located that all parts are accessible for inspection and
maintenance without affecting normal ventilation.

54 Brakes

541 The brakes for each motor shall be suitable for duties as specified below:

a) Main/ Micro hoist S4 duty
b) Long/ cross travel S2 duty

54.2 The coil of the brake shall be wound with fibre glass covered annealed copper
conductor suitable for class H application. An additional covering with glass taps shall
be provided over the coil. The maximum temperature of the coil for continuous operation
shall be limited to 140° C. The coil shall be vacuum impregnated.

54.3 For other design details refer mechanical engineering standard.

55 Limit Switches

5.5.1 Limit switches of both shunt and series type shall be used in control and power circuit.
55.2 These shall be heavy duty type and of sturdy construction in cast aluminium enclosure.
55.3 The mode of operation of these limit switches shall be positive and direct acting type.
554 The contacts shall be rated 50% more than the required current ratings.

555 The width of the roller of limit switches shall be sufficient to avoid slippage of contact

with the striker.

55.6 The striker provided for operating these limit switches shall have rubber padding on
surface which will make contact with roller to actuate it. The limit switches and its roller
should be designed to withstand the frequent impact pressure.

5.5.7 Switches in which the contacts are operated by spring or gravity or both on the
withdrawal of a chain or similar devices, shall not be used.

5.6 Transformers

5.6.1 These shall be of dry type, class H insulated, air cooled, double wound and mounted
inside the panel.

5.6.2 The transformers shall be provided with switch fuse unit on their primary side of suitable
rating. One side of secondary windings of the transformers shall be earthed and other
shall be provided with fuse of suitable rating.

5.6.3 The rating of the transformers shall be at least 2.5 times the continuous load.
5.7 Junction Box

Junction boxes shall be of cast aluminium construction and adequately sized to enable
easy termination of cables.
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5.8 Hand Lamps

5.8.1 Provision shall be made in the crane for use of hand lamps by installing 2 nos. 24 volts,
2 pin metal clad switch sockets. One of the sockets shall be on the bridge (outside the
panel) and the other on the trolley.

5.8.2 The transformer primary and secondary voltage shall be 250V and 25V respectively.

6.0 CABLES, CABLE TERMINATION AND CONNECTIONS

6.1 The cables used for fixed wiring shall be 1.1 KV grade XLPE insulated armoured and
PVC sheathed overall, and shall conform to I1S: 7098 Part-I.

6.2 The flexible cable used for power supply to crane and also for interconnection of
equipment mounted on moving and fixed part of the crane shall be 1.1 KV grade heavy
duty type.

6.3 All cables shall be properly laid and supported with adequately sized aluminium clamps
at 500 mm interval.

6.4 Cable entry on all electrical equipment e.g. panels, motors, limit switches, brakes,
junction boxes etc. shall be through double compression type rolled aluminium cable
glands.

6.5 The internal power wiring of panels shall be carried out by PVC insulated stranded
copper flexible cable.

6.6 The wiring shall be arranged in a neat fashion and supported on PVC channel or PVC
stand of screw support.

6.7 For equipment mounted on the doors, the wiring shall be carried out with flexible
stranded copper cables in such a way that no strain is put on the wires and equipment
when the door is opened for inspection and maintenance.

6.8 External looping of wires shall be done through separate dust tight junction boxes.

6.9 The sizes of power cables to be used shall be subject to owner's approval. The
minimum size of power and control cables shall be 16 sq. mm (Al) & 2.5 sq. mm (Cu)
respectively.

7.0 EARTHING

7.1 The earthing of all electrical equipment shall be carried out in accordance with I1S: 3043.

7.2 The enclosures of electrical equipment shall be connected to an aluminium earth ring on
the crane which in turn shall have effective electrical connection with the bridge.

7.3 The crane bridge shall be earthed through the bridge travel runway rails on both sides
which in turn shall be earthed to owner’s earth ring located on the ground floor.

7.4 Further the power supply cable for the crane shall have an additional conductor for
earth connection. Both sides of this conductor shall be earthed.

7.5 All earth conductors shall be of aluminium.
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7.6 This size of earth conductor shall be equal to half the size of the power conductor
subject to a minimum size of 10 sq. mm.
8.0 CONTROL DESK / CONTROL STATION
8.1 The crane shall be controlled either from the floor by means of a pendant control station
or from bridge mounted control desk as indicated in the mechanical data sheet.
8.2 In either case, the units shall have the following control devices:
- Main off push button with padlocking arrangement.
- Indication lamps for supply ‘ON’
- Control push buttons, as specified in the mechanical data sheet.
- All other devices required for safe and proper operation of the crane / hoist.
8.3 All push buttons shall be momentary contact type, coloured as per IS: 6875 and have 1
NO and 1 NC contacts.
8.4 The bridge mounted control desk, where specified, shall be of totally enclosed and dust

tight construction. All controlling equipment shall be mounted on the top. It shall be
located at most convenient location to allow movement of the operator. The installation
shall be equipped with adjustable chair, fan, light and main isolating switch.

8.5 The pendant control station, where specified, shall be in a single enclosure and in totally
enclosed dust light execution. The unit shall be suspended and supported from the
bridge platform by flexible steel wire rope. The connection shall be made with a multi
core flexible copper conductor cable and shall have 20% spare cores. One core shall be
provided for earth connection of the circuit.

9.0 PAINTING

Enclosures of all electrical equipment shall be painted with two coats of epoxy based
primers after suitable pre-treatment. Two coats epoxy based paint of approved colour.

10.0 MAKE OF ELECTRICAL ITEMS

The make of the electrical items shall be as indicated elsewhere in the NIT.

11.0 TESTS AND INSPECTION

11.1 All equipment shall be routine tested as per relevant Indian Standard Specifications.

11.2 Additional tests, wherever specified, shall be carried out on one equipment of each
rating.

11.3 All the above mentioned tests shall be carried out in presence of owner's
representative.

114 The owner’s inspection shall, however, not absolve the vendor from his responsibility for

making good any defects which may be noticed subsequently.

115 Despatch of materials shall be subject to written consent of owner or his representative.
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12.0 INSTALLATION, TESTING AND COMMISSIONING
12.1 The vendor shall undertake installation of all electrical equipment in accordance with

latest code of practices, in conformity with recommendation of the respective equipment
manufacturer, drawings approved by the owner or owner’s representative, direction of
Engineer-in-charge, statutory regulations and to the entire satisfaction of the owner.

12.2 The vendor shall arrange all the necessary erection tools and tackles, testing and
measuring instruments and shall supply the required erection materials including
structural steel.

12.3 Following tests shall be specifically conducted before commissioning in presence of
owner’'s representative. All the test results shall be recorded and submitted to the
owner.

i) Insulation test.

i)  Continuity test.
iii)  High voltage test.
iv)  Simulation test.

13.0 DRAWINGS AND DOCUMENTS

13.1 Drawings and documents as per Annexure-l shall be supplied unless otherwise
specified.

13.2 All drawings and documents shall have the following description written boldly :

- Name of client

- Name of consultant

- Enquiry / Order Number with plant / project name
- Code No. and Description

14.0 SPARES

14.1 Spares for operation and maintenance
Item wise unit prices of spare parts with recommended quantity shall be quoted along
with the equipments as listed in Annexure-II.

14.2 Commissioning Spares

Commissioning spares, as required, shall be supplied with the main equipment. Item
wise list of recommended commissioning spares shall be furnished for approval.

14.3 Any other spare parts not specified, but required, shall also be quoted along with the
offer.

14.4 All spare parts shall be identical to the parts used in the equipments.

15.0 DEVIATIONS

15.1 Deviations, if any, from this standard shall be clearly indicated in the offer with
reasoning.
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ANNEXURE - 1|
DOCUMENTENTATION FOR ELECTRICALS FOR OVERHEAD CRANES & HOISTS
Documents Required (Y / N)
Sl. No. Description
With Bid For Approval Final

1. Specification sheet and technical Y Y Y
particulars completely filled in
Composite schematic diagram Y Y Y
Dimensional drawing showing the
mounting details and general
arrangement for the following equipment
a) Motors N Y Y

N Y Y

b)  Power control panel N Y Y
c)  Control station N Y Y
d)  Limit switches etc.

4. Down shop lead and power supply N Y Y
arrangement with civil scope.

5. Inter-connection with terminal diagram N Y Y
and cable details

6. Operating and maintenance instruction N N Y
manual
Catalogues of bought out items Y N Y
Test certificates N N Y

Note:

1.

4 hard copies & 1 soft copy shall be supplied with bid.

2. 4 hard copies & 1 soft copy shall be supplied for approval after order within 4 weeks from

3.

the date of LOI.

8 hard copies & 2 soft copies in pen drive shall be submitted as final documents prior to
despatch of the equipment. These shall be made in sets and supplied in fine plastic

coated folder.

Y - Yes, N -No
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ANNEXURE-I
LIST OF SPARES

12)
13)
14)
15)
16)

Bearings of each type & no.

Contactor coil of various ratings.

Complete set of contactor of each rating.
Moving & fixed contact blocks of contactors of each rating.
Limit switches of each type.

Push button elements.

Push button actuators.

Fuses of various ratings.

Fuse fittings of various ratings.

Indicating lamp fittings.

Indicating lamps.

Over load relays of various ranges.

Brake coils.

Set of carbon brushes in case of S.R. motors.
Set of resistors for S.R. motors.

Any special tools and tackles required for maintenance

i)  All the spare parts shall be identical to original parts.

i) The tenderer shall also quote for any other spares as deemed necessary to be kept
in stock for stipulated time.
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1.0
1.1

1.2

1.3

GENERAL

Scope

This specification covers the general requirements for design, manufacture, assembly,
inspection and testing at the vendor's works of high voltage indoor soft starters above 1100V
grade.

Data sheet

Along with the offer, Bidder shall submit the data sheet.

Codes and standards

The design, manufacture, testing and performance of soft starter panel shall comply with all
current statutes, regulations and safety codes in the locality where the equipment will be
installed.

Unless otherwise specified, the soft starter shall confirm to the relevant Indian, IEC or British

Standards. Nothing in this specification shall be construed to relieve the vendor of his
responsibility. The relevant Standards are:

1. IS: 2705 (1992) Current Transformers. (Part - | to 1V)

2. IS: 3156 (1992) Voltage Transformers. (Part - | to 1V)

3. IS: 1248 (1993) Direct acting indicating analogue electrical measuring
instruments and their accessories. (Part - | to IV)

4. IS: 13703 (1993) Low Voltage fuses for voltages not exceeding 1000V Ac.
(Part - 1and Il)

5. IS: 5578 (1985) Guide for marking of insulated conductors.

6. IS: 11353 (1985) Guide for uniform system of marking and identification of
conductors and apparatus terminals.

7. IS: 694 (1990) PVC insulated cables for working voltage upto and
including 1100V.

8. IS: 6875 (1973) Control switches for voltages upto and
including1000VAC and 1200V DC. (Part - | to IV)

9. IS: 3700 (1972) Essential ratings and characteristics of semi-conductor
devices.

10. IS: 4411 (1967) Codes of designation of semi-conductor devices.

11.  1S: 5469 (1969) Codes of practice for use of semi-conductor junction
devices.

12.  1S: 10482 (1983) Connectors for printed wiring board.

13.  IS: 12448 (1988) Basic testing procedures and measuring methods for
Electro-mechanical components for electronic
equipment.

14. 1S:12970 (1990) Semi-conductor devices — Integrated circuits.

15.  1S:13648 (1993) Power electronic capacitors.

16. IEC 297 Dimensions of panels and racks.

17. IEC352 Solderless wrapped connections.

18. IEC 446 Semi-conductor converters.

19. |IEEE 444 Protection standards for Thyristor converters.
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2.0 GENERAL TECHNICAL REQUIREMENTS
2.1 Design features

(1) The thyristorised starter shall be used for starting of large induction motors.

(2) The soft starter shall give an excellent voltage control during soft starts, smooth
steeples acceleration.

(3) The soft starter shall be used during starting for smooth and stepless acceleration
only. Once motor gains its full speed bypass vacuum contactor shall be operated to
bypass thyristors. The thyristor shall be short time rated (2 min.).

(4) The soft starter drive shall consist of the following.

- Isolation vacuum contactor.

- Bypass vacuum contactor.

- Thyristor unit.

- Motor protective devices.

- Indicating / Metering / Control circuits and accessories.
Cooling / ventilation equipments / accessories.

(5) Soft starter shall have following minimum in built protection and alarm, but not limited

to,

- Electronic over load.

- Line fault.

- Under voltage.

- Over voltage.

- Stall.

- Phase reversal.

- Open gate for thyristor.

- Over temperature for thyristor.
Over load for thyristor.

(6) Soft starter panel shall be provided with following indicating, metering and control

devices.

Motor starting / protection devices.

Selector switch — Auto / Manual.

Start / Stop push buttons for manual operation.

- Input voltmeter and ammeter.

- Meters to indicate power in MW.

- Current and potential transformers.

- Auxiliary relays.

- Audio-visual alarms / fault indicators.

- Alarm acknowledge / reset / test push buttons.

- Provision for wiring external sequential / process interlock / signals for starting
/ running / tripping.

- Terminals for remote control / indication.

- Space heater and ventilating fans / cooler, if required.

2.2 Performance requirement

Soft starter panel shall be designed for operation at design temperature of 46°C. Vendor shall
provide the necessary arrangement within the panel for satisfactory operation of soft starter.

2.3 Construction

(1) Soft starter panel shall be industrial type (Non-hazardous), totally enclosed, dust and
vermin proof, floor mounted, free standing cubicle type of construction confirming to
the degree of protection as specified in data sheet.
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3.0

3.1

3.2

3.3

(2) The panel cubicle shall comprise rigidly welded structural frame enclosed completely
by sheet steel of minimum 14 SWG (cold rolled) thickness, smooth finished, leveled
and free from flaws. All doors and removable covers shall be provided with neoprene
gasket all around to make the cubical dust and vermin proof.

(3) The panel shall be provided with bottom sheet steel plates of minimum 2mm thick.
Panel shall be fitted with removable gland plates of sufficient thickness at the bottom
of the panel for fixing cable glands for power and control cable termination. Sufficient
space shall be provided for termination of power cable sizes, as specified in data
sheet.

4) Louvers shall be provided at front, rear, top and bottom of the panel to decipate heat
developed inside.

(5) Degree of protection shall not be less than IP 4X.

(6) Panel shall be fitted with a label and serial number on the front and rear. In addition,
panel shall be fitted with a label indicating panel designation and rating. All devices
shall be provided with separate labels to indicate the function and also device
numbers as marked in wiring diagrams.

(7) Main equipment of the panel shall be accessible for maintenance from the front and
rear. All insulating material shall be flame resistant, non-hygroscopic and antitracking.

(8) All hardware’s used inside the panel shall be zinc passivated.

EQUIPMENT SPECIFICATIONS
HT Fuses

(1) High voltage fuses shall be of HRC link type for the 6.6 KV voltage and shall comply
with the requirements of relevant standards.

(2) The fuse link shall have a striker pin for indication and also for trip mechanism.

(3) It is vendor’s responsibility to precisely co-ordinate these fuses with contactors and
upstream protective devices in the same system and shall be adequately rated for
short circuit capacity.

(4) The type of fuse chosen by vendor shall subject to approval by the purchaser. Vendor
to furnish fuse prearcing time shall be furnished by along with the offer.

(5) Thyristor units shall be protected by fast acting semiconductor fuses

Vacuum contactors

(1) Vacuum contactors of adequate rating for the compressor motor starting at 6.6 kV
Voltage to match the bypass & isolation application and shall conform to relevant India
/ IEC standards.

(2) Vacuum contactor shall be provided with properly designed and co-ordinated HRC
fuses as mentioned in clause no. 3.1 above.

(3) AC or DC operating coil for the contactor shall be informed to vendor at later stage.
This operating coil shall be rated to operate satisfactorily between 80% and 110 % of
the rated voltage. The contactor shall not drop out, if the voltage drops to 70% of
rated voltage shall make arrangements to derive the auxiliary power, using necessary
control transformer, for operating the contactor.

4) The vacuum contactors shall have exclusively for Purchaser’s use minimum 1 NO & 1
NC auxiliary potential free contacts, rated for 10 amps, 240V AC and 0.5 Amp
(inductive breaking) 220V DC or as specified and shall be wired upto the terminal
blocks.

Instrument transformers

(1) The current transformers and Voltage transformers shall conform to the requirements
stipulated in relevant standards. It shall vendor’s responsibility to ensure adequate
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size of CT & VT

(2) The CTs & VTs shall be of cast resin type (insulation class “E” or better) and shall be
able to withstand the thermal and mechanical stress resulting from the maximum short
circuit and momentary current ratings of the switchgear.

(3) CTs shall have polarity mrks on each transformer and at the associated terminal block
Facility shall be provided for short-circuit and earthing the CT secondary at the
terminal blocks.

(4) VTs shall be protected on the primary side by limiting fused and by MCBs on
secondary side with 9KA interrupting ratings.

(5) The MCBs shall have min 1 NO + NC auxiliary potential free contacts, for
annunication and interlocks.

(6) CTs shall withstand specified system fault current for 1 sec.

3.4 Measuring and recording instruments

(1) Microprocessor based measuring and recording instruments shall be provided. The
unit shall have RS-485 port at the output for serial communication.

(2) These instruments shall be standalone type, shall be configurable and shall be
compatible with higher level computer.

(3) The instrument shall be rectangular in shape and not greater than 150mm (W) x
150mm (H). The accuracy class shall be as per IS or international standards.

3.5 Control wiring and terminals

(1) Feeders for Control (DC) / Auxiliary supply shall be provided at one point of the panel
and voltage level shall be as specified in data sheet. Terminals to receive AC/DC
control and auxiliary power shall be provided in cubicle and the terminals shall
adequately rated (min. 20A).

(2) Adequate rated 2 pole MCBs shall be provided for each of the AC/DC control circuits.

(3) Internal wiring shall be done with 650V grade PVC insulated, stranded copper
conductor of minimum size 2.5mm2 size.

(4) Separate colour coding shall be used for AC / DC control and power circuits and earth
wire.

(5) All incoming and outgoing and control wire connection shall be wired to adequately
rated (min.20A), elmex type terminal blocks about 20% spare terminals shall be
provided in cubicle. All terminals shall be easily accessible.

(6) All wire shall be bunched together and routed through wire ways inside cubicle.

(7) Separate schematics, wiring diagrams and termination schedule for external and
internal cable/wire connections shall be furnished by the vendor. External connections
shall include Purchaser’s remote equipment, which will be furnished by Purchaser to
the successful vendor.

(8) Low watt consumption LED type indicating lamps shall be provided.

(9) All wires, terminals and all other devices shall be provided with appropriate ferrules to
correspond with wiring diagrams, for circuit identifications Termination lugs to be
provided wherever necessary.

4.0 EARTHING

(1) An earth bus having cross section as specified in data sheet A shall be provided and
extended through the length of the panel. All electrical equipment shall be connected
to this earth bus.

(2) Suitable clamp type terminals with hardware at each end of the panel shall be
provided to suit the size of the OWNER’s earthing conductor of size 75 x 10 mm Gl

(3) Hinged doors shall be earthed through flexible copper brand of adequate size paint at
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earthing points shall be removed for proper contact star washers for door earthing are
not acceptable.
(4) Bolted joints, splices, taps. etc to the earth bus shall be with at least two bolts

5.0 NAME PLATES AND RATING PLATES
5.1 Name plate

(1) Nameplate with engraved letters shall be provided for both front and rear side of panel
function of every instrument, relay fuse etc shall be indicated by labels fixed near each
device.

(2) Non-corrosive name plates shall be manufactured in anodized aluminium sheet and
the letters shall be engraved on black lettering on white background. The name
plates/labels shall be held in position by self-tapping screws.

(3) All devices mounted inside the cubicle and instruments etc., shall be identified by
marking the device numbers inside cubicle as per the wiring drawing.

5.2 Rating plates

(1) The panel shall have a rating plate fixed to the non-removable part of the enclosure.

(2) All electrical equipment like VTs, CTs, etc and all other electrical devices shall be
provided with rating plate made of stainless steel which can be easily seen.

(3) The rating plates shall give all the relevant information as specified in relevant
standards.

(4) Danger boards, caution boards, operating instruction plates, shall be fixed to panel as
per the standard engineering practice and regulations.

6.0 ACCESSORIES
6.1 Heater

Soft starter panel shall be equipped with space heaters to prevent moisture condensation
within the enclosure and shall be suitable for continuous operation on 240V, 1 phase, 50 Hz
AC supply. The space heaters shall be controlled through thermostats. Supply for motor
space heater shall be brought to separate terminals in respective cubicle.

6.2 Cooling
Soft starter panel shall be provided with necessary ventilation / cooling equipment’s for
smooth operation of soft starter at given design temperature.

6.3 Plug Point

A 240V, 1 phase, 50Hz AC plug point shall be provided in the interior of each cubicle with an
on-off switch.

7.0 PAINTING

(1) Oil grease, dirt and rust from the sheet steelwork shall be thoroughly Cleaned and
removed. Rust and scale shall be removes by picking process with dilute acid and
alkaline solution. Phospating and thorough rinsing with clear water followed by final
rinsing with dilute dichromate solution and oven drying shall follow this.

(2) The under surface shall he prepared by applying a coat of phosphate paint and coat
of yellow zinc chromote primer. The under surface shall be made free from all
imperfections before under taking the finishing coat.
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(3) After application of Primer, two coats of finish epoxy paint shall be applied with each

coat followed be stowing. The colour shade for the finish paint shall be shade 631
(Light Gray) as per IS 5, unless otherwise specified.

8.0 INSPECTION AND TESTS

(1) Routine tests shall be carried out at works in the presence of OWNER/PMC/
CONTRACTOR/Third party inspector as per relevant IS / IEC Standards.

(2) Vendor shall furnish type and routine test certificates for all bought out components for
the panel, as per relevant standards.

(3) Test certificates for type test carried out on similar equipment of identical design, if
available, shall be submitted along with the offer.

9.0 INFORMATION REQUIRED BY PURCHASER FROM THE BIDDER

The vendor shall submit with his offer following information: -

(1) Full technical description and performance details of the equipment accessories and
components offered including heat losses for all components in kW.

Overall dimensions and shipping dimensions and weight.

Deviation taken by the vendor from the requirements of this specification.

Guaranteed technical particulars.

Man-day rates for commissioning supervision.

— N N ~—

(2
(3
4
(5
10.0 MISCELLANEOUS

Each panel shall be provided with the following

(1) Two sets of clearly identifiable key for all panel-locking devices.

(2) Complete set of special tools and equipment for installation maintenance and testing
of each panel.
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VARIABLE FREQUENCY AC DRIVE
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1.0 SCOPE
1.1 The scope of this specification is to define the minimum technical requirements for the

design, manufacture, testing and supply of High Voltage, AC Variable Frequency Drive
system. The VFD system shall be complete with Squirrel Cage Induction Motor,
Converter, Converter input transformer, drive output transformer, DC link reactor with
associated auxiliaries, harmonic filters and field mounted local motor control panel.

1.2 The vendor shall be responsible for engineering and functioning of the complete system,
meeting the intent and requirement of this specification. This shall include but not be
limited to inverter sizing, transformer sizing, transformer impedance selection, vector
group, input and output harmonic filter design and sizing, output dv/dt filter sizing, motor
cable selection and motor sizing/selection.

1.3 This specification applies to drives connected to line voltage up to 1000 V AC for MV
VFD.
1.4 This specification applies to drive systems having converter input voltage above 1000 V

AC and up to and including 11000V AC for HV VFD.

2.0 CODES AND STANDARDS
2.1 The equipment shall comply with the requirements of latest revision of the following
standards issued by BIS, unless otherwise specified:
IS: 325 Three-phase Induction Motors
IS: 3700 Essential Ratings and Characteristics of Semiconductor Devices
IS: 3715 Letter symbols for semi-conducting devices
IS: 4411 Code of designation of semi-conducting devices
IS: 5001 Guide for preparation of drawings of semiconductor devices and
Integrated Circuits
IS: 5469 Code of practice for the use of semiconductor Junction Devices
IS: 14901 Semi-conductor devices- Discrete devices & Integrated Circuits
IS: 15880 Three Phase Cage Induction motors when fed from IGBT Converters
Application Guide
IS: 8789 Values of Performance characteristics for Three Phase induction
motor
IS: 12615 Energy Efficient Induction Motors - Three Phase Squirrel Cage
IS/IEC: 60947 Low Voltage Switchgear and Control gear
IS: 12729 Common specification for High-Voltage Switchgear and Control gear
standards

IEC: 60 146-1-3 Semiconductor Convertors general requirements and line commutated
convertors-Transformer & reactors

IEC: 61800 Adjustable speed electrical power drive systems

IEEE: 519 Recommended Practices and requirements for Harmonics Control in
Electrical power system
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2.2 In case of imported equipment, standards of the country of origin shall be applicable, if

these standards are equivalent or stringent than the applicable Indian standards.

2.3 The equipment shall also conform to the provisions of Indian Electricity rules and other
statutory regulations currently in force in the country.

24 In case Indian standards are not available for any equipment, standards issued by
IEC/BSNDE/IEEE/NEMA or equivalent agency shall be applicable.

2.5 In case of any contradiction between various referred standards/specifications and
statutory regulations the following order of priority shall govern:

- Statutory regulations
- Specification
- Codes and standards

3.0 GENERAL REQUIREMENTS

3.1 The offered equipment shall be brand new with state of art technology and proven field
track record. No prototype equipment shall be offered.

3.2 Vendor shall ensure availability of spare parts and maintenance support services for the
offered equipment for at least 15 years from the date of supply

3.3 Vendor shall give a notice of at least one year to the end user of equipment before
phasing out the product/spares to enable the end user for placement of order for spares
and services.

3.4 The vendor shall be responsible for design, engineering and manufacturing of the
complete VFD system to fully meet the intent and requirements of this specification.

3.5 Vendor shall ensure proper co-ordination with the driven equipment supplier in
selection/sizing of offered variable frequency drive system.

3.6 The VFD drive shall consist of the following:-
(a) Incomer

(b) By pass

(b) Power module

(c) Transistorised Inverter Unit

(d) Motor protective devices

(e) Indicating/metering/control circuits and accessories

3.7 The VFD drive shall be provided as a complete package and shall be controlled from
three different locations viz., (a) VFD panel (b) Local operator panel and (c) D.C.S.

A four position lockable selector switch shall be provided on the VFD panel for selecting
operation from VFD panel/local operator panel/DCS/STOP position.

3.8 Local operator panel shall be suitable for outdoor installation with degree of protection for
enclosure IP-55 and provided with the following:-

(a) START/STOP push buttons
(b) RAISE/LOWER push buttons/potentiometer for speed variation
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3.9

3.10

3.11
3.12

(c) ON/OFF/TRIP indicating lamps
(d) Speed Indicator

(e) Ammeter

VFD panel shall be provided with the following:-
a) Standard options (to be stated by vendor)
b) Incomer
c) By pass
d) Power module

f) AC reactor

g) Motor starting/protective devices
h) Selector switch (4 position)

i) START/STOP P.B.

(i) Speed controller

(
(
(
(
(e) Transistor inverter unit
(
(
(
(

k) Input voltmeter and ammeter
[) Output KW meter/Ammeter and frequency meter
m) Instrument, current, potential and control transformers

n) Auxiliary relays

(
(
(
(n)
(o) Audio-visual alarms/fault indicators
(p) Alarm acknowledge/reset/test PBs.

(q) Provision for wiring external sequential/process interlocks/signals for
(r) starting/running/tripping.

(s) Terminals for remote control/indication

(

t) Space heater and ventilating fans, if required.

Besides VFD panel shall include the following operating adjustments:-
(a) Acceleration and deceleration time-range in seconds.
(b) Current limit-range in percent of rated output current.
(c) Maximum and minimum frequency range in Hertz.
(d) Volts/Hertz ratio

(e) Voltage boost ratio in percentage.

(f) Starting torque setting adjustment.

(g) Starting current setting adjustment

Vendor shall propose setting ranges consistent with the operating conditions required.

Motor winding temperature detectors shall be monitored on VFD panel.
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4.0 SITE CONDITIONS
4.1 The AC drive system shall be designed to operate under specified site conditions. If not

specifically mentioned therein, a design ambient temperature of 50°C. and an altitude not
exceeding 1000 metres above mean sea level shall be considered.

4.2 The AC drive shall be installed indoors in a non-hazardous, air-conditioned room.
Transformer installation (outdoor / indoor) shall be as indicated in design philosophy.
Motor shall be installed outdoors in safe or hazardous area as specified.

4.3 All the equipment shall be designed for continuous duty as per nameplate rating under the
specified ambient conditions.

5.0 DESIGN AND FABRICATION REQUIEMENTS
5.1 Performance Requirement
5.1.1 The unit shall be capable of proper operation for voltage variations of +10%, frequency

variations of +5%, and combined variations of £10%. Besides, the VFD unit shall be able
to ride through voltage dips down to 80% of nominal, such as those experienced during
motor starting. Also VFD shall be capable of riding through voltage outages of minimum 2
seconds duration.

51.2 Regulation of output voltage shall not be more than +2% under steady state and +8%
under transient conditions.

51.3 Maximum drift in set frequency shall be +0.1%. The unit should be able to hold a set
speed, regardless of load torque variations.

514 The unit shall be suitable for 150% overload capacity for one minute.
5.1.5 The maximum noise level of the unit shall not exceed 85 dB(A) at a distance of 1 meter.
5.1.6 The unit shall have independently adjustable/automatic load dependent voltage boost at

low end of frequency. There should not be any torque fluctuations at low speed.

51.7 The system shall be energy efficient, designed as standard product and shall provide very
high reliability, high power factor, low harmonic distortion and low vibration/ wear / noise.
It shall be easy to install in minimum time and expense and no special tools shall be
required for routine maintenance.

518 The system shall be designed to deliver the motor input current and torque for the
complete speed torque characteristics of the driven equipment, with input supply variation
of +10% and frequency variation of £3%. The system shall be suitable for the load
characteristics and the operational duty of the driven equipment. It shall be capable of
withstanding the thermal and dynamic stresses and the transient mechanical torque,
resulting from short-circuit.

51.9 The drive system shall be designed to operate in one or more of the following operating
modes as to suit characteristics of the driven equipment:

a. Variable torque changing as a function of speed i.e. Speed squared
b. Constant torque over a specific speed range

FORM NO: 02-0000-0021 F2 REV4 All rights reserved



& HORTON SPHERE ALONG WITH ITS PC281-NFL-N/E-1/P-IV7.0] 0 3
W amw || REFRIGERATION SYSTEM AT NFL, NANGAL DOCUMENT NO. REV. | W&
PDIL \

TECHNICAL SPECIFICATION - HEET 7 OF 2 Wl U U3
VARIABLE FREQUENCY DRIVE (TS-8302) SHEET 7 OF 20  NFL]
C. Constant power over a specific speed range where the torque decreases when speed
Increases
d. Any other as specified

5.1.10 The drive controller shall be equipped with microprocessor based digital regulator with
programmable functions. The power control regulator logic shall provide for an
acceleration/deceleration current limit curve and shall be capable of field adjustments
without shutting the system down. Linear acceleration and deceleration shall be
separately programmable from 0.1 to 20 seconds.

5.1.11 The MV VFD System shall be suitable for single quadrant operation and the speed
variation shall be with range 1:100 with speed set accuracy of +1% of rated maximum
speed and steady state regulation of +0.5% of rated speed.

5.1.12 The HV VFD System shall be suitable for single quadrant operation and the speed
variation shall be with range 10-100 % with speed set accuracy of +1% of rated maximum
speed and steady state regulation of £0.5% of rated speed.

5.1.13 The total harmonic distortion (THD) of the voltage and current at inverter output shall be
as per IEC 61800 and same shall be considered in the design of the motor. The dv/dt
limits & Vpeak shall also be as per IEC-61800-2.

5.1.14 Harmonics at the supply side of the drive system at primary of the main input transformer
shall be restricted within the maximum allowable levels of current and voltage distortion
as per recommendations in the latest edition of IEEE-519. The vendor shall perform
design calculation for harmonic filter system considering VFD connected to the power
system and including the supply of harmonic filters along with all accessories. These
harmonic studies shall be conducted with maximum and minimum system fault level,
cable capacitance, system equipment reactance etc. The studies shall highlight but not be
limited to maximum load current, expected resonant frequencies, need of harmonic filters,
sequence of switching of filters, voltage wave form, rating of equipments/ feeder for
feeding filters etc.

5.1.15 Unless otherwise specified, the overload capacity of the controller shall be 150% of rated
current of motor for one minute for constant torque applications, and 110% of rated
current for one minute for variable torque applications at rated voltage. If the motor load
exceeds the limit, the drive shall automatically reduce the frequency and voltage to the
motor to guard against overload. If load demands exceed the current limit for more than 1
minute, the drive shall shutdown to prevent over heating of the motor and damage to the
drive.

5.1.16 During operation, the system shall be capable of developing sufficient torque under all
load conditions to respond to a 20% alteration in speed set point within a time limit upto
60 seconds.

5.1.17 The integrator action of the speed set point alteration shall be independently adjustable
for both an upward and a downward alteration. The minimum time interval between set
point adjustments by the distributed control system shall be considered as 10 seconds.

5.1.18 The drive shall trip in case the speed exceeds 105%o0f the maximum operational speed or
reduces to 95% of the minimum operational speed for more than 10 seconds.

5.1.19 Maximum noise level from the drive at 1-meter distance, under rated load with all normal
cooling fans operating shall not exceed 85 dBA.
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5.1.20 Variable frequency drive shall be arranged so that it can be operated in an open circuit
mode, disconnected from the motor for start up adjustments and troubleshooting/
maintenance.

5.1.21 Voltage at motor neutral shall be maintained at ground potential for the total operating
condition.

5.2 Control Requirement

5.2.1 The system shall operate on constant V/f supply with required voltage boost capability in

low frequency mode of operation.

522 Short time voltage dips up to 20% of nominal voltage (e.g. in case of a large motor start
up connected to the same bus as VFD) shall not cause the control system to stop
functioning and shall not trip the drive system.

5.2.3 The system shall also be equipped with a momentary powerloss ride through feature
which will restart the system in case of voltage dip over 20% or power interruptions for
less than 2 seconds, with recovery of the voltage to its nominal value .. The drive shall
have the facility to block this feature, if required by the operator. Upon restart, the
converter shall be capable of synchronizing onto a rotating motor and develop full
acceleration torque within 10 seconds.

524 The system shall be suitable for number of starts as per attached specification for
High/Medium Voltage Motors.

525 The power controller shall be controlled to always start the motor in the forward direction.
Logic shall be provided to prevent the motor from being started in the reverse direction.

5.2.6 The drive motor shall be speed controlled corresponding to 4-20mA or 0-10 V reference
input signal. Upon complete loss of the user's speed reference signal, the drive shall
automatically run at constant speed as at 80-100% of the last speed reference available
prior to the loss of signal.

5.2.7 It shall be possible to vary the speed of the drive in either manual or auto mode.
Auto/Manual selection shall be from VFD panel unless otherwise specified.

a. With the selector switch in "manual" mode, the operator shall be able to set the speed
through key pad (mounted on front of the drive panel) or from speed increase/decrease
push buttons (from the field). Motor operated potentiometer shall be provided as a speed
set point device.

b. With the selector switch in "auto" mode, speed of the motor shall be controlled from a 4-
20 mA signal, from owner's PLC/DCS (Process Control) system. Necessary equipment
required for interfacing with PLC/DCS shall also be provided in the VFD panel.

c. Local/Remote selector switch shall be provided in local control station (in Field). With the
selector switch in "Local" mode, the operator shall be able to start and set the speed
through local control station (in Field). With the selector switch in "Remote" mode, speed
of the motor shall be controlled either from VFD panel or from Owner's PLC/DCS as
explained in a) and b) above.

5.2.8 The required provision for the interface with remote PLC/DCS located at control room
shall be either through hardwired connection (with potential free contacts and transducers
as described elsewhere in this specification) or through serial communication link.
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5.2.9 Drive system shall have provision for interface with upper level automation such as

Substation monitoring system or electrical control system.

5.2.10 The closed loop control feedback for the drive system having output transformer shall be
tapped from the secondary side of the output transformer.

53 Panel Construction

5.3.1 For MV VFD: The panel shall include suitable isolating device (i.e. Circuit breaker/MCCB/
Switch fuse) for main supply, contactors, semi conducting power devices (Diodes / IGBT)
modules with protective devices, reactors, filters, output isolating device, control circuit,
control accessories, indication and annunciation etc.

Main isolating device shall function as a manual disconnect and shall be an AC thermal
magnetic circuit breaker or a fused switch with dual element fuse to trip automatically on
fault currents. Devices shall be lockable in the open position and shall have a minimum
interrupting capacity. Interlock shall be provided between the door, so that door cannot be
opened unless the breaker/switch is open.

5.3.2 For HV VED: The panel shall include suitable semi conducting power devices
(Diodes/IGBT/IGCT/ IEGT/SGCT) modules with protective devices, reactors (if required),
filters, control circuit, control accessories, indication and annunciation etc. The
construction of the panel shall provide effective protection against electromagnetic
emissions and shall meet the design requirement of relevant standards.

Upstream breaker 'ON/OFF/TRIP' indications and remote breaker closing and trip push
buttons shall be provided on the front door.

5.3.3 Safety Interlock shall be provided so that power cabinet can't be opened unless the
upstream breaker is disconnected, safety-grounding switch is closed and DC link
capacitor is discharged. Power source breaker can only be closed once the earthing
switch is open and panel door is closed with lock defeat facility.

534 The drive shall be suitably housed in sheet steel panels and shall be fabricated using cold
rolled sheet steel. The sheet steel used for the panel shall be of minimum 2 mm CRCA.
The panel shall be suitable for indoor installation, if not otherwise specified. The panel
shall be free standing with degree of enclosure protection as IP-31. Maximum and
minimum operating height shall be 1800 mm and 300 mm respectively.

5.3.5 Bolted un-drilled gland plate shall be provided at bottom. Clamp type terminals shall be
used for connection of all wires up to 10 mm?, and terminal for higher sizes shall be bolted
type suitable for cable lugs. Minimum space for power cable termination shall be 300mm
clear for MV & 600mm clear from HV from bottom of the cable gland plate.

5.3.6 Bus bars shall be of electrolytic copper/aluminium, sleeved, color coded separately for AC
and DC system. All the live parts shall be sleeved / shrouded to ensure complete safety to
personnel intending to carry out routine inspection by opening the panel doors. All the
equipment inside the panel and on the doors shall be provided with suitable nameplate.
All wires shall be ferruled and terminals shall be properly numbered, minimum 20% spare
terminals shall be provided.

5.3.7 All the power & control switches, component and accessories which are essential for
normal and emergency operation shall preferably be mounted on the door and shall be
operable externally. All the analogue instruments, where provided, shall be switchboard
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type, back connected & of size 96x96mm. Scale shall have red mark indicating maximum
permissible operating rating.

5.3.8 Each panel shall be provided with illuminating lamp/11 W CFL with switch and fuse.
5/15A, 240V power socket with switch and fuse shall be provided. Each panel shall have
space heater with switch fuse and variable setting thermostat.

5.3.9 Copper earth bus of min. 30x6 sq.mm. upto short circuit withstand capacity of 31.5kA and
50x6 sq.mm. for a short circuit withstand capacity above 31.5kA shall be provided in the
panel with provision for connection to plant earth grid. All the non-metallic
components/parts shall be connected to the main earth bus bar. Separate earth bus bar
and stud for electronic control system if required shall be provided.

5.3.10 All panels shall be of same height so as to form a uniform line-up, to give good aesthetic
appearance.

5.3.11 All the control wiring shall be enclosed in plastic/ metal channel. Each wire shall be
identified at both ends by self-sticking wire marker tapes or PVC ferrules. Power and
control wiring inside the panel shall be done with BIS approved, PVC insulated, fire
retardant, low smoke, copper conductor wire 1.5mm? size wire shall normally be used
provided the control fuse rating is 10 Amps or less and 2.5 mm? size for control fuse
rating above 16 A for electrical circuits and 0.5mm? for electronic circuits. All wires shall
be ferruled and terminals shall be properly numbered, minimum 20% spare terminals shall
be provided.

5.3.12 All electronic modules and components shall be accessible from front of panel only.
Modular assemblies for both the system control electronic equipments and power
electronic equipments shall be used.

5.3.13 Low voltage compartment and cabling shall be electrically and physically separated from
the high voltage compartment.

5.3.14 DC link capacitor and pre-charging & discharging circuit shall be preferably mounted in
the rear of the panel.

5.3.15 Suitable eyebolts/ lifting clamps/ strap & cradle arrangement shall be provided for lifting of
the panel/shipping section. The bolts, when removed shall not leave any opening in the
panel.

5.3.16 Acrylic type transparent insulating material shall be used for covering live components.

5.3.17 Drive keypad, operator control panel required for control, monitoring and measurements
shall be supplied and installed outside the panel on the front door. It shall be accessible
for operation without opening the front door and shall be non-removable type.

5.3.18 All equipment shall be complete with cable glands, lugs etc. and cable glands shall be
single or double compression type for indoor and outdoor equipment respectively. Cable
glands shall also be suitable for the hazardous area application.

5.4 Cooling

54.1 For MV Drive: Cooling system shall include well-dimensioned panel, adequate cooling
airflow path, module cooling fan and if necessary, panel cooling fan. Vendor shall ensure
that the panel dimensions and flow paths have been designed for continuous running at
the specified ambient without overheating. For fan cooled drives, redundant ventilating

FORM NO: 02-0000-0021 F2 REV4 All rights reserved




& HORTON SPHERE ALONG WITH ITS PC281-NFL-N/E-1/P-IV7.0] 0 3
W amw || REFRIGERATION SYSTEM AT NFL, NANGAL DOCUMENT NO. REV. | W&
PDIL \

TECHNICAL SPECIFICATION - W LA
VARIABLE FREQUENCY DRIVE (TS-8302) SHEETATOF 20 (NFL

fans (N+1) shall be provided. Necessary starters shall be provided within the VFD panels
for these fans. In case redundant cooling fan is not possible to be mounted, same shall be
supplied loose.

54.2 For HV Drive: The drive panel shall be naturally cooled or water cooled type as per
manufacturer's standards. However, it is preferred to have natural air cooled system. If
unavoidable, forced type-cooling system shall be provided. Cooling system shall include
well-dimensioned panel, adequate cooling airflow path, modular cooling fan and if
necessary, panel cooling fan or water-cooling system shall be considered. Vendor shall
ensure that the panel dimensions and flow paths have been designed for continuous
running at the specified ambient without overheating. For fan cooled drives, redundant
ventilating fans (N+ 1) shall be provided. In case redundant cooling fan is not possible to
be mounted in the panel, same shall be supplied loose.

For water-cooled drives, entire cooling system including but not limited to heat exchanger,
flow and pressure meters and pumps shall be in vendor's scope. The system shall be
provided with closed circuit water cooling system, requiring only make up water required
for topping up. The cooling water pumps, in case provided, shall have 100% redundancy.
Water quality/characteristics shall be as defined and selected cooling water system
components/material shall be suitable for the same. Adequate safety measures shall be
incorporated in water cooled drives such that no leakage is there which results in
malfunctioning of electronic devices. Proper segregation between water cooling system
and other equipment shall be provided. It is preferred that cooling cabinet panel shall be
separated from the main panels.

Necessary starters shall be provided within the VFD panels for the Ventilation fans,
Cooling Water circulation pumps, any other auxiliary motor etc. The system provided shall
be interfaced with drive starting and shutdown so that safety interlocks such as start
permit from cooling system to drive and trip signal from cooling system to drive in case of
cooling system failure etc., are incorporated in the overall sequence logic.

543 MCB for motor space heater, auxiliary power supply if required for local panel, drive panel
space heater etc. shall be included and mounted in easy accessible location.

5.5 Equipment/ Component Specification

5.5.1 Motor
The motor shall be designed, constructed and tested in accordance with the latest
revision of Specification for Medium/High Voltage Induction Motor, in addition to the

following requirements:

a. The motor shall be suitable for operation with a solid-state power supply consisting of an
adjustable frequency inverter for speed control.

b. The motor shall be suitable for the current waveforms produced by the power supply
including the harmonics generated by the drive.

c. The motor shall be designed to operate continuously at any speed over the range (10-
100%) of rated speed.

d. The permitted voltage variation should take into account the steady state voltage drop
across the AC drive and all other system components upstream of the motor.
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e. The motors shall be provided with Class 'F' insulation with temperature rise limited to
Class 'B’.

f. Motors required to be transferred to DOL by-pass mode shall be rated for specified
variations in system line voltage and frequency. Starting current of motor in DOL bypass
mode shall be limited to value specified in motor specifications.

g. The motor shall be constructed to withstand torque pulsations resulting from harmonics
generated by the solid-state power supply.

h. The motor insulation shall be designed to accept the applied voltage waveform, within the
Vpeak and dv/dt limits as per IEC-61800-2 for MV / IEC-61800-4 for HV and necessary
co-ordination between the VFD manufacturer & motor manufacturer w.r.t. incorporation of
VFD output parameter in the design of motor shall be carried out.

i. The drive manufacturer shall be solely responsible for proper selection of the motor for
the given load application and the output characteristics of the drive.

j. MV Motors shall be provided with thermistor type temperature detector & HV Motors shall
be provided with Resistance Temperature Detectors (RTDs).

k. Induced voltage at the shaft end of the motor at no load shall not exceed 250 mV rms for
roller and ball bearings and 400 mV for sleeve bearings. The non driving end bearing
shall be insulated from the motor frame to avoid circulating current. The insulated bearing
end shield or pedestal shall bear a prominent warning.

5.5.2 Converter Transformer/ Output transformer

For MV System

The converter transformer shall be suitable for use with the variable frequency drive
system. The impedances of transformers with two secondary windings for 12 pulse
systems shall be selected to ensure equal load/current sharing between the two
secondary windings, the converters and the motor windings under all operational
conditions including starting and restarting. The transformer shall be provided with + 5%
off circuit taps in steps of + 2.5%.

For HV System

a. The converter transformer shall be dry type or oil filled type. In case of the dry type
transformer, it shall be mounted in the drive system panel. Offered transformer shall be
as per enclosed Specifications.

b. The impedances of converter input transformers with more than one secondary windings
for 12/18/24/36 pulse systems shall be selected to ensure equal load/current sharing
between the secondary windings, the converters and the motor windings under all
operational conditions including starting and restarting.

c. Drive out put transformer considered only for the purpose of meeting standard rated

motor voltage i.e. 3300, 6600V, 11000V shall not be provided unless otherwise agreed
between purchaser and the manufacturer.
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5.5.3 Power Converter

a. The static power converter shall consist of a line side power converter for operation as a
rectifier and a load side power converter for operation as a fully controlled inverter. Power
converter shall be fast switching, most efficient and low loss type.

b. Normally, for all output short circuits, the inverter shall interrupt the current before any
semi-conductor fuse blows. For internal short circuits, semi-conductor fuse protection
shall be provided, and for faults upstream of semi-conductor fuses, the converter shall be
able to withstand a three-phase short circuit current until interrupted by normal breaker
operation. In case of fuseless design, the failure shall be limited to the particular device,
without causing any damage to other parts of the power module. There must be clear
annunciation of the failure of the device.

c. Adequate short circuit and over voltage protection shall be provided for the converter and
inverter system.

d. All power converter devices shall include protective devices, snubber networks and dv/dt
networks as required.

e. The current rating of the converter's semi-conductor components shall not be less than
120% of the nominal current flowing through the elements at full load of the VFD through
the entire speed range.

f. All power diodes shall be of silicon type with minimum Vg rating as 2.5 times the rated
operating voltage.

g. The power converter circuit shall be designed so that motor can be powered at its full
nameplate rating continuously without exceeding its rated temperature rise due to
harmonic currents generated by the inverter operation.

h. The conversion devices and associated heat sinks shall be assembled such that
individual devices can be replaced without requiring the use of any special
precautions/tools.

i. The cooling system of the electronic components, if provided, shall be monitored and
necessary alarms shall be provided to prevent any consequential damage to the power
control devices.

j- Offered system shall also take into account the distance between Drive panel and motor
and system shall include all material and accessories to make system suitable for a
distance of 350m.

k. All the power transistors, thyristors and diodes shall be protected with high-speed
semiconductor grade fuse. I*t particulars of the power controller devices and the fuses
shall be properly co-ordinated for the selection of fuses.

5.5.4 DC Link Reactor
a. Smoothing reactors for the DC link shall be designed to sufficiently decouple the rectifier
and inverter portion of the converter and to limit fault currents in this circuit. AC line

reactors, if provided as per standard vendor design in MV system, shall be suitable for
harmonic suppression and fault current limitation.
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b. Unless otherwise specified, the reactor shall be air-cooled or fan cooled type located
within the panel. In case of fan cooled type, operation of fans shall be monitored.

c. Reactor shall be suitable for operation with the non-sinusoidal current wave shapes and
DC components under all operational conditions of the system without exceeding its
temperature limits.

5.5.5 Output Filter

VFD output current waveform should be inherently sinusoidal at all speeds, with harmonic
limits as specified in this specification. Output filter shall be provided, if required. Output
filter capacitors shall be provided with discharge circuits to ensure that all residual stored
charge is reduced to less than 50 V DC within 60 seconds for MV system & 300 seconds
for HV System after a loss of AC voltage. All capacitor shall be maintenance-free and self-
healing type. The VFD system shall inherently protect motor from high voltage dv/dt
stress, independent of cable length to motor. Output filter shall be an integral part of the
VFD system and included within the VFD enclosure.

5.5.6 Bypass Feature

MV System:

5.5.6.1  Output contactor/Load Break Switch shall be provided for isolation between the output of
the controller and the motor for VFD systems with Bypass feature.

5.5.6.2 Bypass feature shall be provided. Accordingly Bypass feature with Bypass starter shall
meet the following requirements:-

Bypass starter shall comprise of switch-fuse, contactor, bimetal relay meeting the
requirements of Type-2 coordination as per IS/IEC-60947. CBCT and ELR shall be
provided for motors rated above 22kW & up to 55kW. Heavy duty starters shall be
provided with saturable type current transformer operated overload relay only, which shall
be suitable for motor starting time of 15-60 seconds. For motors rated above 55kW, MCCB
and motor protection relay along with necessary metering shall be provided and for motors
rated above 75kW and above, ACB and motor protection relay along with necessary
metering shall be provided.

Bypass starter shall be in separate compartment and it shall be possible to isolate and
maintain the VFD while drive motor runs in Bypass mode. Three contactors / breakers
shall be used for this purpose, one contactor in the bypass and two contactors across the
drive, such that in case of drive mal-operation, the motor could be taken on bypass control,
while the drive could be attended by opening its contactors. Suitable interlock shall be
provided such that bypass mode and VFD mode shall not operate simultaneously.

HV System:

a. Bypass feature along with motor protection relay and output side breaker shall be
provided. All necessary interlocks as required for safe and reliable operation of VFD
system along with bypass feeder and output side breaker shall be provided in VFD
system.

b. Bypass starter shall be in separate compartment and switching scheme shall be such that
in case of drive mal-operation, the motor could be taken on bypass control manually,
while the drive could be attended independently. Suitable interlock shall be provided such

that bypass mode and VFD mode shall not operate simultaneously.
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5.5.7 Local Motor Control Station

a. The local motor control station, to be installed in the field near the motor shall conform to
the attached specifications. Components and accessories that are required in the local
motor control station may be mounted on the local field mounted panel envisaged for the
driven equipment.

b. Meters in the local control station shall be suitable for 4-20mA transducer outputs and
shall be calibrated for the actual motor current. Further, for drives with bypass facility, the
meters shall be capable of reading bypass mode full load and starting currents as well as
the VFD mode drive current.

5.6 Protection, Control, Metering, Indication and Annunciation

5.6.1 The system vendor shall provide all the necessary system control, protection, alarm and
metering equipment for the entire drive system and its auxiliary equipment.

5.6.2 Automatic sequence control shall include start-up of cooling system, auxiliary system of
the motor, interlock checking, automatic start and run-up of drive, planned and emergency
shutdown. The same shall be processed through microprocessor-based system.

5.6.3 Operator Control Panel

a. Each drive shall be equipped with a front mounted operator control console consisting of
a backlit alphanumeric display and a keypad with keys for parameterization and adjusting
parameter which shall not be limited to Start/Stop, Local/Remote, Auto/Manual,
Increase/Decrease, menu navigation and protection and measurement parameter
selection, etc.

b. All parameter names, fault messages, warnings and other information shall be displayed
in complete English words or standard English abbreviations to allow the user to
understand the display without the use of a manual or cross-reference table. This shall
also be used for the modification of all electrical values, configuration parameters, drive
menu parameters, application and activity function access, faults, local control,
adjustment storage, self test and diagnostics. Keypad shall be operable with password for
changing the protection setting, safety interlock etc. However, the parameters such as
measurements, setting, mode of drive etc. shall be allowed to be viewed without any
password.

c. Operator console shall have facility/ port to connect external hardware such as Laptop
etc. Console shall have facility to upload and download all parameter settings from one
drive to another identical drive for start-up and operation.

d. Drive system control shall also have facility to receive tripping signal from upstream
breaker for tripping and also provision for closing upstream breaker after all required
process parameters are achieved.

e. User-friendly software for operation and fault diagnostic shall be loaded in the drive
system panel before commissioning.

5.6.4 Protective Features

The system shall incorporate adequate protective features, properly coordinated for the
drive control and for the motor but not limited to the following:
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5.6.5

5.6.6

5.6.7

Incoming line surge protection
Under / Over voltage protection
Phase loss protection.

IV.  Programmable over current protection and under load protection.
V. Inverter Fault.
VI.  Over frequency/Over speed of motor
VII.  Ventilation loss (In case same is not provided, drive shall generate an over
temperature fault alarm and suitable sensors, as required for same, shall be
provided).
VIIl.  Over temperature of equipment.
IX.  Specific motor protection, including motor winding, bearing temperatures, over
current, overload, negative phase sequence and earth fault protections etc.
X.  System earth fault protection.
XI.  Excitation system protection for synchronous motor
XIl.  Over and under frequency, rotor earth fault (if applicable), field failure protection
for synchronous motor
XIll.  Additional protection, if any for the drive system
Alarms

The system shall incorporate protection alarms, required for various fault conditions, for
the Drive motor, Supply cables, Converter Transformer, DC Reactor and the Converter.
Alarms shall also be included for the failure of various auxiliaries together with
identification of the failing unit, loss of cooling system, various protection devices provided
for converter transformer etc.

Control

The following controls shall be provided as a part of the Operator Control Panel or
through separate switches.

Start/Stop
Speed control (Raise/Lower)
Forward/Reverse (if specified)

V. Auto/Manual /Test mode
V. Local/Remote
VI. Emergency stop
VII. Start/Stop for bypass starter (where specified)
VIII. Trip-Remote Breaker
IX. Excitation control system for synchronous motors
X. Sequential switching of filters
Indications

Vendor shall provide indications as required for normal operation and for ease of
maintenance, which shall not be limited to the following indications.

l.

Il.
[l
V.
V.
VI.
VILI.
VIII.

FORM NO: 02-0000-0021 F2 REV4

Motor running

Motor stopped

VFD System Fault
System ready to start
AC mains ON

Motor over speed
Rectifier output 'ON'
Motor zero speed
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IX. Remote breaker trip
X. Excitation system healthy for synchronous motors

Above indications may be provided as a part of the operator control panel, i.e. door
mounted keypad or through hardwired LEDs. LEDs provided for indication shall be cluster
type with adequate brightness and minimum 2 nos. LEDs chips per light. LEDs shall be
connected in parallel and each LED chip having diameter not less than 3mm.

Potential free contacts for items i to iv shall be wired separately for remote indications in
DCS system.

5.6.8 Metering

Digital display of the following parameters shall be as a part of the Operator Control
Panel, selectable by the operator.

l. Output voltage
Il. Output current-VFD model Bypass mode
M. Output frequency
V. Drive thermal state
V. Motor speed
VI. Motor energy meter
VII. Hour Run
VIII. Voltage and current meter for excitation system of synchronous motor
IX. KVAR, power factor meter for synchronous motors
X. Necessary transducer shall be provided with 4-20mA output for indicating
motor
XI. speed and motor current in DCS unless otherwise specified for other
parameters.
5.6.9 Annunciations

Potential free contacts shall be provided for following annunciations and shall be wired up
to terminal block for owner's use for remote monitoring:

l. Rectifier fuse failure/Drive fault
Il Main AC failure
1. Inverter fuse failure/Drive fault

V. Inverter overload

V. Inverter high temperature/Drive fault
VI. Failure of panel cooling system
VILI. Motor failed to start/Drive fault

All drive internal faults will be annunciated as drive fault.
57 Fault Diagnostic

Fault diagnostic shall be built into the system to supervise the operation and failure of the
system. The information regarding failure of any of the system including, shutdown of the
system, shall be available for a period of minimum 4 days (96 hours) after a shutdown,
even though no supply would be available to the system. The system may be totally de-
energized for maintenance or otherwise. It shall be p