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1.0 INTRODUCTION
It is the requirement for all “Bidders” for Package works covering entire scope starting from
Basic/Residual engineering up to Construction / Installation & Commissioning to maintain a
proper Planning, Scheduling and Monitoring system to ensure timely completion of the contract.

This Procedure is applicable for various Package MR / Tender wherein Residual basic/detailed
engineering is done by the contractor based on design parameters given in the Tender.

Therefore, every bidder shall establish and maintain an effective Planning, Scheduling,
Monitoring & Control System including deployment of professionally qualified and experienced
Planning Engineer for entire duration of the contract. The system should be predictive type to
diagnose and anticipate the problems well in advance and provide preventive measures. To
achieve this objective, Bidder / Vendor or Contractor shall prepare & submit following Schedules
/ documents for review / approval by client / Consultant at various stages of the project.

2.0 ALONG WITH THE BID
21 Time Schedule

The bidder is required to submit a “Proposed Time Schedule” in bar chart form covering major
milestones along with the bid. The schedule shall cover all phases of the contract i.e. Basic /
Residual Engineering, Detailed Engineering, Ordering, Manufacturing & Delivery, Tendering,
Construction and Commissioning within the time stipulated in the bid document covering
Client’s interfaces / activities.

2.2 Planning, Scheduling & Monitoring System

The Bidder shall describe the system of Planning, Scheduling & Monitoring, level of detailing /
tracking methodology etc. along with the name of computer packages like Primavera, MS Excel
Spread Sheet etc. and sample outputs in line with guideline of this procedure.

Client / Consultant reserves the right to disqualify the bidder if the above-mentioned documents
are not furnished / not in line with the requirement as stated above.

3.0 AFTER AWARD OF THE CONTRACT

341 Documents to be submitted within 2 weeks from LOA.
Following documents to be submitted to Consultant/ Client within 2 weeks from award of
contract. These documents will be discussed during KOM, comments if any shall be provided
in line with provision of the contract.

- Planning, Scheduling and Monitoring Procedure

- L-1 Schedule as defined in Section — 2.1 above

- Proposed Progress Measurement system/ Progress WBS

- 90 Days Look ahead schedule — List of activities to be performed in the initial phase of the
project.

3.2 Overall Schedule for the contract & WBS

The Vendor / Contractor shall submit within 4 weeks from award of contract / Effective Start
date, a detailed “Overall Project Schedule” in the activity network form clearly indicating the
major milestones, inter-relationship / inter-dependencies between various activities together
with critical path and floats covering all functions, disciplines, work groups & activity level,
preferably in Primavera or MS Project. While developing the Overall Project schedule time
period indicated in L-1 schedule to be adhered to.

Grace period available if any shall not be considered while developing Overall Project schedule.
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A Work Breakdown Structure (WBS) indicating the scope of work, execution philosophy and
the magnitude of work in hierarchal fashion shall be submitted with the Overall Project
Schedule. The network and WBS shall be reviewed and approved by Client / Consultant and
after incorporating their comments (if any) shall be issued for implementation by Vendor /
Contractor within one week from receipt of comments.

Milestone List: A list of milestones extracted from Overall Project schedule for the entire duration
of the contract also to be submitted along with Overall Project Schedule. Milestones shall be
chosen in such a way that minimum 1 milestone to maximum 5 milestones are scheduled every
month (Average 2 to 3 milestones per month). These milestones should haveimportance with
respect to key areas / activities of project execution covering all functions viz.,Engineering,
Procurement, Construction and Commissioning.

The Overall Project Schedule once approved by the Client / Consultant shall be referred
as “Baseline Schedule” and shall not be changed without prior approval of the Client /
Consultant.

The Overall Schedule shall be updated on monthly basis and submitted along with
Monthly Progress Report indicating base line schedule.

3.3 Progress Measurement Methodology

Level 1 weightages at functional level as per annexure attached with this procedure shall be
followed for preparation of Progress WBS. Based on initial proposed progress WBS discussed
during Kick off meeting, the Vendor / Contractor shall submit detailed progress measurement
methodology within 4 weeks from award of contract/ Effective Start date for approval, to be
adopted for measurement of progress for all phases of work i.e. Engineering, Ordering,
Manufacturing & Delivery, Tendering, Construction and Commissioning along with breakup of
weightages. Weightages for as built drawings shall be considered as separate function if
applicable as per terms of the contract.

The progress basis shall be physical realization of work, such as in terms of deliverables and
construction quantities accomplished.

34 Functional Schedules

Based on approved Overall Project Schedule and progress measurement system /
methodology, the Vendor / Contractor shall prepare detailed functional schedule for each
function viz. Residual Basic Engineering, Detailed Engineering, Ordering, Manufacturing &
Delivery, Tendering, Construction and Commissioning. Based on functional schedules, the
Vendor / Contractor shall also develop schedule progress “S” curve for each function and one
overall schedule progress “S” curve for the total contract and submit the same to Client /
Consultant for approval. Functional schedules i.e. deliverable / task wise schedule in tabular
form after assigning weightages and dates to all activity milestones / major work steps for each
deliverable / task shall preferably be prepared in Excel Worksheets and finalised within 2
months from LOA or within 15 days of approval of Overall Schedule whichever is earlier.

All functional schedules along with Progress S-Curves shall get approved from consultant/
Client's Home office except for Construction portion. Construction functional schedule shall be
vetted and approved by Construction group of Consultant / Client. For development of Overall
schedule progress “S” curve as stated above, tentative construction schedule shall be prepared
initially which shall be replaced upon approval of construction schedule by Consultant/ Client.

Functional Schedules once approved by the Client/ Consultant shall not be changed
without prior approval of the Client/Consultant.

Functional Schedules shall be updated on monthly basis and submitted along with
Monthly Progress Report as a part of Annexure.
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3.5 Resource Deployment Schedule

The Vendor / Contractor shall submit resource deployment schedule, manpower (category-
wise), equipment & machinery to be deployed to achieve the schedule of progress, as per “S”
curve furnished for the total contract duration for both HO services & site activities. Resource
deployment schedule shall be submitted as supporting document along with functional
schedules which shall be retained for information.

3.6 Catch-up Schedule

During the project execution, depending on the trend & slippage (if any), Client / Consultant
may ask Vendor / Contractor to develop catch-up schedules for completion of all balance
activities without change in contract completion date. This schedule shall be submitted to Client
/ Consultant for review. Accordingly, the “S” curve for catch-up schedule shall be made and
shown along with the original schedule.

Catch up schedule shall clearly indicate details of re-scheduled activities along with resource
deployment plan and ways & means to achieve revised targets.

On completion of contractual duration, catch up schedule shall be referred as “Completion
Outlook” for balance activities.

“Completion Outlook” for balance activities shall not be treated as regularization of schedule for
contractual commitments.

3.7 Planning Package:

On approval of all Planning documents, 2 hard copies of Planning package comprising of

following documents shall be submitted for record & reference by Client / Consultant. Native

files all document also shall be submitted through e-mail.
e Procedure for Planning, Scheduling and monitoring system.

Project Physical WBS (Workload)

Overall L-1 Schedule

Overall Project schedule (Network).

List of Milestones.

Progress Measurement System WBS

Detailed Functional schedule along with progress curves

- Residual Basic Engineering

- Detailed Engineering

- Ordering

- Manufacturing & Delivery

- Sub-contracting / Tendering

- Construction and Commissioning

e Overall Progress Curve with back up calculation sheet.

¢ HO and Site organogram clearly indicating Planning function and responsibility.
Resource deployment schedule

3.8 Contract Review Meetings

The vendor / contractor shall present project status at various review meetings as required or
as asked by client / consultant strictly based on agenda with fixed time.

3.8.1 Monthly Review Meeting

Level of participation : Senior person of Client / Consultant and Vendor / Contractor.
In case of Vendor / Contractor, the participants shall be Project
Manager or above and Construction-In-Charge or above.

Agenda : a. Action taken report on MOM of last month Review meeting.
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b. Progress Status / Statistics

c. Status of Engineering, Ordering, Manufacturing & Delivery,
Tendering, Construction and Commissioning.

d. Major hold ups / slippages

e. Completion outlook

f. Critical issues with Action Plan

g. Any specific point from Client / Consultant.

During the initial phase of Project, Monthly review meeting shall be held mainly at Consultant’s
or Clients’ Home office and during Construction phase, meeting shall be held at Construction
Site. Agenda based meeting with fixed timings

3.8.2 Weekly Review Meeting at Site: Agenda based meeting with fixed timings

Level of participation : Contractor / Consultant, Resident Construction Manager / Site
Engineers / Job Engineers.

Agenda : a. Weekly Programme v/s actual achieved in the last week and
programme for the next week with resource mobilization plan.
b. Hold-up analysis and Action Plan.

3.8.3 Management Review Meeting: Meeting shall be called on Need basis to expedite completion
of work.

Level of participation : Contractor MD/ Director, Consultant Directors/ Resident Construction
Manager along with Project Managers.

Agenda :a. Overall Progress and reason for delays.
b. Setting of Priorities for completion of work as per Overall Project/
Complex scenario and contractual requirements.
c. Mitigation / corrective action and catch-up plan.

3.9 Progress Reporting

3.91 Monthly Progress Report

The Vendor / Contractor shall submit the Monthly Progress Report on regular basis to Client /
Consultant from very next month of award of the contract as per formats which will be provided
to successful bidder, covering total scope of work as per the contract. This report is to be issued
within five calendar days from cut-off date. Issue of the report shall be continued till completion
of contract in all respects. The broad sections covered would be Introduction, Executive
Summary, Progress Statistics, Updated Overall Project Schedule, Areas of Concern with Action
Plan, Detailed Status and supporting annexures.

3.9.2 Weekly Flash / Activity Report

A brief report carrying status of activities performed during the week including any major
concerns shall be submitted on weekly basis preferably on every Monday.

3.9.3 Weekly Progress Report (Construction)

This report shall be prepared for activities in summarized fashion as per formats which will be
provided to successful bidder, and submitted by the Vendor / Contractor, every week on the
next day of weekly cut-off. The weekly cut-off day shall be informed during the kick-off meeting. The
broad sections covered would be Executive Summary, Summary Report of Contracts,
Quantitative Construction Progress Status and Resource Deployment Status.

394 Daily Progress Report (Construction)

The Vendor / Contractor shall submit daily report to the Consultant through an online portal
for which access shall be provided to contractor at construction site. The report will be
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verified by the respective Area coordinator in online portal itself to enable availability of
DPR to Project Controls-Planning for further usage. The report will cover Quantitative
Construction Progress Status supported by Drawing, Material and Resource Deployment
Status.

3.10 Documentation
The formats of reports, schedules and other Planning documents submitted by Vendor /
Contractor shall be strictly as required by Client / Consultant. Other required formats shall be
finalized during the kick-off meeting and shall be binding on the Vendor / Contractor.

3.11 Native Files of Planning Deliverables
The Vendor / Contractor shall submit native files of various planning documents (including

Primavera .xer/ native files of Schedules) to Consultant as and when required for analysis
purpose.
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oL WEIGHTED
No | EPC/PACKAGES | DESCRIPTION VALUE REMARKS
PROPOSED
BASIC ENGINEERING 1-2
DETAILED ENGINEERING 6-8
ORDERING 2-4
UTILITY MANUFACTURING & DELIVERY 45-55
, | BOILER SUB-CONTRACTING/TENDERING 1-2
CONSTRUCTION 25-35
PRE-COMM/ COMMISSIONING 2-3
AS-BUILT *

Note: For As Built Maximum 0.5% to be considered if defined in the contract.
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BIDDER’S
Sl. COMPLIANCE STATEMENT/QUERY CONFIRMATION /
No. ANSWER

BIDDERS TO GIVE SPECIFIC CONFIRMATION THAT FOLLOWING
DOCUMENTS HAVE BEEN SUBMITTED ALONG WITH BID.

(PLEASE REFER DOC. NO B957-420-2744-1002 REV 6 FOR “PROJECT
PLANNING, SCHEDULING & CONTROL SYSTEM” “CLAUSE NO 2"
“‘DOCUMENT ALONGWITH BID”)

a. Bidder to submit proposed Overall Project Schedule in network form showing
details of all Units / facilities identifying major / key milestones.

b. Write up on Project Planning, Scheduling, and Monitoring & Control
system (proposed) in line with procedure B957-420-2744-1002 Rev.6
attached with bid document.

C. Organizational set up for Planning, Scheduling, Monitoring & Control at
Contractor’s design Office & Site Office

d. Progress Measurement Methodology with details such as weightage,
milestones, frequency etc.

e. Project execution methodology

f. Function wise Resource Deployment Schedule
(manpower & construction equipment)

g. Software to be used for planning & material control

- Bidder to use Primavera P6 Software for Planning & scheduling activities
and to identify software for material control. MS Office to be used for progress
calculation.

h. Statement  confirming  compliance to  the

“Planning, Scheduling, Monitoring and Control System” B957-420-2744-
1002 Rev.6 attached with bid document.

Note:-
1. The bidder shall indicate in his reply in this space in the Technical compliance. In case space provided
is not adequate, the reply may be furnished separately under suitable numbered annexure/attachments duly
referred against the comments/query.

2. The compliance Statement/Queries are required to be categorically confirmed/answered by the
bidder and the completely filled in Technical questionnaire shall be submitted together with the bid.

Bidder's signature
&
Stamp
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1. GENERAL

This chapter details the requirements pertaining to various drawings, documents and 3D
model to be generated at various stages during the course of execution of the project by the
EPC Contractor for activities associated with Smart Integrated engineering and
digital handover. These stipulations are supplementary to following specifications (enclosed
elsewhere in the contract):

S. No. Spec. No. | Specification detail
1. 6-78-0001 | Specification for quality management system requirements
from bidders
2. 6-78-0002 | Specification for documentation requirements from contractors
3. 6-78-0003 | Specification for documentation requirements from suppliers

The EPC Contractor shall recognize that efficient handling of drawings and documents to be
prepared by him under the contract is the key to the timely completion of the plant.

The EPC Contractor shall ensure that all drawings and documents to be submitted by him to
the OWNER/CONSULTANT shall be of professional quality and conforming to the
contractual requirements.

The EPC Contractor shall submit the drawings through the defined document management
system for the project for review by OWNER /CONSULTANT, and shall maintain a record of
drawings submitted till date at all times. Access to document management system shall be
provided by client/consultant to the successful EPC Contractor which shall be utilized by the
EPC Contractor for their smart engineering activities without any deviation.

Compliance of this chapter on drawings and documents is mandatory and is non-
negotiable.

A pre-defined document numbering philosophy will be provided to successful EPC Contractor
which shall be adopted and implemented by EPC Contractor for documents generated for this
project. Document number shall also be shown in each deliverable as “Client Document
Number”.

Computer aided design and drafting shall only be used. Standard, approved and well-
established PC based computer programs/software packages, available in market shall only be
used by the EPC Contractor and its sub-vendors etc.

All documents, before forwarding to OWNER /CONSULTANT shall be vetted in detail by EPC
Contractor. Documents received without vetting will be returned without review. Also, any in
accuracies/mistakes found will not only be rectified by the EPC CONTRACTOR but the EPC
CONTRACTOR shall remain liable for bearing charges towards efforts spent by
OWNER/CONSULTANT for discussing the same. Delay owing to these shall be to the
account of EPC CONTRACTOR.

Review of the drawings/documents by OWNER/CONSULTANT would be only limited to the
review of compatibility with basic designs and concepts. The review by the
OWNER/CONSULTANT shall not be construed by the EPC CONTRACTOR as limiting any of
his responsibilities and liabilities for mistakes and deviations from the requirements, specified
under these specifications and drawings.
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All drawings, datasheets, specification & model etc. shall be generated by the use of
authoring tools specified elsewhere in the contract document. The digital handover
shall be in soft native files along with associated database.

EPC CONTRACTOR shall furnish 3D model (with complete details with respect to
equipment, Piping, Civil, Structure, Electrical & Instrumentation in line with scope of
work for 3D modeling) of plant with dynamic walk-through facility to check any
interference, requirement of safety, operation and maintenance for getting approval from
OWNER/CONSULTANT with input data. Associated data base files along with library shall
also be furnished at 30%, 60% and 90% model reviews.

Each drawing submitted by the EPC CONTRACTOR shall be clearly marked with the name of
the Owner, the unit designation, the specifications, title, the specification number and the name
of the Project with revision No. and date. If standard catalogue pages are submitted the
applicable items shall be indicated there in. All titles, notings, markings and writings on the
drawings shall be in English. The template shall be approved by the consultant/client. Al
documents shall be prepared on the approved template.

All the Engineering design and specifications shall be normally prepared in MKS system
excepting for Civil/Structural wherein, the Sl system is in vogue based on applicable design
codes. Upon receiving comments on Drawings/Documents, the EPC CONTRACTOR shall
provide compliance report/comment resolution sheet, separately on each of the comments,
document-wise, along with the subsequent submission. Comments given by
OWNER/CONSULTANT shall be discussed, if required, and finalized within the agreed
schedule.

The schedule of submission of Drawings/Documents shall be in accordance with project plans
only. The detailed list under different category, document-wise, shall be prepared by EPC
CONTRACTOR for review/records of OWNER/CONSULTANT.

The EPC CONTRACTOR shall maintain up-to-date record of drawings & document status and
make regular issue of drawing/documents index discipline wise, on monthly basis, with
copies to OWNER /CONSULTANT Site &, H.O. indicating schedule date of submission,
submission date of various revisions and date of review with code of review/ approval.

2. Category of Documents and Cycle Time

The handling of documents by OWNER/CONSULTANT /EPC CONTRACTOR shall be as
follows:

2.1 OWNER /CONSULTANT’s Review/Records

A detailed document list clearly identifying review/records category against each document shall
be developed. Following may please be noted for all the documents engineered by the EPC
CONTRACTOR:

a) Review

EPC CONTRACTOR can proceed if OWNER/CONSULTANT’s comments are not received
within 10 working days of its receipt by OWNER /CONSULTANT. However, if major deviation to
contract specification for any design deficiency is detected in the course of review after
stipulated period, it shall be the responsibility of the EPC Contractor to see that such deviations
and deficiencies are corrected to ensure compliance to contract without any cost and time
implication to Owner.

Format No. EIL-1641-1924 Rev.1 Copyright EIL — All rights reserved

Paae 3157 of 6631 - BO57-TENDFR DOC-BR957-420-80-44-PG-T-7410 - Rev A



0 PROCEDURE FOR SMART INTEGRATED DOCUMENT No.

SRR (o ENGINEERS ENGG., DIGITAL HANDOVER OF B957-999-69-41-
e fmﬁtﬁ:“'“frl DIA LIMITED DRAWING/DOCUMENT/ SP-0002
AL ' "~ 3D MODEL AND DIGITAL INTERVENTION Rev. A
_ BY EPC CONTRACTOR Page 4 of 11
b) Records

EPC CONTRACTOR shall submit documents for OWNER/CONSULTANT’s information and
proceed with the work. OWNER/CONSULTANT comments, If any, which relates any cost
and/or time implication to the owner due to inadequacies/inaccuracies may be brought to the
attention of EPC CONTRACTOR at any stage for incorporation without any cost or time impact
to owner.

The documents falling under review category shall in general, except for drawings requiring
multi-disciplinary review, be returned with comments within 10 working days.

Documents submitted without meeting pre-requisite requirements will be returned without
review.

However, documents like equipment layout etc. where multi-disciplinary activity is involved, the
EPC CONTRACTOR, after submission for OWNER/CONSULTANT’s review, shall visit
OWNER/CONSULTANT for discussion for expeditious review of documents.

In absence of visit of EPC CONTRACTOR’S engineering team at OWNER/CONSULTANT
office, review time shall be 15 working days. The information category document will be
retained for records only. It is EPC CONTRACTOR'’S responsibility to correct the deviation, if
any, to the stipulation in the bid document, without any cost or time implication to Owner.

2.2 EPC CONTRACTOR’S Review

EPC CONTRACTOR shall furnish compliance statement to OWNER /CONSULTANT's
comments while submitting the next revision within 10 days from the date of release of drawings
and documents by OWNER/CONSULTANT.

2.3 Control and Monitoring of documents review and submission

Drawing schedule shall indicate the following:

¢ Schedule/Actual submission date to owner
e Category of submission

e Receipt of comments from Owner

e Category of return status from Owner

¢ |ssue date for Construction

This updated schedule shall be issued on fortnightly/monthly basis, as agreed, and compared
with Owner’s log.

Detailed listing of documents (discipline wise) which are scheduled to be submitted or re-
submitted incorporating OWNER/CONSULTANT’s comments shall be provided by EPC
CONTRACTOR in the weekly meetings. EPC Contractor shall ensure that drawings /documents
are submitted as per the agreed schedule only. Bunching of documents/out of sequence
submissions and consequential delay of documents and its review thereof shall be exclusively
attributable to EPC CONTRACTOR.

2.4 Pre-Requisites from EPC Contractor

241 At the kick-off meeting, the EPC CONTRACTOR must submit discipline wise list of
documents and drawings index.
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24.2 The Drawing Index (discipline wise) shall include description of drawings/ documents,
category of drawings, scheduled date of submission, actual date of submission, review code
received with dates. This shall be updated fortnightly/monthly, as agreed by EPC
CONTRACTOR and copies issued to OWNER /CONSULTANT site and H.O. as well as
Owner. Drawings submitted before finalization of drawing index shall be rejected.

24.3 EPC CONTRACTOR shall separately submit list of drawings/documents involving multi-
disciplinary reviews, considering the OWNER /CONSULTANT departmental activities
(furnished in the contract) during the kick off meeting itself. They are also highlighted in the
discipline- wise document list.

2.4.4 Critical and typical drawings/documents having impact on schedule and quality should only
be identified for such timely reviews in Document Control Index. This shall be adopted after
receipt of drawings/documents indexes from the EPC CONTRACTOR at the kick-off meeting
with mutual understanding of the EPC CONTRACTOR/concerned specialist/Owner.

2.4.5 Any deviation on Record category drawings/documents and on review category drawings
observed later or in execution at site during site Vvisit/technical review by
OWNER/CONSULTANT shall be taken seriously. EPC Contractor shall rectify the same at
his own cost and time.

2.4.6 EPC CONTRACTOR shall plan submission progressively so that no bunching takes place in
any discipline.

2.4.7 Review period shall be reckoned from the “Date of Receipt” of documents/drawings at
OWNER /CONSULTANT to the “Date of Receiving” the reviewed documents by the EPC
CONTRACTOR from OWNER /CONSULTANT office. EPC CONTRACTOR shall monitor
submission and receipt.

2.4.8 Documents/drawings received prior to holiday/week end shall be accounted as received
on the following working day and the review period committed shall include only working
days.

249 Quality of drawings/documents is the essence for a timely review. If major
comments/deviations to the contract document are noticed, the drawing shall be returned in
Code-3.

2.4.10 Sequence of submission of drawings is essential for proper review of documents and timely
completion of the project and the same is to be adhered to. In case sequence is not
maintained, the documents submitted shall not be reviewed by OWNER/CONSULTANT and
the responsibility of timely execution of the plant shall remain with EPC CONTRACTOR.

2.4.11 Piping/Instrument & other engineering drawings/documents shall be issued only after the
corresponding P&IDs & Process documents coming under review category are first reviewed
by the concerned department in code-2 as a minimum.

2.4.12 In principle. EPC CONTRACTOR is not expected to revise drawings/documents already
reviewed in Code-1.

a) If it is of utmost necessity to revise or add some minor details in Code-1 drawings, EPC
CONTRACTOR shall highlight such revisions by marking “CLOUD” and providing appropriate
revision nos. to such additions/alterations. EPC CONTRACTOR is also needed to provide a
“BLOCK” in the drawing indicating reasons of such changes and to insert another “Review
Block”. OWNER /CONSULTANT shall put relevant code for such revisions only. Code
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marking given by OWNER /CONSULTANT on such revisions shall not change the category
of drawing.

b) Any major change in Code-1 drawing shall call for preparation of new drawing.

2.4.13 Based on the confidence gained on EPC CONTRACTOR’S quality of drawings/documents
already submitted, “Review Category” drawings could be retained as Information/Records
and vice versa at the discretion of OWNER/CONSULTANT. This however, does not change
the category of drawings.

2.4.14 Once a document is already reviewed in Code-2, subsequent submission due to non-
incorporation of comments shall not be accounted for any contractual commitment of review
period from OWNER /CONSULTANT. EPC CONTRACTOR is expected to comply with
OWNER /CONSULTANT’s comments in the next revision after Code-2 and is required to
submit a compliance report accordingly

2.4.15 Deviation permit, submitted for seeking deviation in vendor document management system,
shall be separately identified and shall not be considered as a document for timely
approval/review.

2.4.16 When OWNER/CONSULTANT deploys engineers at the EPC CONTRACTOR’S work center
following shall be satisfied:
- Review is limited to identified long delivery/schedule critical items only.

- Readiness of documents/drawings shall be ensured by the EPC CONTRACTOR.
- Presence of lead engineers of all disciplines of the EPC CONTRACTOR.

2.4.17 If OWNER/CONSULTANT highlights any necessary rectifications required in the construction at
the time of Technical Review/Audit, construction executed based on record category
drawings not complying with Bid requirement, EPC CONTRACTOR shall rectify without any
impact of time and cost to Owner.

2.4.18 EPC CONTRACTOR shall submit designs drawings for review only after the corresponding
GA/Equipment datasheets etc. have been coordinated in his office and reviewed by
OWNER/CONSULTANT engineers at least in Code-2. Such OWNER/CONSULTANT
reviewed drawings shall be furnished along with drawings/designs for timely review.

2419 EPC CONTRACTOR shall open an engineering office in India for speedy document
submission and to help faster review of the drawings & documents.

2.5 Approved for Construction Drawings

Drawings reviewed under Code1 & Code2 required for execution at site shall be decided by
EPC CONTRACTOR and copies need to be sent to OWNER /CONSULTANT (RCM), EPC
CONTRACTOR’S RCM and BPRERP (site).

- “Approved for Construction” stamped/sticker drawings shall be issued by EPC
CONTRACTOR for execution.

- “Approved for Construction” stamped/sticker shall be done separately on the reviewed
print and not on the Title block.

- Without changing Revision Number, EPC CONTRACTOR to arrange
adequate number of prints of documents and drawings to EPC CONTRACTOR'S RCM,
OWNER/CONSULTANT RCM and BPRERP (site) with transmittal.
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- Copies of only reviewed or final documents like design calculations, design basis etc. shall be
sent to OWNER /CONSULTANT site for records.

Copy of such transmittal shall be sent to OWNER /CONSULTANT (HO) & BPREP (HO)
for records.

2.6  Critical Drawing/documents shall be reviewed by Licensor during the course of Project
execution, list of Licensor mandatory review document is enclosed elsewhere in the contract.

2.7 Mandatory compliance to the smart engineering activities at EPC Contractor’s
end

2.7.1 Plant Breakdown Structure (PBS) supplied by EIL to be adhered to. The SEED file and Plant

Breakdown Structure (PBS) shall be provided by consultant to the successful EPC Contractor
which shall be utilized by the EPC Contractor for their smart integrated engineering activities
without any deviation. For any deviation in this regard prior approval need to be taken by
EPC Contractor from EIL.

2.7.2 For residual engineering (process), work share to be followed. In case any new symbol is
required, same shall be obtained from/ authorized by EIL.

2.7.3 All P&IDs need to be smartly developed. All the constituents of P&ID need to be intelligently
mapped with database/database driven. There shall not be any graphics/symbols/texts in the
smart P&IDs. There shall not be any dummy graphics/symbols/texts in main body of the
P&ID.

2.7.4 3D Modeling for Piping, Equipment, Instruments & Electrical need to be database driven.
Dummy graphics need to be avoided. Quality check & data connectivity shall be ensured at
EPC Contractor's end before submitting the data files/documents/3D Model to the
Consultant.

2.7.5 All the applicable deliverables shall be extracted from 3D model without any manual rework
done thereafter. This is to maintain the consistency between 3D model and extracted
deliverables.

2.7.6 Deliverables from 3D model shall be extracted only on conforming the alignment of interfaces
with client model and clash free design.

2.8 Digital handover of Engineering Information

Smart Integrated engineering shall be utilized to carry out engineering activities. Intelligent
Systems shall be used for the management of P&ID, Equipment layout, 3D Model, Piping,
Electrical and Instrumentation design & deliverables including P&IDs, Reports, MTO,
procurement etc.

The data in each such intelligent system, including the 3D Model and Intelligent P&ID’s to be
submitted by the EPC Contractor in a predefined Software version/format, as tabulated below.
The same shall be submitted by the respective LSTK vendor/equipment suppliers strictly
without any deviation.
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Software versions/Format Requirements

The definition is in general terms containing (native (N), image (I), portable document format
(D)) the formats in which EPC Contractor shall provide electronic versions of Documents.
Acceptable applications for each format type are listed in the table below.

Data/Document Types Authoring Software*® Version
2D CAD S3D, AutoCAD */2018
Intelligent P&IDs SPID *

Instt. Index, Datasheet etc. | SI *
Electrical load list/Single SEL *

line diagram/Interconnection
details/Cable Schedule

3D Model S3D *
2D Documents from the S3D *
3D model

Text Documents/Reports MS Word 2013 or as agreed with Company *
Datasheets/Lists MS Excel 2013 or Adobe Acrobat as agreed *

with Company

Email Rich Text Format

Schedules Primavera *
Organization Visio 2013, Microsoft power point or as
Charts/diagrams agreed with Company

Portable Document PDF files shall always be directly generated
Format Files from the authoring application.

Scanned documents/Images which are
converted to Adobe Acrobat format do not
qualify as Portable Document Format files
and shall be treated as image files for the
purpose of format compliance.

*Version shall be finalized during KOM.
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In case documentation submitted is of authoring software mentioned below, the data has to be
submitted comprehensively including native files, databases, catalogs etc., as detailed here.

Project DBs in oracle/sql** (version shall be compatible with

SMART 3D latest version of SMART 3D) along with Reference project for
Catalogues, Standards, customization develop for the job etc.

INTERGRAPH SPID Project Backup along with deliverables extracted from

SMART SPID (P&ID, PDS, Line list) and database in oracle/sql** (version

P&ID shall be compatible with latest version of SMART PID)

AUTOCAD DWG/DXF files

SMART SPI Project Backup (DWG + Datasheets + Tags & Attributes in excel

Instrumentation format) and database in oracle/sql** (version shall be compatible

with latest version of SMART Instrumentation)

SE Project Backup (DWG + Tags & Attributes in excel format)
SMART Electrical and database in oracle/sql** (version shall be compatible with
latest version of SMART Electrical)

*Database (oracle/sql) and Version shall be finalized during KOM.

29 Real Time Tracking of Major Shipments for BPREP Project and Data
Sharing for Use on BPREP Control Tower

2.9.1 General Requirements
The EPC Contractor (directly and/or through their transport agency) shall provide real-
time tracking information for all consignments as per the following:

1. Tracking information of all shipments through all modes of transport vs. Air, Land
and Sea
2. GPS tracking for all shipments exceeding INR 10 lakhs in value
3. Electronic sharing of GPS tracking data (as applicable) and consignment tracking
data (through Transport Agency’s Transport Management System) via REST API
and on web portal of EPC Contractor or transport agency, including depiction of
location of consignments on map where GPS tracking is applicable
4. Tracking details for both international and domestic shipments.
For International Shipments mandatory vessel tracking through AIS (Automatic
Identification System)

2.9.2 Mandatory Tracking Information
The EPC Contractor must provide the following information for each consignment:

1. Unique consignment identifier

2. Real-time GPS coordinates for in-transit shipments

3. Scheduled, Estimated and actual departure times from point of origin

4. Scheduled, Estimated and actual arrival times at destination

5. Current location and status updates on a daily basis (GPS Status updates shall
be live)

6. Total Distance, Cumulative Actual Distance Travelled, Daily Distance Travelled to
be updated on Daily basis.

7. Any deviation from planned route or schedule

8. Detailed consignment route details with GPS coordinates for key touchpoints like
ports, terminals and warehouses.
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2.9.3 Data Sharing Protocol
The EPC Contractor shall:
1. Provide access credentials for their tracking platform as applicable
2. Share tracking data in real-time for GPS tracking and daily basis
3. Provide notification of any tracking system failures/ downtime or data gaps

2.9.4 Security and Confidentiality

1. All tracking data shall be treated as confidential information
2. Data transmission must use secure protocols
3. EPC Contractor shall comply with relevant data protection regulations

3.0 Project Monitoring and Reporting for BPREP Project and Data Sharing for Use on
BPREP Control Tower

3.0.1  Client is deploying a Project Monitoring System and Control Tower for the project. The
EPC Contractor shall have the following obligations wrt Project Planning, Scheduling
and Monitoring. This will be read in conjunction with project management clauses
specified elsewhere in the Tender/MR.

3.0.2 The EPC Contractor shall submit a comprehensive monthly progress report via the
PMIS, which will include the following:

1. Executive Summary: A high-level overview of the reporting period’s progress,
summarizing key accomplishments and major issues encountered.

2. Progress Monitoring: Progress Monitoring/ Earned Value Management (Planned
vs Actual) at project and Functional Level based on underling Deliverable
List/DCI, Sub-ordering/ Material Control Index (MCI), Manufacturing Milestones
and actual progress against planned schedules.

3. Project Schedule: EPC Contractor shall submit the Critical Path Method Schedule
(CPM) Project Scheule in Primavera P6 or MS Project Format on a monthly basis.

4. Areas of Concern: A detailed description of any issues or risks impacting project
timelines, Engineering, Manufacturing, or Sub-ordering activities. The EPC
Contractor must identify bottlenecks, supply chain delays, and potential risks that
may affect overall project progress.

5. Engineering Status: Detailed progress reports on engineering tasks, including
design, technical drawings, and any engineering-related milestones, document
approval status, pending approvals, revisions, or rejections etc. Any delays or
issues affecting these deliverables must be clearly reported. EIL VDMS data shall
may be available to EPC Contractor for reference.

6. Sub-ordering Status (MCI): A summary of all sub-ordering activities, including key
milestones, supplier performance, and delivery timelines. Any delays or issues
affecting suborders must be clearly outlined.

7. Manufacturing Status: A detailed update on the manufacturing process, including
the production schedule, quality checks, and any deviations from planned
timelines.

8. Dispatch Status: Detailed status of items dispatched, Packing Lists, LR Details,
Transporter Details, Tracking Details etc.
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3.0.3

3.04

3.0.5

3.0.6

3.0.7

3.0.8

3.0.9

3.0.10

Data Integration: The EPC Contractor shall ensure that all required data, including
schedules, deliverables, and KPI inputs, are entered (manual entry, predefined
templates) accurately into the PMIS system. EPC Contractor will be provided access to
the PMIS System. The EPC Contractor is responsible for ensuring data integrity and
timely submission.

Compliance with Workflows: The EPC Contractor must adhere to the defined workflows
in the PMIS system for report submission, review, and approval. The EPC Contractor’s
reports will undergo review at multiple levels and the EPC Contractor shall address any
feedback or corrections promptly.

Earned Value Management (EVM): The EPC Contractor is responsible for providing
inputs that align with the Earned Value Management methodology, including schedule
and cost data, weighted WBS, and progress updates, which contribute to the generation
of project S-curves and EVM reports.

The reports will be submitted in PMIS predefined templates, reviewed through the PMIS
workflows, and updated in the system on a monthly basis. The EPC Contractor shall
ensure all data is accurate and up to date to allow for timely review and integration into
the overall project progress monitoring system.

Failure to provide data/ info on timely basis may be considered a breach of contract.

Contractor shall comply with cybersecurity guidelines/advisories/acceptable use policy
issued by BPCL/EIL.

In case, any of the systems are not deployed, or are stopped during the course of the
contract; executing, reporting and monitoring of the work will continue through traditional
methods, other platforms as directed by the Engineer-in-Charge.

Non availability of platforms will not be a reason for seeking time extension, change
orders pertaining to time and/ or cost.
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1.1 This specification covers the general requirements for design, fabrication, workmanship, erection,
inspection, testing and supply of unfired pressure vessels and is intended o supplement the minimum
requirements of the applicable codes.

1.2 Supplementary specification indicating special or additional requirements shall form addenda 1o this
specification and shall govern, Supplementary specification, when made addenda to this specification shall
be referred to in the Material Requisition and / or Purchase Order. Following are the supplementary
specifications:

a) 6=12-0002 Supplementary specification for carbon steel vessels,

b) -1 2-0003 Supplementary specification for low alloy steel vessels,

cl 6-12-0006 Supplementary specification for austenitic stainless steel vessels.
dj -1 2-0007 Supplementary specification for stainless steel clad vessels.

e) 6-12-0008 Supplementary specification for 3% %Ni steel pressure vessels.

1.3 In case of conflict, the order of precedence shall be as follows:
a) Statutory Requirement
bj Engineering drawing
c) Specifications and standards
dj Codes
In general. the most stringent requirement out of the above shall govern. However, in such a case, vendor
shall promptly refer the conflicts to client / EIL in writing to obtain client / EIL instruction before
proceeding with manufacture. Decision of client / EIL shall be binding without any time and cost
implication,
2.0 REFERENCES
2.1 Design Codes

The following codes in the edition and addenda referred to in the datasheet shall form the basis for design,
fabrication, inspection, testing and acceptance of equipment:

ia) ASME Boiler and Pressure Vessel Code Section VIIT Div, |

ih) ASME Baoiler and Pressure Vessel Code Section 1X and Sec V.

(c) Indian Boiler Regulations- IBR (whenever applicable).

(d) The Static and Maobile Pressure Vessels {Unfired) Rules 2016 {whenever applicable),
2.2 Material Codes

Material 1o be used shall conform Lo
{a) ASME Boiler and Pressure Vessel Code Sec, [1.
(b} Indian Standard specification.

Other specifications of equivalent grade can be used only after written approval from EIL.
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2.3

Regulations

National laws and regulations together with any local by-laws for the country or state wherever the vessels
are to be used must be complied with by the fabricator,

30 DESIGN

3.1 Design Pressure

3.1 Design pressure specified shall be at the top of vertical vessel or at the highest point of horizontal vessel.

3.1.2  The design pressure at any lower point shall be determined by adding the maximum operating liguid head
and any pressure gradient within the vessel.

32 Corrosion Allowance

3.2.1  Corrosion allowance shall be added to both sides of tray support rings and other fixed intemal non-pressure
parts.

3.2.2 Removable internal parts (with the exception of trays) which are bolted or clamped in place, shall be provided
with extra thickness equal to half the specified corrosion allowance on each surface exposed o vessel
contents.

3.2.3  Full corrosion allowance shall be added 1o the throat thickness necessary for strength or sealing in case of
fillet and seal welds on internal anachments.

33 During fabrication or shop/site hydro-test conditions in horizontal position, the supports for shell shall be
so provided that combined stresses in any shell component (based on corroded thickness for site test) do
not exceed the following:

(a) Tensile : 50% of ambient yield
(b)Compressive: Code allowable stress

3.4 All conical reducers shall be designed as tori conical type with knuckle radius at each end as minimum 10%
of the adjoining diameter, unless otherwise specified in requisition. 100% radiography shall be carried out
for all weld seams of tori cone.

35  Swatutory Approvals

3.5.1  For vessels coming under the purview of Indian Boiler Regulations, it shall be vendor's responsibility to
get approval from IBR authorities peraining to design, drawings. material of construction, fabrication,
inspection and testing etc.

3.5.2  For vessels coming under the purview of Static and Mobile Pressure Vessel rules, it shall be vendor's
responsibility to get approval from Petroleum & Explosives Safety Organization (PESO) pertaining to
design, drawings, material of construction, fabrication, inspection and testing etc.

36 Internals

3.6.1  For support beams, allowable deflection shall be limited to L/325 where L is the length of the beam.

3.6.2  For plates, allowable deflection shall be limited to T/2 where T is the corroded thickness of plate.

363  Allowable stress at design temperature shall be as per applicable Code.
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4.0 FABRICATION
4.1 Head/Dished Ends
4.1.1  Dished ends shall preferably be of seamless construction, However, dished ends with one chordal weld

seam are acceptable. Tn such cases, the width of chordal plate shall not be less than one third of the blank
diameter and chordal seam shall clear nozzle opening. Intermediate heat treatment, if considered necessary,
shall be carried out by the fabricator.

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

4.1.3  Wherever hot forming and subsequent heat treatment is involved, adopted procedure shall not impair the
mechanical properties of the material bevond the limits specified in respective material specification.

4.2 Nozzles, Manholes, Handholes and Attachments

4.2.1  Manhole caver shall be provided with a davit or hinge as per EIL standard and Handhole cover shall be
provided with suitable lifting handles,

422  Inside edges of Manholes/Handholes shall be rounded off smooth with a minimum radius of 3mm,

423 All nozzles shall be set-in type, unless otherwise specified in requisition. Set on type nozzle for size 50 NB
and below can be used with prior approval,

4.24  Reinforcing pads whenever required as per drawings or Code shall be of the same material or equivalent as
the vessel component to which it is welded. All reinforcing pads shall be provided with two 1/8" (3 mm)
NPT tapped holes located 180 apart for air soap solution test with a pressure of 1.25 kg/em2 (g). This test
shall also be required to be carried out for slip on flanges. Higher test pressures are not recommended
because of accompanying risks and also because the soap bubbles have a chance to blow off, Tell-tale holes
in the reinforcing pads shall be plugged with hard grease unless otherwise indicated after the hydro test of
the vessel.

.
P
in

Wrapper plates, reinforcing pads. saddle plates or stiffeners of higher thickness than specified can be used
provided there is no change in basic dimensions and with the approval from Inspection Agency. No separate
deviation permit is required for the same,

4.3 Flanges

4.3.1  When tongue and groove or male and female faced flanges are used, groove or female face shall be in
nozzle flange. However, when the nozzle is located in the bottom, the groove or female face shall be in the
COVEr.

43.2  Dimensions of flanges shall be as per ASME B16.5 for sizes up to 600 mm NB (24" NB) and as per ASME
B 16.47 series "B’ for sizes greater than 600 mm NB (24" NB),

4.4 Fasteners and Gaskets
441 All bolts/studs shall have 1SO threading unless otheérwise specified. Studs shall extend bevond nuts at least

by 2 threads & studs shall be threaded to full length, Bolts/studs (to be tightened by hydraulic bolt tensioner)
shall be longer than normal length by minimum | nut diameter,

Format Mo, 8-00-0001-F1 Rev, 0 Copynght EIL — All nghts reserved

Paade 2171 of 6631 - BO57-TENDFR DOC-R9O57-420-80-44-PG-T-7410 * Rev A



%@m GENERAL SPECIFICATION 1 ANGIRD SRECIICATION Ty
giea fefigics ' INDIA LIMITED FOR 6-12-0001 Rev. 7

18 et o e Tt PRESSURE VESSELS Page? of 14

44.2

443

444

Hydraulic bolt tensioner shall be used for following bolt sizes and conditions and shall be supplied by
vendor unless otherwise specified in the Requisition:

Nominal Bolt Size Conditions
| All Sizes When specified by Process Licensor/Project specifications
50 mm and Over All flange joints

38 mm and to 50 mm Class 600 and above

Design Temperature above 37000
Inlet, outlet and quench nozzle flanges of reactors/separators (#)
25 mm to 38 mm Design Temperature above 3700C
Inlet, outlet and quench nozzle flanges of reactors/separators (#)

# Applicable only for Hydrocracker/DHDT/DHDS/VGO-HDT Reactors and Hot & Cold
Separators,

All internal bolts shall be provided with double nuts,

Threads on external bolting shall be lubricated with graphite grease for working temperature up to 200°C
and with Molybdenum Di-sulphide for higher temperature.

In addition to stamping of the specifications & manufacturer’s symbol as specified in ASME material
specifications, size shall be clearly punch marked on one of the ends of the stud. Similarly, the nuts shall
have the size punch marked on one of the faces. In case of tapped hole the size shall be punch marked
near the hole without disturbing the gasket seating area. Further for all alloy/SS metallurgy bolts & nuts
shall also be identified by distinct color marking at the stud end/bolt side face.

Gaskets shall conform to ASME B16.20 and ASME B 16.21.

Internals and Externals

All removable internals shall pass through the manhole.

Internal baffles, tray support beams or other intemals spanning a chord or diameter of the vessel shall
be provided with means to allow differential thermal expansion between the part and the vessel shell.

Internal pressure piping shall be seamless and of same specification as the external connected piping.
However internal non-pressure piping can be either seamless or welded type.

Internal flanges for pressure piping shall be forged flanges. However internal flanges for non-pressure
piping can be fabricated from plate,

Tray/seal pan suppon rings, downcomer bolting bars and all internals, beam supports welded to the
vessel shall be supplied and welded by vessel fabricator in accordance with the details fumished by EIL.

4.5.6 The internal baskets, mesh screens, support grid, distributor/mixing trays, distributor pipes, outlet collector

etc. of equipment shall be fitted at shop unless otherwise specified in requisition. Equipment shall be
transported along with intemals fitted. Temporary wedges (if required) shall be provided for supporting
the internals which shall be removed by mechanical contractor at site under vendor's supervision unless
otherwise specified. Additionally, manway panels shall be provided for mesh screens, support grids,
distributor/mixing trays etc. o ensure accessibility for future inspection, loading/unloading of
catalyst/inert balls etc.

In case the internals are to be supplied loose as per requisition, the internal baskets, mesh screens, support
grid, distributor/mixing trays. distributor pipes, outlet collector etc. of equipment shall be trial fitted,
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459

4.6

4.7

4.7.1

472

473

474

4.7.5

then removed and crated for dispateh with vessel. These items should be tagged for field identification
and installation.

All externals shall be supplied and welded by vessel fabricator in accordance with the details furnished
by EIL.

Internal perforated plate inside the vessel shall be removable tvpe unless specified otherwise and should
be able to pass through nearest manhole,

Unless specified otherwise, Full support rings shall be provided below catalyst bed to support same.

Name Plate

Each vessel shall be supplied with EIL name plate and manufacturer name plate as per EIL Standards.
Welding

Flame cut edges shall be ground by the fabricator as required to remove slag, detrimental discoloration
and non-uniformity of edges.

All pressure bearing butt welds shall be full penetration, double welded joints. When second side
welding is not possible due to inaccessibility, single welded butt joints with root run by Tungsten Inert
Gas Process (TI1G) can be used 1o ensure full penetration. Backing strip can be used only after obtaining
prior approval from EIL. For sub-zero temperatures, backing strips shall not be used.

Nozzles and Manways and their reinforcement pads shall be attached to vessel with full penetration
welds.

Seams in supporting skirt shall be made with full penetration butt welds, Connections between skirt and
vessel head shall be made with a smooth flat faced weld unless otherwise indicated in the engineering
data sheet. Width of the weld at skirt end shall be equal to the skirt thickness and its height shall at least
be twice its width,

All main weld seams shall be clear of nozzles, reinforcement pads, internals, tray support rings, cleats
and stiffening rings by 50 mm minimum (weld edge o weld edge). In case the same is unavoidable
following requirements shall apply:

a) Nozzles without reinforcing pad

i} Any weld seam having distance (weld edge 1o weld edge) to nozzles within 30 mm {but not
fouling with weld seam ) shall be fully radiographed and dye penetrant examined to a length
equal to 100 mm on each side measured from nearest point to nozzle edge.

ii) Any weld seam fouling with nozzle opening shall be fully radiographed and dye penetrant
examined to a length equal to 3 times of outside diameter of nozzle i.e. 1.5 times of outside
diameter of nozzle on each side after installation of nozzles, Nozzle to vessel fillet weld
shall be provided with smooth concave radius.

b) Nozzles with reinforcing pad
i) Any weld seam having distance (weld edge to weld edge) o reinforcing pad within 50 mm

(but not fouling with weld seam) shall be fully radiographed and dve penetrant examined to
a length equal to 100 mm on each side measured from nearest point to reinforcing pad edge.
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i) Any weld seam not fouling with nozzle opening but coming under reinforcement pad shall
be ground flush, fully radiographed and dye penetrant examined to a length equal to portion
of weld seam below reinforcement pad + 100 mm on each side.

iii) Any weld seam fouling with nozzle opening shall be ground flush, fully radiographed and
dye penetrant examined to a length equal to higher of 3 times of outside diameter of nozzle
i.e. 1.5 imes of outside diameter of nozzle on each side or length equal to portion of weld
seam below reinforcement pad + 100 mm on each side.

In case other attachments like internals, tray support rings, cleats etc. is fouling with weld seam, the
weld seam portion coming under the attachment plus 100 mm length on each side shall be ground flush,
fully radiographed and dye penetrant examined before welding of any such attachment.

47.6 Vendor shall submit welding procedure specification and qualification record to purchaser’s inspector
or authorized representative for approval as per ASME Boiler and Pressure Vessels Code Section IX.
Previously qualified welding Procedure Qualification Record (POR) under EIL, CEIL, Lloyds, DNV,
TUY and Bureau Veritas shall also be acceptable.

477  Welding consumables shall be as per ASME Boiler and Pressure Vessel Code Sec. 1 Part € and shall
be indicated in fabrication drawings.

478 Welding shall not commence unless the concemned procedures are approved.

4.7.9  Only welders who are qualified in the accepted procedure shall be employed for welding.

4.7.10 All intermal/external attachments (nozzles, cleats ete.) with fillet welds to the vessel pressure components
in case of Hydrogen service, cvclic service and vessels with design temperature (<)2%9(C and lower,
vessels with design temperature 3700C and higher for carbon steel and 4250C and higher for low alloy
steel shall be ground smooth and generous concave contour shall be provided.

4.7.11 Minimum shell course width shall be | meter. Maximum no. of longitudinal seams shall be as follows:
(a) vessels up to 2 meter diameter ¢ | seam
ib) vessels from 2 meter up 1o 4 meter diameter : 2 seam
ic) vessels from 4 meter up to 6 meter diameter ¢ 3 seam
(d) vessels bevond 6 meter diameter : seam nos. can be proportionately

decided

4.8 Post Weld Heat Treatment

4.8.1  Vessels shall be post weld heat treated when specified on the engineering drawings. In no case shall the
post weld heat treatment performed be less than that specified in the code.

482  Vessels shall be post weld heat treated as a complete unit including skirt'support, wherever practicable.

483  All flange faces shall be suitably protected against oxidation during post weld heat treatment.

4.9 Tolerances

49.1 Tolerances shall be as per drawing/standard/code.

492 For dimensions not provided with tolerances, fabricator shall maintain dimensions as per good
engineering practice.
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5.0 INSPECTION & TESTING
5.1 All vessels shall be offered for inspection to purchaser or his authorized inspector,
5.2 Inspectors shall have free access to all workshops of contractors or sub-contractors.
5.3 Inspection shall be carried out both during fabrication and before delivery and also for sub-ordered

materials, if any. In addition to final inspection and certification by Inspector, Inspector's written
approval shall be obtained by the manufacturer at all stages of fabrication including, but not limited w
the following:

a) Raw material identification

b) Edge preparation for welding, including visual check for laminations.

c) Alignment of longitudinal seams,

d) Rolling tolerance on individual sections
e) Alignment of sections

£ Root pass clearing before welding.

z) MNozzle setting.

hi Dimensional check.

i) Radiographic / Ultrasonic Examination.

i) Dive penetrant examination/Magnetic particle examination,

k) Stress relieving.

] Calibration records of measuring instruments.

m) Pressure Test (Hydrostatic/Pneumatic test).

nj Any other special test such as for leak, corrosion, hardness etc.

(] Surface preparation, primer and painting.

54 Radiography

54.1 The extent of radiography shall be as specified on the engineering drawings. In no case shall the
radiographic examination be less than that specified in the code. However, spot radiography is the
minimum requirement for all vessels.

542 When spot radiography is specified, the following requirements shall supplement the requirements
specified in ASME Section VIIT Division [:

Each category A or B pressure containing weld shall be spot radiographed in accordance with ASME
Section-V1II Division-1, paragraph UW-32 as a minimum requirement. Each Spot radiograph shall be a
minimum of six inches (150mm) in length and minimum one spot shall be selected in each
circumferential & longitudinal seam. Additionally, at least one T-joint in each circumferential seam shall
also be selected. Welds from each welding procedure, welded 'welding operator shall be examined. DIA
shall be consulted in marking the arcas 1o be radiographed.

543  All nozzles fabricated from plate, irrespective of thickness of plate, shall be 100% radiographed. When
Full radiography is specified due to Service requirement, 100% radiography shall be carried out of all
butt welds including nozzle flange to nozzle neck, pipe o pipe and pipe to fitting,

544 Weld seams of formed ends shall be 1002 radiographed after forming and heat treatment, if any.
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545 The specified radiography of welds may be performed before or afier post weld heat treatment (PWHT).

546

548

5.5

5.6

If performed before PWHT, an additional radiography or alternatively, ultrasonic examination shall be
performed after PWHT,

The technique employed and the weld quality achieved shall meet the requirement of the code.

If vendor intends to carry out radiography by Computed Radiography technique, then demo should be
carried out under Al to prove vendor’s capability to produce acceptable images meeting the Code
requirements,

In case Supplier want to perform UT in lieu of RT based on Code para UW 51 (a) (4). the same is
acceptable for Carbon Steel and Low Alloy Steel materials subject to the following:

a) The thickness of weld is greater than 13 mm.

b} The joint is either Category A or Category B joint except shell to hemispherical dished end joint,
{Category of joint as defined by Code).

¢) Automaied recordable UT machine incorporating TOFD and pulse echo probes or TOFD and
Phased Array mounted on the same chassis that automatically traverses along the joints to be
inspected and displaying both results simultaneously on a single screen may be considered in lieu
of RT.

d) Calibration block of similar material & thickness shall be used. Calibration block shall have
suitable notches to simulate longitudinal as well as transverse crucks on outside and inside surface,
Setup should be capable of detecting defects on outside as well as inside while scanning from one
surface only,

¢) The system that is proposed 1o be deployed in lieu of radiography shall be submitted along with
the track record prior to use for EIL review. The Supplier shall demonstrate successfully the
capability of AUT machine and the defects evaluation in the same screen during the site visit of

EIL representative. Based on which, the approval of the parties and their AUT system shall be
given,

fi  Qualified NDT persons shall be deployed to perform UT,
g) Acceptance criteria shall be as per Code para UW 51,

All nozzle o shell welds (Root and Final run) shall be examined by magnetic particle/ Dyve- penetrant
examination.

Hydrostatic Test

5.6.1 All necessary precautions shall be taken to guard against the risk of brittle fracture during hydrostatic test

in the shop and at site, The temperature of testing medium shall be as per Code. Prior to hydrostatic
test, all weld spatter, weld stubs, scale, dirt etc. shall be removed from vessel.

5.6.2 Hydrostatic test shall be conducted at pressures mentioned in engineering drawings after complete
fabrication and post weld heat treatment, as applicable. After hydrostatic testing, Equipment shall be
completely dried by passing hot air for sufficient time until no further increase in relative humidity of
outgoing air is observed. Alternatively vacuum drving of the equipment is also acceptable,

36.3  Clean potable water shall be used for hydrotest. Sea water shall not be used.

5.64 During hydrotest, care shall be taken to avoid local stresses in shell from exceeding 90 % of the yield
strength of the material at the temporary saddle supports.
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5.6.5 Vessels shall not be painted or coated either intemally or externally prior to the hydrostatic pressure tested.

57 For all weld overlays used in hydrogen or H2S service with design temperature greater than 33000,
Hydrogen disbonding test shall be carried out. The test condition shall be representative of the actual
design conditions and the procedure shall be submitted to Inspection Agency for approval. Rate of
cooling shall be 1000C hr (min. ) unless specified otherwise in datasheets. Holding time shall be 48 hours
unless specified otherwise in datasheets,

58 Vendor shall ensure that all alloy steel and stainless steel material are properly identified and fimally
check tested by a PMI analyzer before dispatch of equipment as per EIL Specification 6-81-0001.

6.0 SUPPLY

6.1 Surface Cleaning and Painting

6.1.1  Surface cleaning and painting shall be as per standard specification for shop and field painting (6-44-
0004) or as per job specification as applicable. Paint system shall be selected as per the environments
specified on engineering drawing.

6.1.2  All completed equipment shall be cleaned internally and extemally to remove scale, dirt. sand. water
and foreign matter.

6.13  All langed faces and other machined surfaces shall be greased or protected with rust preventive coating.

6.1.4  Except for machined surfaces, all exterior surfaces of vessels and columns including skirts and integral
supports shall be painted to prevent rust, corrosion or damage during transit and storage before erection
and final painting.

6.2 Marking
In addition to General purchase conditions, the following requirements shall also be complied with:

6.2.1  All loose components such as studs, nuts, washers, gaskets etc. shall be packed in crates and shall be
marked for the project, consignee, consigner, job number, item number, order number, gross and net
weight, dimensions etc.

6.2.2  Additional indications such as North/East/South/West along with center of gravity shall be clearly
marked with white paint.

6.2.3  Vessels which have been post weld heat reated or have an applied lining. e.g. lead. glass. rubber etc..
shall have a suitable warning printed on the visible portion on the outside of vessel.

6.2.4 Specific marking with white paint for slinging shall be provided for all heavy lifts weighing 5 tons and
above,

6.2.5 A copy of packing list shall accompany the material enclosed in a water tight envelope fastened inside
a shell connection with an identifying arrow sign "Documents” applied with indelible paint.

626 If it is necessary to separate the unit into different parts for transportation all components and
subassemblies shall be carefully identified and match marked to prevent any error in assembly.
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6.3 Packing and Shipment

6.3.2

7.0

7.1

7.3

8.1

In addition to General Purchase Conditions, the following requirement shall also be complied with:
Packing

a) Vessels, unless provided with their own steel saddles for entire protection, shall be provided
with suitable wooden/steel saddles with steel ties and tension rods. The minimum height of the
saddle shall correspond to the maximum projected length of the connected attachments, plus an
additional clearance of 45mm. Saddles spacing shall depend on the length of the equipment.

b) Equipment shall be provided with suitable type and adequate number of supports to prevent any
deformation during transportation and handling. These supports shall not be removed until the
equipment is placed in position at job site.

ch All connections/protrusions shall be suitably protected. Flanges shall be provided with bolts on
metal covers (minimum 5 mm thk) using at least four bolts. { Wiring on covers is not acceptable),
For ocean shipment, flanged openings shall be additionally covered with heavy plastic bags
taped to nozele. All tell-tale holes shall be plugged with hard grease before dispatch. Tapped
orifices shall have threaded plugs.

d) Fragile or machined components shall be especially protected against nature during handling
and transit.

e) Pre-fabricated sections shall be protected by temporary stiffeners at each non-supported end.
Edges of plates for section to be welded shall also be protected.

Shipment
All dispatches of equipment shall be done in accordance with the relevant terms of the Purchase Order.
GUARANTEE

Unless otherwise specified in General Purchase conditions regarding guarantee, the following shall
SOVErTL

Manufacturer shall guarantee that all materials used in the equipment are new and have been submitted
to regular acceptance procedure and are free from any defect regarding quality, form and appearance,

Vessel(s) shall be guaranteed for design, raw materials and workmanship for a duration as defined in
General Purchase Conditions. When design has been carried out by EIL, the word design shall be
excluded from the guarantee clause. The manufacturer shall be completely responsible for any design
work carried out by him. EIL's approval of his design will not relieve him of his responsibility to ensure
satisfactory performance of such item,

Approval of work by EIL or release of vessels for shipment shall in no way release or relieve the
manufacturer of any responsibility for carrying out all provisions of this specification,

SITE FABRICATION AND ERECTION

Where size or shape of vessel makes it impossible to ship it in one piece, the fabricator shall ship number
of shop fabricated sections as defined in requisition. Assembly and testing shall be completed by vessel
fabricator at sitc in horizontal position (for erection by others) in strict accordance with the provisions
of applicable order/specification.
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8.2 Where size or shape of vessel makes it impossible to erect in single piece, the fabricator shall ship
number of shop fabricated sections as defined in requisition. Erection, assembly and testing shall be
completed by vessel fabricator at site in vertical position in strict accordance with the provisions of the
applicable purchase order/specifications,

8.3 In either of the above two cases, the following additional requirements shall apply:

E3.1  All pieces shall be shop fit up into sections and each section fit o the adjacent one by the fabricator and
all pieces match marked thereafter,

832  Suitable erection lugs tailing lugs and locating pins shall be provided by the fabricator to ensure proper
fit up & handling of the equipment.

8.33  All radiographic requirements for welds completed in the shop shall be made by the fabricator before
the part of section leaves the shop.

834  Forequipment requiring PWHT, complete or local PWHT may be carried out at site.

84 All lifting lugs/trunnions and tailing lugs shall be designed with an impact factor of minimum 1.5 unless
otherwise specified,

9.0 DATA FOLDER

Manufacturer shall complete requisite copies of data folder as required in purchase order. This folder
shall contain the following information duly certified by Inspector:

a) Manufacturer's Code Certificate

b) Fabrication drawing of vessel showing "As Built' dimensions and "As Built’ erection weight,
c) Material Test Certificates with their cast /heat and test numbers

d) Welding procedure qualification reports

el Welder qualification reports
f) Radiographic results

g) Ultrasonic, Magnetic particle, Dye-penetrant test results (if applicable)
h) Hardness, corrosion and leak test records (if applicable)
i) Record charts showing complete heat treatment cycle (if applicable)
i Production test coupon results (if applicable)
k) Charpy V notch test results (if applicable)
1) Record chart of pressure test {Hydrostatic and/or pneumatic)
m) Rubbing of name plate
nj Any other documentation as required in the purchase requisition/purchase order.
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1.0 SCOPE
This supplementary specification indicating additional requirements for fusion welded carbon steel
vessels shall form addenda to General Specification for Pressure Vessels (6-12-0001) in its latest
revision.

2.0 DESIGN
Reinforcement for nozzle openings shall be sell reinforced type for equipment where nominal thickness
of shell/head exceeds 50 mm. Nozzles of size up to 50 NB LWN can be used in place of self reinforced
nozzles.

3.0 ELECTRODES

3.1 Electrodes conforming to following specification shall be used. In case of any deviation, prior approval
from EIL shall be obtained.

S. No. Maierial to be welded Electrode Specification

L General Structure Welding : ASME 11C SFA 5.1 E-6013

I

Pressure Parts

a. Steels with UTS : ASME IIC SFA 5.1 ET7016/

upto 70,000 psi E7018
b, Steels with UTS : ASME IIC SFA 5.5 EBO16-X/

upto 80,000 psi E8018-XX depending upon the alloy element.
c. Low temperature service

Below 0°C and upto : ASME IIC SFA 5.1 E 7016-1/

(-) 46°C Steels to ET018-1

SA-516/516M.SA-337/537M,

SA-333 /333M Gr. 6 and
SA-350/350M LF2

32 All electrodes and fluxes shall be properly baked/dried as per manufacturer's recommendation before
use.

3.2.1  All bare electrodes and fluxes shall be selected as per ASME IIC All weld metal shall have equal or
better mechanical properties than the parent metal.

3.2.2  Only dry flux shall be used.

4.0 FABRICATION

4.1 Plate Forming
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4.1.1  Forming of shell plates and heads shall be carried out by machine, either hot or cold, in such a way so as
to preserve the specified material properties and to produce a regular linish.

4.1.2  Magnetic particle/Dye penetrant examination shall be carried out on the outside and inside surfaces
including edges ol torispherical or elliptical heads in knuckle zone, after forming. for detection of cracks.

4.2 Edge Preparation

4.2.1 The preparation of edges to be welded shall be done by machining. chipping. grinding. cold shearing.
Oxy- acetvlene flame cutting or a combination of these.

4.2.2  Chipping shall be followed by grinding to a smooth and regular finish.

4.2.3  Oxy-acetylene flame cutting done in any circumstances, shall be followed by machining or grinding to
eliminate any discolouration of material affected.

424  All welding edges shall be checked by Magnetic particle/Dye penetrant examination for detection of
cracks. laminations or segregations.

425  No welding shall be carried out when ambient temperature is less than 10° Celsius unless preheating is
carried out.

4.3 Heat Treatment

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

a. Cold formed dished ends or knuckles shall be stress relieved, unless otherwise specified in
requisition.
b. 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.

When the completed vessel involves post weld heat treatment. heat treatment recommended in

el

(a) above shall not be applicable,
432 Vessels in Hydrogen/Amine/ Sour (Wet H-S)/Cyelic/Caustic/HIC service shall be PWHT.
44 Production Weld Tests

Production Weld Tests shall be applicable for vessels over 50 mm nominal thickness. The following
requirements shall apply:

a. Two production test plate coupons representative of one longitudinal and  another
circumferential seam shall be provided for each procedure. position and thickness in each
vessel shell.
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b. One production test plate representative of the weld seams shall be provided for each
procedure, position and thickness for welded dished ends/cones.

g, The production test plate shall be from material of the same heat and thickness as of
shell/head/cone as applicable. During and after welding, the test plates shall be subjected to
same heat treatment as and together with the course they represent. Extra coupons shall be
preserved to take care of eventuality of retests.

d. The tests mentioned below shall be carried out as per methods of testing in governing codes:

L One transverse tension test
ii. Twao side bend tests with weld located in the centre of bend.

il Hardness test on production test coupon weld & HAZ (Hardness limitations shall
comply with requirement of EIL Spec. 6-15-0091)

v, Micro & macro examination of welds
V. Charpy V notch tests on weld and HAZ.
a, For low temperature service (0°C & colder) impact test temperature shall be

lowest of minimum ambient temperature, design temperature and minimum
design metal temperature.

b. For vessel over 50 mm nominal thickness used for warmer service, the test
temperature shall be lower of 0°C or lowest ambient temperature of the site.

C. The acceptance criteria for energy absorption shall be as per Table A 2.15 of
SA-20 / 20M. In case the acceptance criteria is not available in SA-20, then
applicable design code shall be referred unless otherwise specified in
requisition.

45 Hardness Survey

Hardness Limitation for Vessels, where PWHT is required shall comply with requirement of EIL Spec.
6-15-0091,
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Thiz specification covers requirements for carhon steel plates imended primarnly [or pressure
vessela'heat exchangers, The sieel plates shall meet the requirements af ASMIL Boeiler and
Pressure Vessel Code Scotion 1T (latest). This is intended to supplement the minimum applicable
requirements of the material specification indicated in the matetiad requisition.

Following codes, standards ete shall be followed in their latest edition and addenda, emauw,
amendments unless specificd olherwise,

ABME Sec VIl Div 1

ABME Sec T part A

EN 10163: Delivery Reguirements for Surtace Conditions.

EN 10204: miallic products - Types of nspection [Documents.
GEMERAL

Plates supplied to this specification shall conform to spealication 5A-20 of ASME sec Tl part A
with additional requircments mentioned herain.

The tolerance on thickness of ateel plates shall be positive anly.

Final Rolling shall be lengthwise.

The plates shall be free from injurious defects and shail have workmanlike finish,
Reconditioning/repair of plates by welding shall oot be permutted. Surface conditions shall mect

requircments of EN 10183 Class A Subclass 3,

SUPPLEMENTARY TECHNICAL REQUIREMENTS

All placs shall be supphicd in normalised condition except when the applicable marerial
specifications require supply of plates in quenched and tempered condition.

a. (e produst amalysis of each heat shall be carried out and reported . Chernical
analysis shall be as per applicable specification,

b. The carbon content for plates shall not exceed 0.23%.

Additionally, one of the following requmements for carbon equivalent based on heat
analysis, shall be also satisfied:

Ceq— C+Mn =042 R {Fgn.- 1)
6 .
Cegq= C+Mn + CotMotV + CutNi =043 . {(Egr. - 2)
i 5 15

Equation-1 shall be used when applicable material specification specifies C and Mn only.

Fguation-2 shall be used when applicable material specilics the above elemcnts or
restricted chemical requircmernts are specified or supplementary requirements 519 and
521 of 8BA-20 arc specificd in material requisition.
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For HIC serviews, these requiremenls shall be as listed separately.

LNtrasonic Examination of Plates

Platez having thickness 16 num to 50 mm (both inelusive) shall be cxamined
ultrasonically as per 5A-435,

For thicknesses abuve S0mm ultrasome cxammnation shall be carvied out as per 5A-578
and shall have acceptance standard of level-R.

Tor quenched and tempered steel plates, ultrasonic examination shall be done after the
heat treatment of plates.

Simulated Heat Treatment of Test Coupons

The following heat treatment shall be conducted on the test coupony reprasentative of heal treated
plates belore the specilicd tnechanical (eating like tensile, bend, impact tests, ete. to meet
minitium ASMTE Sce, TT Part - A requirements and these details shall also be recorded on the test
certificates.

All plates supplied in Nemmalised condition and ntended for hot tolling S hot fonmng:
Heat Treatment Cyele

One normalizing® + One stress relieving as per UCS-56 of ASME Sec. Vill Div.1
complying with UCS-85 of ASME Section VI Div. 1.

Note:  Any other special requirement shall be specitied in MR,

All plates supplicd m Quenched & Tamnpered condition and intended for hot rolling/ hot
forming:

Heat Treatment Cycle

(e normalising* + quenched & tempenng + One siress elioving as per UCS-56 ASME
Scetion VIII Div. 1 complying with UCS-85 of ASME Section VITT Div. 1.

Mote : Tempering temperature shatl be at least 20° C above higheat stress rehieving
lempearalure,

* Mommalising cycle shall be as per Material Test Cenifeate (MTC).
All plates supplied in Quenched & Tempered condition and intended for cold forming:
Lleat Treatment Cycle

(Ine stress relieving as per LJCS-56 ASME Section VIII Div. 1 complying wih UCS-55 of
ASME Scetion VI Div.1.

Impact test requirements shall be ascentained as per ASME Sec VIII Div.] or Div.2 as applicable.
When required, Impact testing shall be perfirmed as per supplementary tequiremaent of 55 of
specificalion SA-20 and acceplance criteria for cnerpy absorption shall be az per table A2.15 of

A0,

If specified in the material requisition, plates shall mect the requirctnents F Indian Boiler
Regulations ([BR).
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3.7 Additicnal Requirements for Hizh Thickoess Plates

Plates above 5Umm thickness shall mect following additional requirements:

a.

<.

Vacuum Degassing treatment as per the supplementary requiretmens 51 of specitication

SA-20. I[ vacuum degassing is notl reporied in the test certifieates, then through thickness
tests as per SA 770 shall be conducted and minimum reduction in arca of 35% shall be
ensured. '

Charpy V-notch Impact test as per the supplamentary reguirctiient 35 of specification SA-
2 :

Material meant to be used for design temperature warmmer than 0°C, impact test shall be
carricd out al 0°C or MDMT whichever is lower and acceptince criteria for emergy
abzomption shall be as per Table A2 15 of SA-20. Incase the acceplance criteria is not
available in SA-20, then applicable design code shall be referred unless otherwise
specified in material requisition.

Simulated heal treatment of test coupons for all plates as per Clause 3.4 mentioned above,

4.0 CERTIFIED DOCUMENTS

The supplier shall furnish certificates/documents {number of copics as specified in requisition)
inclusive ol all (he ollowing tests required as per specification duly certified by the Inspeciing
Authority before shipment of plates. The actuad values oblained shall be recorded in the test
certificates/documents. Material certificates shall conform io EN 10204 Type 3.1/3.2 as specified.

h

i

Chemigal Analysis
MMochanical Tests

Data of heal treatment i.c. initial temperature, heating rate, soaking temperature, cooling
rate, ¢l

Simulated Heat Treatmeni of Mcechanical Test coupons {53 of SA-20) at indicated Heat
Treatment Cyele (if specified in the reguisition or whenever applicabla)

Ultrasonic Examination (S8 or $12 o $A-20)

Charpy V-notch impact tests (35 of SA-20 if specified in the requisition or whenever
applicable)

Certification as per IBR (if specified in the requisition)
S8C andfor HIC tests (1f specified in material requisition)

Additiomal tests {if specificd in requisition),

5.0 PAINTING AND COATING

No painting/coating of any kind is permilted on the steel plates, except stencil marking. However
steel plates shall be carcfully protected and packed against any damage during transit and shall be
of sea worthy condition.
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&4 INSPECTION AUTIIORITY

Malerial tesl certificates, duly certified by Mill's Qualily Assurance Department are acceptable (e,
3.1 centiication as per EN 19204, However, if lhind parly inspeclion is required specilically for
plates in material requisition, al] test certificates and documents shall be duly certified by the third
party. i.e. 3.2 certification as per EN 10204,
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1.0 SCOPE

1A This specification covers additional and supplementary requirements for weldable
structural quality Steel Plates to 1S: 2062 (latest), intended primarily for storage tanks
and vessels.

1.2 Following Codes, standards etc. shall be followed in their latest edition and addenda,
errata, amendments unless specified otherwise:

1.3 1S:2062, 1S:1852, 1S:10842 (All Parts)

1.4 EN 10163 (All Parts): Delivery for Surface Condition.

1.5 EN 10204: Metallic products — Types of Inspection Documents.
2.0 GENERAL

2.1 The maximum under tolerance permissible on the thickness of plate shall be 0.25 mm.
Tolerances on other dimensions of plates shall be as per IS: 1852.

2.2 Direction of final rolling shall be lengthwise.

23 Reconditioning/Repair of plates by welding shall not be permitted. Surface finish shall
be ground/flush smooth and shall be free from any surface imperfection.

3.0 SUPPLEMENTARY TECHNICAL REQUIREMENTS

3.1 Heat analysis and product analysis shall be carried out for each heat and chemical
composition shall meet the limits as specified in IS: 2062.

32 Y-groove weld crackability test as per IS: 10842 shall be carried out for plates conforming
to Gr. E250 C having thickness 12mm and above.

33 Charpy impact test shall be carried out on the plates having thickness greater than 12
mm conforming to Grade E250 BR, E250 BO & E250 C. Test temperature and
acceptance criteria for energy absorption shall be as mentioned in Table-2 of the
specification I1S: 2062.

For Thickness less than 12 mm (for materials E250 Gr.BO & E250 Gr.C), if required, the
minimum impact energy values of reduced sizes shall be as per Fig. 2 of the specification
15: 2062.

4.0 CERTIFIED DOCUMENTS

The supplier shall furnish certificates/documents (number of copies as specified in
requisition) inclusive of all the following tests required as per specification, duly certified
by the Inspecting Authority before shipment of plates. The actual values obtained during
tests shall be recorded in the test certificates/documents. Material certificates shall
conform to EN 10204 Type 3.1/3.2 as required.

Chemical Analysis
Mechanical Tests

Data of heat treatment
Charpy V-notch impact tests
Y- groove crackability test

®ao0owe
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.0 PAINTING AND COATING

No painting/coating of any kind is permitted on the steel plates except stencil marking.
However steel plates shall be carefully protected and packed against any damage during
transit and shall be of sea worthy conditions.

6.0 INSPECTION AUTHORITY

Material test certificates, duly certified by Mill's Quality Assurance Department are
acceptable i.e. 3.1 certification as per EN 10204. However, if third party inspection is
required specially for plates in requisition, all test certificates and documents shall be
duly certified by the third party. i.e. 3.2 certification as per EN 10204.
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APl American Petroleum Institute
ASME : American Society of Mechanical Engineers
ASTM : American Society for Testing & Materials
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RT] Ring Type Joint
sSs : Stainless Steel
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1.0 SCOPE
1.1 This Specification covers general requirements for material, design, fabrication, erection and testing of

pressure vessels.

1.2 Vessel Sizing/Design shall be in vendor's scope, unless otherwise specified. Vendor shall submit all design
parameters of vessels as per Annexure-|.
2.0 CODES, SPECIFICATIONS AND REGULATIONS
2.1 Design Codes
a) Vessels with design pressure greater than or equal to 1.0 Kg/Cm*(g) and less than 210 Kg/em®(g)
shall be designed, fabricated, inspected and tested as per ASME Code Sec. VIII Div.1 (latest).
b) All vessels with design pressure greater than or equal to 210 Kg/em(g) shall be designed,
fabricated, inspected and tested as per ASME Code Sec. VI Div.2 (latest).
c) Vessels full of liquid and/or with design pressure < 1.0 Kg/em?’(g) shall be designed, fabricated,
inspected and tested as per ASME Code Sec. VIII Div.] - Practice.
d) Mechanical design of self-supporting tall column shall be carried out as per guidelines given in
Annexure-II1.
2.2 Material Specifications
Materials to be used shall conform to:
a) ASME Section I1.
b) Indian Standard Specification of equivalent grade.
2.3 Statutory Regulations
a) Mational laws & regulations together with local bye-laws for the country or state where vessel(s) is
(are) to be erected must be complied with. Approval of design and drawings from statutory
authorities shall be Vendor's responsibility.
b) Wind and earthquake loads shall be calculated in accordance with relevant Indian Standards unless
otherwise specified.
3.0 DESIGN BASIS
31 Minimum Wall Thickness
Vessel shell and heads shall have minimum wall thicknesses calculated with design pressure and
temperature, in accordance with codes, but in no case, shall the thickness be less than that determined by
following formulae:
a) For carbon/Low alloy steel vessel & column® — 6 mm & 8 mm respectively (including corrosion
allowance not exceeding 3.0 mm), but not less than that caleulated as per following:
FOR DIAMETERS LESS THAN 2400 mm
Wall thickness = _Dia. + 1.5 + Corrosion Allowance
1000
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FOR DIAMETERS 2400 mm AND ABOVE

Wall thickness = Dia. + 2.5 + Corrosion Allowance
1000

All dimensions are in mm,

b} For Stainless steel/High alloy steel vessel & column® — 3 mm & 5 mm respectively, but not less
than that calculated as per following for diameter more than 1500 mm.

Wall thickness (mm) = _Dia. + 2.5
1000

Corrosion allowance, if any, shall be added to minimum thickness.

*  1f the vessel height (H) from base of skirt to top tangent line is greater than 5 times diameter (D) then
it shall be considered as column and shall be designed accordingly.

3.2 Design Pressure
a) Design pressure shall be calculated considering higher of the following:

i) For operating pressures above 70 kg/cm?g, mechanical design pressure shall be as per
designer, subjcct to a minimum of 77 kg/em 2 g.

i) For operating pressure up to and including 70 kg/em?®g, design pressure shall be the
highest of the following:

a) Maximum operating pressure (kg/em2g) x 1.1
b) Maximum operating pressure + 2.0 kg/em ?
¢)3.5kg/em?g

b) Design pressure at any lower point is to be determined by adding the maximum operating liquid
head and any gradient within the equipment.

c) Equipment operating under vacuum (or partial vacuum) shall be designed for differential external
pressure of 1.055 Kg/om’.

33 Design Temperature

Design temperature shall be calculated as per the following, unless otherwise specified elsewhere in the
package:

a) For equipment operating at or above (°C, the mechanical design temperature shall be the higher
of the following:

T (des)=65 °C
T (des) =T (max}+ 15 °C
T (des) = T (relief), excluding fire relief temperatures

where,

T (max) = Maximum operating temperature expected considering different possible operations for
the equipment or system, including air drying or gas drying conditions.
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T (relief) = Temperature corresponding to pressure reliefl conditions for an operational failure case
(specifically excluding fire relief case).

b) For equipment operating below 0 °C, the mechanical design temperature shall be equal to the
lowest anticipated operating temperature.

c) Minimum Design Metal Temperature (MDMT) shall be lower of minimum atmospheric
temperature and minimum temperature envisaged during operation.

34 Corrosion Allowance

Minimum corrosion allowance for carbon steel and low alloy steel vessels shall be 3.0 mm and 1.5 mm
respectively, unless otherwise specified elsewhere in the package.

35 Allowable Stresses

3.5.1 Basic allowable stresses for shell, heads and other components etc. shall be the values specified in the
design code.

3.5.2 The allowable stresses for structural members and anchor bolts shall be as specified in Indian Standard
15:800.

36 Wind and Seismic Loads

3.6.1 Wind load shall be calculated as per Indian Standard 1S-875 and Site-specific wind data if attached with
the bid package.

3.6.2 Farthquake forces shall be calculated in accordance with Site-specific spectra (along with 15-1893
procedure) provided elsewhere in the bid package. Otherwise, the same shall be as per Indian Standard 1S:
1893,

4.0 MATERIALS

Unless otherwise specified, Materials of various parts of equipment shall be selected as per Table given in
Annexure - IT for general industrial condition/services.

4.1 Specifications of Carbon Steel Plates

4.1.1  Chemical Analysis

Plates used shall conform to latest issue of specification SA-20 with additional requirements mentioned
herein.

a) Only normalised plates free from injurious defects with workmanlike finish shall be used.
Reconditioning/repair of plates by welding shall not be permitted.

b) One product analysis of each heat shall be carried out and reported. Chemical analysis shall be as
per applicable specifications with carbon content not exceeding 0.23%.

Additionally, one of following requirements for carbon equivalents (Ceq) based on heat analysis shall be
satisfied.

Ceq = C+Mn/6<042 (1)
Ceq = C+ Mu/6+(Cr+ Mo+ V)5+(Cu+Niy15<043  ..(2)

Equation - (1) shall be used when applicable material specifies C and Mn only.
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Equation- (2) is applicable for restricted chemistry requirements or for supplementary requtmmcnts of S19
& 521 of specification SA-20.

4.1.2  Ultrasonic Examinations of Plates

a) Plates having thickness 16 mm to 50 mm (both inclusive) shall be examined ultrasonically as per
specification SA-435.

b) For thickness above 50 mm, ultrasonic examinations shall be carried out as per specification SA-
578 and shall have acceptance standard of level-B.

c) For quenched and tempered steel plates, ultrasonic examination shall be carried out after the
specified heat treatment.

4.1.3 Simulated Heat Treatment of Test Coupons
The following heat treatment shall be conducted on the test coupons representative of heat treated plates
before the specified mechanical testing like tensile, bend, impact tests, etc. to meet minimum ASME Sec.
II Part - A requirements and these details shall also be recorded on the test certificates.
a. All plates supplied in Normalised condition and intended for hot rolling / hot forming:

Heat Treatment Cycle

One normalising® + One stress relieving as per UCS-56 of ASME Sec. VI Div.1 complying with [JCS-83
of ASME Section VLI Div. 1.

Note: Any other special requirement shall be specified in MR.
b. All plates supplied in Quenched & Tempered condition and intended for hot rolling/ hot forming:
Heat Treatment Cycle

One nommalising* + quenched & tempering + One stress relieving as per UCS-56 ASME Section VI
Div.1 complying with UCS-85 of ASME Section VIII Div.1.

Note: Tempering temperature shall be at least 20° C above highest stress relieving temperature.
* Normalising cycle shall be as per Material Test Certificate (MTC).

c. All plates supplied in Quenched & Tempered condition and intended for cold forming:
Heat Treatment Cycle

One stress relieving as per UCS-56 ASME Section VIII Div.l complying with UCS-85 of ASME Section
VIHI Div.1.

4.1.4  Charpy V-notch impact testing as per S5 of specification SA-20 to be carried out at design temperature for
low temperature services.

4.1.5 Plates needed for IBR vessels shall meet the requirements of IBR (Indian Boiler Regulations).
4.1.6  Plates above 50 mm in thickness shall meet following additional requirements:
a. WVacuum Degassing treaiment as per the supplementary requirement S1 of specification SA-20. If

vacuum degassing is not reported in the test certificates, then through thickness tests as per SA 770
shall be conducted and minimum reduction in area of 35% shall be ensured.
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b. Charpy V-notch impact test as per the supplementary requirement S5 of specification SA-20. Material
meant to be used for design temperature warmer than 0°C, impact test shall be carried out at 0°C or
MDMT, whichever is lower, and acceptance criteria for energy absorption shall be as per Table A2.15
of SA-20. In case the acceptance criteria is not available in SA-20, then applicable design code shall be
referred, unless otherwise specified in material requisition.

¢. Simulated heat treatment of test coupons for all plates as per Clause 4.1.3 mentioned above.
42 Specification of Stainless Steel Plates/Pipe/Forging

Plates used shall conform to latest issue of specification SA-480 with additional requirements mentioned
herein.

a) All plates shall be hot rolled, annealed, pickled and shall have No.l finish on both sides with
reference to specification SA-480. In addition, all stabilized grade of SS (88 321, S8 347 etc.)
shall be given stabilization heat treatment.

h) Unless otherwise specified plates, pipes, forgings and fittings representative of each heat shall be
subjected to inter granular corrosion lests as per ASTM A 262 practice E for all the 300 series
material. The bend test specimen shall be examined at a magnification of 200 x.

c) Plates having thickness 16mm to 50mm (both inclusive) shall be examined ultrasonically as per
specification SA-435.
d) For thickness above 50 mm, ultrasonic examinations shall be carried out as per specification SA-

578 and shall have acceptance standard of level-B.

4.3 Applicable certificates and documents of all tests required here, duly certified by inspecting authority shall
be submitted to EIL inspector before fabrication of vessel. Material Certificates shall conform to EN 10204

Type 3.1
44 Material for Internal Lining/Painting

44.1 FRP Lining

i) Wherever FRP lining on inside of equipment is specified the resin used shall be vinyl ester,
equivalent or better to suit the intended service.

i) The steel surface shall be abrasive blasted as per SSPC-SP-10 and anchor profile of surface shall
be 38 to 75 microns. Primer coat of polyamide cured epoxy (25 to 75 microns DFT) shall be
immediately applied after cleaning to prevent rust formation before application of FRP lining,

442 Rubber Lining
Application of rubber lining on inside of vessels, shall be done as per Part-1, IS 4682.

443 Painting on Internal Surface

Surface preparation and application of Primer and Painting shall be in accordance with EIL Specification
for surface preparation and protective coating.

5.0 HEADS

a) FOR CS METALLURGY:

Heat treatment of formed parts shall be carried out as per following:
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Cold formed dished ends or knuckles shall be stress relieved, unless otherwise specified in
requisition.

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.

When the completed vessel involves post weld heat treatment, heat treatment
recommended in (1) above shall not be applicable.

b) FOR SS METALLURGY:

1.

Cold formed dished ends of’ S8 Vessels shall not be solution annealed unless any of the
following conditions exists:

i) Specifically called for particular equipment/service,
ii} Hardness value after forming exceeds 235 BHN.
iii) Nominal thickness of plate is 16mm or above.

Hot formed dished ends of 88 Vessels shall be solution annealed.

6.0 MANHOLES/HANDHOLES AND NOZZLES

a)
b)

c)

d)

e)

g

h)

7.0 FLANGES

Manholes shall be minimum 450 mm NB unless otherwise specified.

Manhole cover shall be provided with a davit or hinge.

Small vessels shall be provided with two 150 NB hand holes for inspection. Vessels less than or
equal to 300 NB shall be provided with 2 nos.100 NB hand holes for inspection.

For vessels with diameter less than 900 mm and having removable internals, shell flanges shall be
provided. '

As a general rule all nozzles attachment to shell/head shall be set-in type.

Reinforcement for nozzle openings shall be self-reinforced type for equipment where nominal thickness
of shell/ head exceeds 50 mm. Nozzles of size up to 50 NB LWN can be used in place of self-
reinforced nozzles.

MNozzles up to 50 mm NB size shall be stiffened with 2 number of 40 mm wide x 6 mm thick
stiffeners welded at 90 apart.

MNozzle connections used for vessels shall not be less than 40 mm NB.

a) Dimensions for flanges shall be as per ASME B16.5 for size up to 600 NB and to ASME B-16.47
(Series B) for size above 600 NB.
b) All Nanges shall be of weld neck type. Slip on flanges are not permitted.
c) All Manges of class 900 and above shall have gasket surfaces for RTJ unless otherwise specified.
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80  INSPECTION

9.0

10.0

11.0

12.0

12.1

12.2

12.3

12.4

12.5

12.6

12.7

All vessels shall be offered for stage-wise as well as for final inspection to Purchaser or his authorised
inspeclor.

Inspector shall have free access to all workshops of vendor or his sub-vendors.
PRESSURE TESTING

All vessels shall be hydrostatically or pneumatically tested as per the code. In order to safeguard against
the risk of brittle fracture during hydrostatic test, temperature of test fluid shall meet the requirements of
UG-99 of ASME Sec. VIII Div.1 and shall preferably not be less than 16° C.

WELDING

Full penetration weld shall be emploved for joining pressure paris. Where both sides are not accessible for
welding, root run by tungsten inert gas process or backing strip may be used to ensure full penetration.
Backing strip, if used, is to be removed after welding, wherever possible.

POST WELD HEAT TREATMENT

a) Vessels shall be heat-treated whenever it is required due to service requirement or due to code
requirements. Vessels shall be post weld-heat treated as a complete unit and no welding shall be
permitted once post weld heat treatment is performed. CS/LAS Vessels in Hydrogen/ Amine/ Sour
{(Wet H28) Cyclic/ Caustic/ HIC service shall be mandatorily PWHT.

b) Wherever heat treatment on stainless steel is carried out, it shall be followed by micro etching test
and [GC test as per ASTM A 262 Practice E unless otherwise specified to ascertain suitability and
effectiveness of solution annealing. The bend test specimen shall be examined at a magnification
of 200 x.

RADIOGRAPHY/ NON-DESTRUCTIVE TESTING

The extent of radiography shall be as specified in the package. In no case shall the radiographic
¢xamination be less than that specified in the code. However, spot radiography is the minimum
requirement for all vessels.

Each category A or B pressure containing weld shall be spot radiographed in accordance with ASME
Section-VIII Division-1, paragraph UW-52 as a mimimum requirement. Each Spot radiograph shall be a
minimum of six inches (150mm) in length and minimum one spot shall be selected in each circumferential
& longitudinal seam. Additionally, at least one T-joint in each circumfercential seam shall also be selected.
Welds from each welding procedure, welded/welding operator shall be examined.

All nozzles fabricated from plate, imespective of thickness, shall be 100% radiographed.

Weld seams of formed ends shall be 100% radiographed after forming and heat treatment, if any.

The technique employed and the weld quality achieved shall meet the requirement of the code.

All nozzle to shell welds (Root and Final run) shall be examined by magnetic particie/Dye penetrant test.

In case Supplier want to perform UT in lieu of RT based on Code para-UW 51 (a) (4). the same is
acceptable subject to the following:

a) Material of construction is either CS or LAS.

b) The thickness of weld is greater than 13 mm.

Format No. 8-00-0001-F1 Rev. 0 Copyright EIL = All rights reserved

Paage 2207 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A




ENGINEERS STANDARD SPECIFICATION OF STANDARD SPECIFICATION No.
28 @

PRESSURE VESSELS FOR PACKAGE 6-12-0030 Rev. 9

ey ep—— [Py T — ITEMS Page 11 of 19

13.0

14.0

15.0

15.1

152

15.3

154

15.5

15.6

¢) The joint is either Category A or Category B joint except shell to hemispherical dished end joint.
(Category of joint as defined by Code).

d) Automated UT incorporating TOFD and pulse echo probes or TOFD and Phased Array mounted on
the same chassis that automatically traverses along the joints to be inspected and displaying both
results simultaneously on a single screen may be considered in lieu of RT.

¢) Calibration block of similar material/thickness shall be used. Calibration block shall have suitable
notches to simulate longitudinal as well as transverse cracks on outside and inside surface. Setup
should be capable of detecting defects on outside as well as inside while scanning from one surface
only,

0 The system that is proposed to be deployed in lieu of radiography shall be submitted along with the
track record prior to use for EIL review. The Supplier shall demonstrate successfully the capability of
AUT machine and the defects evaluation in the same screen during the site visit of EIL representative.
Based on which, the approval of the parties and their AUT system shall be given.

g) Qualified NDT persons shall be deployed to perform UT.
h) Acceptance criteria shall be as per Code para-UW 51.
FIRE PROOFING AND INSULATION

Vessels requiring insulation and/or fire proofing shall be provided with supports as per EIL standard
referred in this specification.

CLEANING AND PAINTING
a) Vessels shall be cleaned internally to remove scale, rust, dirt, foreign material by wire brushing.
b) Stainless steel surfaces both inside and outside shall be pickled and passivated in accordance with

specification ASTM-A380 after hvdrotest, unless otherwise specified,

c) All external surfaces shall be cleaned, primed and painted in accordance with applicable EIL
Specification for surface preparation and protective coating.

GENERAL

Vessel weighing more than 5.0 MT shall be provided with lifting lugs. Skirt supported vessels shall be
provided with tailing lugs, if necessary.

Unless otherwise elsewhere specified, Manufacturer shall supply Mandatory spares as given below:

Gaskets : Two sets for each installed gasket.
Fasteners - 10% (minimum two in each size) of installed fasteners.
Sight/Light glass: 4 Sets for each installed glass.

Fabrication tolerances indicated in EIL Standards/Specifications shall be adhered to.
Vessel diameter 300 mm NB and below shall be made from seamless pipe only.
Rolling direction of plate for shell shall be lengthwise,

Guarantee, packing, marking on vessels and shipment, etc. to be as per package specifications.
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16.0 LIST OF ATTACHMENTS

TITLE DOCUMENT NO.
Vessel Tolerances 7-12-0001
Support for Horizontal Vessel 7-12-0002
Skirt Base Details 7-12-0004
Angle Leg Support 7-12-0006
Pipe Leg Support 7-12-0007
Bracket Support for Vertical Vessel 7-12-0008
Manhale with Hinge Cover 7-12-0009
Manhole with Davit 7-12-0010
Standard Bolt Hole Orientation 7-12-0015
Internal Flanges 7-12-0018
Fire-Proofing and Insulation Supports 7-12-0025
Internal Feed Pipe Support 7-12-0032

EIL Specification for Surface Preparation and EIL specification (as applicable)
Protective Coating
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ANNEXURE - 1
DATA SHEET FOR PRESSURE VESSEL
{To be filled in by the Vendar)
PROJECT: | CLIENT;
| UNIT: | J0BNO.: o _]
[TEM NO.: | PACKAGE: j
EQUIPMENT: | MR.NO.:
| CODE FOR DESIGN AND CONSTRUCTION
DESIGN CONDITION | OPERATING CONDITIONS
| PRESSURE (Kg/cm’g) PRESSURE (Kg/em®)
 TEMPERATUREMDMT (°C) | TEMPERATURE (°C) o
'CORROSION ALLOWANCE | ——
| SERVICE H.S [ JLETHAL[ ] OTHERS [ ]
| L:IQU[D LEVEL (mm) ) ]
SPECIAL SURFACE FINISH INSIDE REQD. [ ] NOTREQD. [ ]
VESSEL
TYPE OF VESSEL. HORIZONTAL[ ] VERTICAL[]
DIAMETER (mm) ~ | SKIRT /LEG HEIGHT
HEIGHT TL-TL (mm) -
JOINT EFFICIENCY - |smELL HEAD
RADIOGRAPHY N S HEAD
' POST WELD HEAT TREATMENT o
| HYDROTEST PRESSURE (Kg/em®s) | -
LMATEm:.s OF CONSTRUCTION - |
" SHELL, REINFORCEMENT PADS |
HEADS/CONES NOZZLE NECK :
SHELL FLANGES MAN-WAY NECK R
NOZZLE FLANGES | PIPEFITTINGS
TINTERNAL PARTS | GASKETS(EXTERNAL)
| EXTERNAL STUDS/NUTS GASKETS(INTERNAL) 1
CINTERNAL BOLTSNUTS SKIRT/LEG SUPPORT
I[ CLIP ATTACHMENTS (EXTERNAL)
i- ANY OTHER GENERAL REQUIREMENT ”

| NOTE: VENDOR SHALL SUBMIT COMPLETED DATA SHEET ALONG WITH OFFER
W'IIEREVER EN(:G DRAWH’JG IS NOT ATTACHED FOR THE VESSEL. '
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ANNEXURE - IT
MATERIAL SELECTION

The following table gives general guidelines for material selection for various Pressure /Non-Pressure Parls of the
equipment based on design temperature wherever material of construction is not specified by the process licensor.

PRESSURE PARTS ——
BOLTSSETURS!
DESIGN FLATE FIFE TUBES, FORGING NUTS ETUNS TIE RODS
TEMP,'TC SPACERS (SEENOTE | EXTERNAL T8, BOLTS
[SEE MOTE-11)| 12) (SEENOTER) | BAFFELS, SUPPORTS, TIE NUTS
RODS, SEALING, SLIDING INTERNAL
STRIPS ETC, {Mooe 8]
CRYOGENIC
COLDER SA 240 5A 312 SA 213 SAIRLGRF | SA 320
THAM (-} GRILICE, | TYPEIM | TYPE 304 04,3040 508 | GRBSACHT
196 UPTO (-} | 1183161 IMLILS, | JOdLINE, 1473160 STRATY
54 T IMPACT | 308347 | 3tel 34 HARDEKED
TESTED]
55 GRADE
COLDER §A 290 SA 312 $A113 SA 182, GRF SAME A% PRESSURE PARTS SAME AS
THAN (-}B0 | GEIMLI04, | TYPEMM | TYPE M4 304, FIHL, SA 104 GRS, TUBES
LPTO () v | 18316 IALIEG, | BOAL 306, FIi&L.31E LT
321,347 LI, | msLan, 121,347,
347 147
A 3534 SA 333 5A 334 54 522
GRA G GRW
LOW TEMPERATURE
COLDER SAMIGRE | SA3D SAIMGRI | BAISD SA THOLT 54 MNTGRLE 54133 SA I GRBS | OS5 KILLED
THAN ()60 | IMPACT ary GRLF SA 194 GR 7 ont
UPTO (-8 | TESTED SA 1M GRLE
{SEE
MNOTE-1)
COLDER SARTCLL | SA3M BANGRI | Al SATNLT SA SITCLI SA 113 SA 103 GRER | CEHILLED
THAN ()56 | IMNPACT [ & Gl L SATMGR T GR1
UPTO{.}&0 | TESTED SA 194 ORS
{SEE NDTE-
1]
COLDER SASIE(ALL | SA 33 SATMGRS | SAIS0 §A 30T SA-514 (1N ALL GRADES) £A 333 SA 19 GRLEE | CSKILLED
THAN [} 2% | GRADES) GREOR | ORGRI GRLF2 SA I GRT GRE
UFTO {-) 46 IMPALCT Git 1 BA 194 GRA
TESTED
{SEE NOTE-
11
O@ERG)OR | BASIGIALL | A 106 SATMORS | SA 108/ SA193GRBT | SA-516 (TN ALL GRADES) A 106 SA-13ORBS | CEKILLED
COLDER GRADES) GLE o | SA 1648 BA-194 G, 2K GRE
UPTO{-)2% | {(SEE {SEE {SEE NOTE {SEE NOTE A 104 ORE
NOTE2) NOTE 3) 1] k1]
i INTERMEDIATE TEMPERATURE
ABOVE O SASIS(ALL | %A 108 SAITS SA-10% SA-19 B7 -I06T7 SAME AS PHESEURE | 5A 108 SA-197 GLBE | 15-2082
UPTD 427 GRADES) anp EA-166 SAAMGRIN | PARTS GRE [WELDWALE
(NUTE 13) SA-I94GIE | QUALITY)
(ROTE 15
SAMTORII | §AXE A 213 SA 182 SA 1S3 GRET | SAME AS PRESSURE PARTS SAME AS SA-10) GRLER | 1% Cr% Mo
CLLTLY GHLPLI GRLTIN GRFIN SAIMGR T PRESSURE [COMML
PAR SA 1M GRH oLTY)
SAMITYPE | SA302 SA-I13 SA 182F SA-191 BT SAME AS PRESSURE PARTS SA 106 SA-IDGREE | SAME
104L,3 181, T 04l TP 341 0L 6L, SA-154 GR IH GRBE GRADE AS
21 {SEE 1717 FTI O 1T ¥ 1 a 5a-FMOLY | PREEBURE
NOTE 4) AN PARTS
™Iin
ELEVATED TEMPERATURE
ABOVE£27 | SAITORT) | SA NS SA211THN 5A 102 GR EA 19 SAME AS PRESSUIE PARTS SAME A% SAIORER | 1%Cr-3Ma
UFTO 538 CLIXCLE T SA21ITIZ Fli GRLEIE PRESSURE
SAATGRIZ | SA 335 54 1R2 SA T4 T PARTS SATMORE | OTLY)
CLICL: PL2 GRF12
ABOVE 427 | SAMOTYPE | SA NN SA TP SAVEIF I, | BT SAME AS PRESSLILE FARTS EAME A% SA-101 GILPA | SA 470G
LIFTO 500 A0 116321 SA 1T 34316, 321 | BIE 32 ORBIS PRESSURE 3041 31BL,
(SEE NUTE TYPE SA 194 GB, 7 PARTS SAIMGRE | 2
4 304,316,
131
SAME AS SAME AS
ABOVE 538 | SAMETORIY | BA NS 5A M3 TH S IR GR EA 190 GRBS | SAME AS PMREYSURE PARTS PRESSURE | PRESSURE 2V Cr.1 Me
LT 595 C1LCL 2 7] Fiz S 194 O3 FARTS PARTS {COMML.
SA 8T GRLII 54 538 Git QLTY)
CLCLD ¥i3
SAME AL SAME A5
ABCVE %00 | SA 240 SA M 5A 13 5A 182 5A 190 GROS | SAME A5 PRESSURE PARTS PRESSURE | FPRESSURE SA 4T G
UPTO 15 G204, SA 370 TYPE 304, | GRADES S 154 GRLE PARTS PARTS I04H,
JE6H TYPE TI6H, T2IH J04H, [STRAN (Mot ) FEH, I H
ITIH. IMH, I HARDENTD)
FEGH,
1H
Format No. B-00-0001-F1 Rev. 0 Copyright EIL — All rights reserned

Paade 2211 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A




STANDARD SPECIFICATION OF STANDARD SPECIFICATION No.

@%@Wﬂlumma PRESSURE VESSELS FOR PACKAGE 6-12-0030 Rev. 9
eyt - 18 e o Dols Liaimrimang ITEMS F"Bgl? 15 of 18
NOTES:

I

Plates are purchased to the requirement of the standard ASME 5A-20, which requires testing of individual
plates for low temperature service. Carbon steel material is ordered to meet the impact requirements of
supplement S35, of standard ASME SA 20.

For example, typical material specification would be as follows:

SA 516 Gr.70: 20 mm thick Normalised with impact test requirements per supplement S5 of SA 20 at minus
{(-) 46 °C.

2. All permanent attachments welded directly to 9% nickel steel should be of the same material or of an
austenitic stainless steel type, which cannot be hardened by heat treatment.
3.  Check for impact testing requirement as per UCS-66, for coincident temperature and part thickness.
4. Selection of stainless stecl material shall be based on process recommendation / process licensor.
5. This table is not applicable for atmospheric/low pressure storage tanks. Materials shall be selected as  per
API 650/API 620 as applicable,
6. Materials for caustic service, sour service or sour service + HIC shall be selected based on specific
recommendation of process licensor.
T Material for pressure vessels designed according to ASME Section VIII Division 2 shall be given special
consideration as per code.
8.  For Exchangers, Internal bolting shall be selected on the basis of shell side material solid or clad as follows:
SHELL MATERIAL  STUD NUTS
Carbon steel & upto 1% ASTM A 193 GR.BTM ASTM A 194 GR., ZHM
i o
5% Chrome A 193 Gr. B5 A194Gr. 3
13% Chrome A193Gr.B6 X A 194 Gr. 6
Stainless Steel A 193 Gr.* A 194 Gr.*
For low temperatures, min. quality of bolting material shall be as specified for external bolting and shall be
improved if shell side materials are better.
* Compatible / same grade of SS.
9.  Non-ferrous material and super alloys are not covered above and shall be selected based on specific
recommendation.
10. Material for vessel / column skirt shall be the same material as of vessel / column shell for the upper part
with a minimum of 1000mm.
11.  All tubes shall be of seamless construction.
12.  SA 965 shall be used for Heat Exchanger non-standard SS/LAS lorgings.
13. IS 2062 GR E250 Quality BR/BO shall be used for attachments not welded to pressure parts up to
temperature of 300 Deg. C maximum. In all other cases, attachments should be same as pressure parts.
Format No, 8-00-0001-F1 Rev 0 Copyright EIL ~ All rights resarved
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ANNEXURE - 111
DESIGN PHILOSOPHY OF TALL COLUMNS

Mechanical design of self-supporting tall column and its anchorage block shall be carried out considering
combination of various loads.

1.0 Loadings
The loadings to be considered in designing a self-supporting tall column/tower shall include:

1.1 Internal and/ or external design pressure specified on process data sheets.

1.2 Self weight of column inclusive of piping. platforms, ladders, manholes, nozzles, trays/packed beds
(including liquid hold-up) and other internals, welded and removable attachments, insulation, fire-proofing
and operating liquid etc. The weight of attachments to be considered shall be as per Table-1 enclosed.
Other loadings as specified in UG-22 of ASME Code Sec. VIII Div.1, wherever applicable.

L3 Seismic forces and moments shall be computed in accordance with IS 1893 (latest edition) or it shall be
based on meteorological and seismic data of the site, if attached with the bid package. Unless otherwise
specified, importance factor and damping coefTicient shall be considered as 2 and 2% respectively.

14 Basic wind pressure and wind velocity (including that due to winds of short duration as in squalls) for the
computation of forces/moments and dynamic analysis respectively shall be in accordance with IS 875 Part-
3 (latest edition) or site-specific wind data if attached with the bid package. Additional wind loading on
column due to external attachments like platforms, ladders, piping and attached equipment should be given
due consideration.

1.5  Loadings resulting in localised and gross stresses due to attachment or mounting of reflux/reboiler,
condenser, etc.

2.0 Loading Condition

Analysis shall be carried out for following conditions:

2.1 Erection Condition : Column (uncorroded) erected on foundation, without insulation,
platforms, trays etc. but with welded attachments plus full wind
on column.

2.2 Operating Condition : Column (in corroded condition) under design pressure, including

welded items, trays,- removable internals, piping, platforms,
ladder, reboiler mounted on column, insulation and operating
liquid ete. plus full wind, on insulated column with all other
projections open to wind, or earthquake forces,

23 Test Condition : Column (in corroded condition) under test pressure, filled with
water plus 33% of specified wind load on un-insulated column
including all attachments shall be considered.,

24 Earthquake and wind shall be considered not acting concurrently.

3.0 Deflection of Column

Maximum allowable deflection at top of column shall be equal to height of the column divided by 200
limited to 300mm maximuom.
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3.1 If the deflection of column exceeds the above allowable limit, the thickness of skirt shall be increased as

32

3.3

4.0

5.0

6.0

7.0

first trial up to a maximum value equal to the column thickness and this exercise shall be stopped if the
deflection falls within allowable limit.

If the above step is inadequate, skirt shall be gradually flared to reduce the deflection. Flaring of skirt shall
be stopped if the deflection falls within limits or half angle of cone reaches maximum limit of 9 degree.

If the above two steps prove inadequate in limiting the deflection within allowable limits, the thickness of
shell courses shall be increased one by one starting from bottom course above skirt and proceeding
upwards till the deflection falls within allowable limits.

Stress Limits

The stresses due to pressure, weight, wind/seismic loads shall be combined using maximum principal stress
theory for ASME Section VIII Div I. Thicknesses are accordingly chosen to keep the stresses within limits

as per Table-2.
Skirt Support Base

Base supporting including base plate, anchor chairs, compression ring, foundation bolting etc. shall be
designed based on over-tuming moment (greater of seismic or wind). A minimum number of 8 foundation
bolts shall be provided, Nos. of foundation bolts shall be in multiple of four.

Minimum Hydrotest Pressure

Minimum Hydrotest Pressure shall be equal 1o 1.3 x design pressure x temperature correction factor, as
specified in ASME Code Section VIII Div | (Clause UG-99). The term test pressure shall apply to the
pressure measured at the highest point of vessel in its operating position and shall be applied to the highest
point in its test position.

Dynamic Analysis of Column

Dynamic analysis of each column shall be carried out for stability under transverse wind induced
vibrations as per standard design practice and calculations for each column shall be submitted to EIL for
approval. The recommended magnification factor for unlined towers/column shall be taken as 70 and
allowable dynamic amplitude shall be limited to tower diameter divided by five.
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TABLE-1

DETAILS AND WEIGHT OF COLUMN AND VESSEL WITH SKIRT ATTACHMENT

These loads/weights are minimum to be adopted in design based on their applicability. However, in case actual
loads/ weights are more the same shall be considered in design.

I Shape factor for shell 0.7 (minimum)
(for wind force calculation)
2. | Weight of trays (with liquid) to be considered, | 120 Kg/m?* (minimum)
as applicable
3. | Weight of plain Ladder 15 Kg/m
4. | Weight of caged ladder 37 Kg/m
5. | Equivalent projection to be considered for 300 mm
wind load on caged ladder
6. | Distance of platform below each manhole Approx. 1000 mm
T Maximum distance between conscoutive 4000 mm
platforms
8. | Projection of Platform 900 mm up to 1 meter dia. column and
1200 mm for column dia. > | meter, from |
column insulation surface,
9. | Equivalent height of platform (for wind load 1000 mm
computation)
10. | Weight of platforms 170 Kg/m®.
11. | Platform shall be considered all around
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TABLE-2

ALLOWABLE STRESSES FOR COMEBINED LOADING

VESSEL CONDITION/TEMP. TYPE OF CONDITIONS
STRESSES
ERECTION OPERATING TEST
NEW OR CORRODED NEW CORRODED CORRODED
TEMPERATURE AMBIENT DESIGN AMBIENT
LONGITUDINAL TENSILE STRESS KxSxE KxSxE 0.90xYPxE
LONGITUDINAL COMPRESSIVE STRESS KxB ExB B
CIRCUMPERENTIAL TENSILE STRESS - ExSxE 0.90xYPxE
Where,
8 = Basic allowable Tensile Stress as per Clause UG 23(a) of ASME Code Sec. VII Div. 1.
B = 'B' value calculated as per Clause UG-23(b).
E = Weld joint efficiency of circumferential weld, depending on extent of radiography.
K = Factor for increasing basic allowable value when wind or seismic load is present.
YP = Yield strength of shell material

Note: Allowable stresses in skirt to shell joint shall be as per following:
a) 0.49S, if joint is shear type.

b} 0.70S, if joint is compression type
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Abbreviations:
Al American Petroleum Institute
ASME American Society [or Mechanical Lnginece:
ABTM American Society [or Testing & Malcrials
AWS American Weidiny Society
BIfw Brincll i lardness Number
HAZ . Hear Affecied Zone
15 Indian Standard
NB : Nominal Bore
PWHT - Post Weld Heat Treatment
QISD - Uil Industry Safery Dircelorate
NACE - Nationl Association of Corrosion Engingers

Static Equipmcin Standards Commitiee

Convenor : Mr. Malin Kumar
Co-Copvener; Mr X Atjanevalu

Members: Mr. Tarun Kurmar (Fmp. No, A3 25
Mr. ‘Tarun Khurans { Coordinator)
Mr. FV S Satyanaravina
Mr. Anish Trehan
Mr. P Barik
Mr. Saikat Chakraboity
Mr. Pivush Survavanshi
Mr. Mittal Kumar Patel
Mr. Srikanth Karanam
Mr. Aasheesh Handa (Projects)

Mr. P'rabhakar Choudhary {ShINS)
Mr. Avdhesh Agrawal {3CM-Inspection)
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L0 GENERAL

1.1 This specification covers the requirgments for design, fabricalion, erection, inspection and (esting of
[1xed roof carbon stecl and stainless stocl storage lanks al atmospheric pressure. Bur a higher internal
pressure is permiticd when additional reqrirerments are met.

1.2 This specitfication covers the general and broad requirements [or fixed roof fanks which are used in
various units of Oil Releries & Petrochemicals Plants, such as DM Unit, Waste Water Treament
Lonit, Power Plant Unit, Fire Water L'nit, Amine Treatment Uinit, Sour Gas Ireatment 1 rt, cle,

1.3 Requirements as stipulated in this specification shall be fullowed over and abave the minimum
requirements slated in the design code, The desim data piven in Project Specifications/drawings shall
take precedence over requirements given herein.

1.4 Contractor shall [umish wnk dala sheels for esch equipment indicating design eade, Malerial
Specification, Principal Dimensions, General Requiremeis ete. with the ofier,

1.5 Detailed Design Calcuiations, Complele Fabrication Drawings, Testing Reguirements, Certilication
and any ather Stawtory Registration of the Equipment and its design shall be furnished by 1he
Contraclor on award of contracl as per Vendor Nala Requirements for review,

16 Addenda to his specification, if any, indicaling special requirements shall form a part of this
specitication and shall govern wherever in conflici with the provisions containcd herein,

1.7 For bought out items/Componcats, E1. recommended Yendor [list is provided in subscquent seclions.
In case Contracior proposes any other vendor for bought out ilems/ Components, then the proposed
supplier shall be a reputed manufacturer, Contractor shall submit for Client'E1L approval the necessary
documents regarding Praven Track Record (TR} of the proposed supplier w.r.i the boughi-out item /
Components, As 2 minimum, two (112} sets of ilems shali have been supplicd for tankage applications
and out of these, one {01} vet shall have heen successully corumissioncd within the last ten vears trom
bid due date. Contractor shall place ihic order on the proposed supplier only after oblaining approval
from Clicnt/EIL. There shall be no costitime implication on this account.

2.0 REFFRENCES

1 Design Codes

The following codes in their lutest cdition shall form fhe basis for design, labrication, inspeetion,
lesting and acceplance of slorage tanks:

APL ST 650 : Welded steel tanks for oil storage.

I8: 803 ; Code of Practice for design fabrication and ercction of vertical
mild steel evlindrical welded oil storage tanks,

15: 873 (Part 3) : Code of Practice for design Ioads Wind Loads {eiher than
earthquake) [or buiiding and struclures.

150 1893 & for Site Spectra ; Criteria for Earthquake resistani design of structures,

I5: 4682 (A1l Parts) : Code of Practice for Lining Vessels and Equipmcnt for Chemical
Process,

APL STD 2000 : Yenting Atmospheric and Low Pressure Storage Tanks,

15: 2007 : Method for Calibration of Vertical (il Storage tanks,
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15: 2008 : Method for Computation of Capacity Tables for Vertical (il
Storage Tanks.
APIL: RI* 2003 : Protection againsl ignilions arising oul of static, lighining and
stray currents for Gil Tanks.
APL: RP 345 : Recommended Practice for Lightening Protection of Above
Cironnd Storage Tanks Tor Naminable or Combustible Liguids.
API-RP 045 ¢ Aveiding Environmental Cracking in Amine Units.
NACE SP0405 : Avoiding Caustic Slress Comosion Cracking of Carbon Steel

Refinery Equipment and Piping

NACE SPD472 : Method & Control to Prevent In-Service Environmental Cracking
af Carbon Stecl Weldments in Comosive Petrolewn Refining
Environments.

22 Material Codes
Material 1o be used shall conform to:
a) ASME Buoiler and Pressure Yessel Code Scetion [

b} Indian Standard Specilication.
o) Aanerican Petroleum lustitute standard, API 630

23 Regulativns

National laws and regulations together with local bye-laws Jor 1the country or state wherever the lanks
are to be erected must be complicd wilh,

3.0 DESTGN BASTS

31 F'or Tixing the nominal capacity of the tank, allowancs tor free board {minimum 300 mm1 & in no case
supporting root stricture be in contaet wilh fluid), vapour space and the dead liguid space at the
boitom shall be taken into account. Tank diameter and height shall be Nimmed vp based on nomimal
capacity {cylinder volume). Vendor to suitably check, adjust height & inform EIL for approval.

3.2 ‘Tanks shell shall be designed as per the code considering the liquid height up to curb angle of the shell
using one-fout method. llowever, for scismic load calculalion, opirating liguid level may be
considered.

33 Tanks shall be designed, fabricated, erected and tested in accordance with the applicable code, All
design calculations shall bé carried oul W corroded condition,

34 Allowable Stresses
341  PBasic allowable stresses for shell, root ¢te, shall be the valucs specificd in the desian code,

342 The allowable stresses for structural manbers and anchor bolts shall be as specified in applicable
design code,

3.5 Wind and Sesmic Loads

3.5 1 Wind load shall be calculated as per Indian Standard IS 875 Part 3 or site speeific wind data it attached
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with the bid package. But uplift and anchorage requirements shall be calculated as per APt 650 for
wiind load.

352 Farthguake forces shall be caleulated in accordance with Indian Standard IS: [893 or it shall be based
on meteorelogical and seismic data of the site, i attached with the bid package. For caiculation of
scismic loading, procedure given in Appendix E of API 650, shall he followed.

A6 Corrasion Protection

360 The commusion allowance for cach tank shall be as ziven in Tank dats sheet alluched wilh the bid
package. Otherwise, it shall be determingd by its irtended service conditions and service life.

362  Roof Supporting Structure, if provided internally as per EIL standard, shall be protected with proper
primer and painting as per the provisions of painting specification,

363 Ronovable internal parts, bolled or clamped in-place, shall have exira thickness equal to half of
specified corrosion allowance over each exposcd surluce.

3.7 Root and Sapporling Strecture

371 The roafing plales shall be self-supported or supposted by structure. Cofumn supported root shall be
not aceeplable. The root and it's supporting structure shall be designed to carry the dead loads, intemal
and external pressure as specified in process data sheel and live loads as per the design code. Rool
plaics shall net be atbached w the supporting members but will rest on il Supporting Structure shall
not be immersed in stored media.

Wherever corrosion allowance tor rool 1s more than Imm ar the tank is rubber lingd, rool structure
shall be provided calernally. Central drum, curb angle shafl be suitably modified ete. ElL standards
shall be used for guidance only. Hawever, il any protective coating like cpoxy clc. 15 provided Lhen
raof structire may be provided inside the tank as per Tl standards, Exlernal roof structure shall be
attached 1o rool-plate with pad plate,

L
-~
I~a

3.7.3  Roof 1o shell joint shall he frangiblc 1ype. Otherwise, suitable emergency venting devices shall be
provided as per API Standard 2000.

3.8 Tank Foundation and Anchorage of the Tank

181  Ancher bolts shall be provided if required by caleulation for uplifi or stability for wind and seiamic
load. Minimum anchor boll size shall be M24 excluding any corrosion allowance on boll diameter,
Ieavy galvanized bolts and nut shall be vsed for anchor, IF corrosion allowance is specified on anchor
bolt, it should be added wo the bolt diameter.

3.8.2  ‘tunks having design (emperature more than 93°C shall have thermal barmer {suitable fire bricks)
between {ank bottom plate and foundation.

383  Under-txok Leak Deteetion for Acid and Alkali Services:

3.83.1 Acid service lanks shall be supported on piers above grade. Details of fonndation Tined with acid prool
tiles, shall be as per EIL standard 7-67-0004 (Foundation for Acid Tanks).

3.8.5.2 Alkali service tanks shall rest on flat foundation. Foundation Toor shull be lined with alkali resistant
hitumen mastic. Minimum 100 mm wide druvinage channels ( radial and circelar, depending on the
size of tank ) shall be provided on the top of foundation,

3.8.3.3 Thickness of tank bottom shall be delermined as per APL 650 Appendix-[ for tank bottom supported by
piersf/erillage. Maximumm deflection of corroded bottom plate shall not be more than half of the

thickness,
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3.9 Bottom Plate

3.9.1 Unless otherwisc specified bottom plate slope shail be 1:100 from the centre of the lank wwards the
shell.

397 Buti-welded annular ring below shell {minimum & mm thick excluding corrosion allowance) shall he
provided tor all 1anks of diameter 12 m and above.

3.93  Bottom plates ol tarrks which are resting on pier/grillage for under-lank leak delection shall be of butt
welded construction.

4.0 APPFURTENANCES AND ACCESSORILS

4.1 Size of roof'/ shell manhole shall not be less than 600 mm NB. Minimum number of manholes shall be

as follows;
Tank Diameter Shedl Flush Type* Roof*
Manhole {leanout Doors Manholes
Diamecier. = 12 m 1 mil [
12 m < THameter < 45 m 2 I 2
A3 m < DHameler = 61 m 3 2 2
Diameter. > 61 m 4q 2 2

*Flush Tvpe Cleanout door shall be provided where heavy sludge accumulation iz there ar when it is
specitied in the process data sheet.

4.2 Platfarms and Stwirways

42,1 ‘Tanks with tnstrumentsfaccessortes located on the roof shall be provided with platform (Minimuwm size
1.2 m x 0.8 m) on root. Platlorm shall be sized and located to permit easy access to those irems.

422  Primary access to rool shall be by mneans of cage ladders for tanks with height up to 6 m and by spiral
stairways [or tanks with height more than ¢ m.  Intermediate landings shall be provided for spiral
slairways, preferably al every 5 m interval.

423  Hand railing shall be provided for stairways and all around the tank rool

4.3 Other Accessories

43.1 Al tanks shall be provided with veniing device, Tevel indicators and earthing connections. A gauge
hatch with cover for gauging and sampling purpose is to be provided on the tank il specified on tank

data sheet.

4.3.2  For pressurised tank, if manual sampling or gauging is needed, slot-dipping device of 150 mm NB
mimmenn of reputed make shall be used.

455 Dmergency Vent of Suitable size shall be provided for fire exposuie case as per AP 2000 i necded.
50 MATERIAL SPECIFICATION

5.1 All materiats shall be as per applicable codes and EIL Standards. Material test certificates/documents
shall be submitted to Tnspeclor for verification.
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51 Plite matertal contorming to 15: 2062 or as listed in AP 650 shall be used. Plates shall be in killed or
semni killed condition and shall be guaranteed for weld ability. Preduct analysis of each heat shall be
casrried oul,

3.3 Manhole necks and nozzle necks of 250 mm NB and ahove may be fabricated irom same piale
mateial as vsed for shell,

54 Requirements of impact. test of malerials of construction shall be complied with when needed as per
AP 650,

55 All Nozzle flanges shall be forged type. Ring type flange fabricaled [rom plate shall not be used. For
Caustic, Sour and Amine services all nozzle flanges shall be WN tvpe.

3.0 Pipes for nozrles shall conlimm 1o AP 5L, 15: 1978, A-53 or A-106. Pipes for nozzle & heating coil
shall be ol seurnless quality.

5.7 All ¢lips and sttachments zhall be tabricated trom carbon stee] plates of weld-able guality,

538 Hand rails on stairway and tank top shall eonform to 15 1239 (medium) and galvanized or painted as
per Tender.

5.9 Platforms, spiral staitways/ladders and gangways shall have Electro-forged gratings or painted as per
Tender,

310 Gaskets for manholes and nozzles gbove 430NB shall be dmm thick compressed non asbestos,
I lowever, requircmients of M5 (Approved Piping Material Specification) should be complied with.

511 Studsballs and nus for all nozzles fitted with blind flanges shall conform to ASMIE A-193 (r. BT A
194 Gr.2H. Bolts and nuts for all struciural paris shall conform (o IS: 1363,

5.12  Dimensions for nozzle flanges shall conlorm 10 ASME B16.5 [ur stze up Lo 600 mm NB and o ASME
B16.47 Scrics B [or sizes above 600 mm WB. Dimensions for manhole flanges and covers shall be as
per the design code.

513 Buuy of floating suction/skimmer shall be of stainless steel of grade suitable to stored product.

5814  Materials for Allzali, Amine and Sour Waler Services

5.14.1 Plate material conforming to ASTM-AS516 Gr.60 shall be used for Caustic, Sour and Amine services,

3142 For Cavstic, Sour and Aotine services all novels pipes shall be ASTM A 106 Gr. B,

1435 For Caustic, Sour and Amine services all clips and welded attachments shall be of ASTM A 516
Gr.60.

6.l WELDING CONSTMAEBLES

6.1 Selection of welding consumables shall be based on the general chemistry of deposiled Lller metal
which shall be the same as that of the hase metal. Welding electrode specification shall conform to
Indian Standard 15:8314/ASME Builer and Pressure Vessels Code Section [I{C). However, minitnum
requirement of applicable codes and Appendices shall be adhered to:

6.1.1 Low hydrogen electrodes shall be used for all manual metal are welds of shell courses having a
thickness of 12imm and above.
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6.1.2  Tow hydrogen electrodes shall be used for atachment welds of shell (0 betlom or annular plate and
annuler plate butt points.

6.1.3  For all other welding, high ¢ellulosc/rutile type electrodes as per the AWS classification SFA 3.1 shall
be used.

6.2 Based on abave, fabricator shall furnish brand names of welding consumables (g Inspecting Authonily
[or approval.

.0 FABRICATION AND ERECTION

7.1 During fabrication, conimaclor shall provide guy ropes and ofher means ta safcguard semi-finished
slorage tunks against damape due o severe winds,

7.2 All welding shall be in accordance with the applicable design code and welding process shall be
electric fusion shielded metal arc unless otherwise speeificd.

1.3 Welding procedure qualification shall be carried out as per 18: 823/ASME Boiler and Pressure Vissels
Code Section 1X. Welders shall also be qualified in the approved procedure as per the requirements of
the Code. These qualilication tests shall be arranged by the Contractor at his cost and withessed by

EIL/Owner Inspector.

7.4 Roof and Bottom piates of tank [or Amine, caustic & sowr water services shall be of butt welded
construetion,

7.3 Vertical joints in adjacent shell courses shall be offset by al least 1000mm. Vertical and horizental
joints shall alzo clcar the nozzle welds and reinforcement pad welds and minimum distance hetween
wilds shall be as per Cnde.

7.6 Stflening ring {wind girder)y shall be provided on the 1ank as per requirements of the code. 15 mm
diameter drain holes suilably slaggered shall be provided on the harizontal part of the stiffening ring,

7.7 Manholes and noezles with blind flanges/covers/companion tlanpe shali be provided with gaskels and
beliing. 10% spare bolting (Minimum 2 nos.) and 200% spare gaskels for each shall alse be supplied
by Contractor.

1.8 Nozzles for suction liculers and mixer attachment zhall be provided with stiftencrs. Jet mixer pozzic
shall be furnished with a double [Tange and shall be oriented minintum 90° away from pump suction
noFzFle,

7.9 Heating coils shail be supported from tank boltom plate. Cotl supports shall not be welded to tank
bottom. No serewed or [langed connections shall be used inside the tank.

B0 POSTWELD HEAT-TREATMENT

8.1 Tanks inlended for Sour Services and Amine Scrvices shall be fully siress relieved after completion of
fabrication.

8.2 If it is specitically nol asked for, all tanks intended for alkali / canstic services shall be stress relioved
based on the concentration of the alkali solution and design temperature as per requitements of NACE
K1 0403,

3.3 Completed tank mnay be stress relieved in-situ on final foundation or on nearby temporary foundation.
In both the cases. Apency shall have past cxpericnee ol cammying oul PWHT of storage tanks of
comparable sizes und Track record along with procedure of PWHT with tank stiffening details shall be
submmitted post order.
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B4 If tank is e stress relieved in-situ, necessary arrangement for isolation from foundalion by providing

fire bricks of adequate strength and propertics shall be made over the [oundation by the tank fabricator.
Necessary provisions {(slot) shall be kept in anchor chairs and tank bottom plate to take care of the
expansion during stress relieving. Foundation and tank hottom shall be properly sealed aller PWHY to
provent ingiess of water,

.5 Whenever stress relieving is required, complete tank shall be stress relieved meeting the requirements
of UCS 56 of ASME B & 'V Code Sec. VI Div. 1, but withowt reducing the soaking temperature and
mereasing the time.

3.6 Hardness of base metal, weld deposit and HAZ shall be as per Clause 2.0 of EIL Specification 6-15-
O0%1 for Cavstic, Sour and Amine services.

9.0 STAINLESS STEREL TANKS
Based on process requirements or if mentioned in data shect, a tank shall be fabricaled oul ol stuinless

sleel. ln that case materials of components of tank shall be selected and designed as per Appendix § of
APT 6510

10.0  INSPECTION AND TESTING

Adl tanks shall be subject 1o inspection by EIL/Owner or a third party. The Inspector shall have free
aceess 1w the contractor's shop/work site.  The Contraclor shall provide all [acilities hike tools and
tackles, instruments and persounel to inspector.  Approval of Inspector shall in no way relicve the
comiraclor of his responaibility for proper exccution of work.

WLl The Inypection shatl include but net be limited to:

al Fxamination of matenals of construction,
I Welding procedure and Welder's qualification tests.
¢) Various non-destructive tests like radiography, Dyve penetram, Vacuum box tesling

ete. as per codo/statutory regulations or guidelines.

d) Checking of dimensions
| Pressure testing and certification cte.
[} Hardness testing

10.2  Wherever specified in cade, dye pencleant/magnelic particle examination shall be carried out on the
welds. Shell weld seam as a minimum, shall be spot radioaraphed. Fxient of radiography and
acceptance criteria shall be as per Lthe relevant provisions of the code.

10,3 The inner fillet of batiow or annular plate to shell weld shall be leak tested with penetrating oil atter
removal ol slag prior to welding of outside filler weld.

1.4 Aller completion, tank shall be hydrastatically tesied by Nilling water and all weld joints shall be
hammered and inspeeted [or any leakage. In case of any defect. it shall be repaired and retested as per

the instructions ol Inspector.

10.5  Heating coil shall be inspected 25% of its weld joinls by radiography. Heating coil shall be
hydrostatically pressure lested wilh 1.5 times the design pressure.

110 TOTL.ERANCES

Fabrication tolerances on shell, bottom, foundation, ete. shall be as per applicable code.
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120 CALIBRATION
Strapping and caiibration of tanks shall be donc in accordance with Indian Standards 15: 2007 and
[5:2008. Datum plate shall be welded to tank bottom vertically below the gauge hatch.

13.0 PAINTING
Surface preparstion and application of primer and paint shall be in accordance with painting
specification attached with the bid package.

140 GUARANTEE
The Confractor shall guarantee the tanks for dosign, materials and workmanship as per the (General
Conditions of Contract (GCC)YSpecial Conditions of Contract (3CC) attached with the bid package.
Otherwise, guarantee shall be as follows:
Any part of tank found defective within guarantce period as defined in GCC/SCC and not having been
subjected to faulty manipuiation or wrong service conditions shall be promptly repairedfreplaced and
reassgmbled by the Contractor at his own cost failing which, the owner has the right to get the same
replaced/repaired by others and charge the cost incurred to the Contractor,

150 DATA FOLDER
After completion of the job, the Contractor shall supply the following data:
Code compliance certificate, design calculations,  "As Built" drawings of the tank, material test
certificate, heat trcatment report if any, final inspection and test certificates.

16.0 LIST OF ATTACHMENTS
I 6-65-0061 STANDARD SPECIFICATION FOR ACIDFALKALIL

PROOF LINING WITH BITUMEN MASTIC '
2. b-65-0062 STANDARD SPLCIFICATION FOR ACID/ BROOF TILE
3. 7-13-0001 EARTH CONNECTIONS
4, T-13-0002 ANCHOR CHAIR
3, T-13-0003 HOT INSULATION SUPPORTS FOR STORAGT, TANKS,
6. T-13-0004 STORAGE TANK STRAM CONI.,
s 7-13-0005 JET MIXER
5. T-13-0{46 LEVEL INDICATOR SUPPORTS
o 7-13-0007 GALUGE HATCH WITH COVER
i T-13-0H08 FOAM SYSTEM (FOR CONE ROCTE / TLOATING ROOF
TANKS)
11. T-13-0009 DEAIN OUTLET (FOR TANKS)
12, 7-13-0010 CAGE LADDER FOR FIXED ROOF TANK
13 T-13-0012 NAME PLATES
Farriat Mo, 8-00-0001-F1 Rev. 0 Copyrnght EIL — All righta reserved
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14. 7-13-0013 SPIRAL STAIRWAY AND HAND RAILING FOR CONE
ROOF/FLOATING ROOF TANKS (WITH ELECTRO FORGE
GRATING)

15. 7-13-0022 STILI-WELL FOR LEVEL 'TRANSMITTER (5LRVO
LEVEL XR) (FLOATING ROOT TANKS / CONE ROOF TANKS).

16, 7-13-0023 STILL-WELL FOR TEMPERATURE ELEMENT {CONE
ROOT TANKS),

17, T-13-00359 DEFLECTOR PLATE FOR COOLING SYSTEM

18. F-13-0040 STRINGER TYPE SPIRAL STAIRWAY AND
HANDRAILING FOR CONE ROOF /FLOATING ROOF  TANKS

19, 7-13-0041 STILL WELL FOR LEVEL TRANSMITTER (RADAR
TYPE) FLOATING ROOF f CONE ROOF

20, F-07-0004 FOUNDATION FOR ACIL TANE LINING

2] 7-63-0509 STEEL LADDER JOINT DETAILS

22 T-03-06080 ROOF STRUCTURE FOR CONE ROCEF TANK, JOINT
DETAILS (THA. # 40 M)

23. T-68-0661, 7-68-0663 STRUCTURAL ARRANGEMENT OF CONE ROCH?

TO 7-68-0675 {(WHICHEVER I5 APPLICARLE)
24, T-68-0697 ELECTROFORGED GRATING TYPE-I & TYPE-II

Fonnat Wea. 8-00-0001-F1 Reyv. 0
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17.0  ANNEXURE-I (VENDOR DATA REQUIREMENTS)

...................................

st | Emri;‘ﬁ, OF ©  MIN.NO.OFSETS |
i 2 BESCRIPTION 5 . (AFTER PLACEMENT OF
: NO, ¢ (WITH THE : ORDER '
. By -
CCOMPACT |
| DISC/ELFC - .
TRONIC ERBVTS
e A FORML
1. ;Data shectl L Tank 1 2 -
- | Posu weld Heat Treatment Procedure of the  + I
i complete tank along with track record - " @ 7

Mechanical Design Calculations- : |
' a) Shell, boltom, roof etc. | 9

3. - . - -
b} o standard and external rool
SUPPOIing struciure.
General arrangement drg., giving design data, ;
4 basic dimensions, thickness, nozzles and 5 : P

intemal parts along with orfentalion and
i material specifications.

" Details of shell, bottom and roof & roof ;
3. . structure showing their welds, nozzles and - 2 -
i manhole connections, interals cie. | '

6 Dciails ufplatf‘urm ladder and other 2 ~ |
. accessarics. ; - | g |
7 " Material teat certificates for plates, pipes and _ 4 B ]|
' flanges. N P !
3 Weld]ng pmccdum and welder's qua[lTJcatmn B 3 } :
y i Radmﬂmphu. test rep-nrtq (Tllms [EN] I:u.. alured : 5 ~ '
i forSvears) : B : :
o0 Heat Trcatmcnl Rﬂpﬂ]“l’ - 2 -
1, | medure & Repant of Inwmﬁ] L]m:l i Cuatlng - 2 -
; ],, Final Inspection Certificate and h\-dl’ﬂitﬂflc- S _ 2 - _
b T wst certificate 1
SO el eSO R —— .
 Final as built drawings (covering SI. No. 3 & |
13, : - 2 -
1M forinformation,
Mote 1 lerns at 81 No. 2,3, 4 & 3 are required [or review by EIL.
. Ilems at 81 No. 6 to 10 are required by lnspeclion Agency.
3 Al drawings shall be drawn in AuteCAD R-14 or above. No hand drawings shall be
accepted. ATl caleulaticns shall be computerized.
£, Documents and [eilers shall be firnished in electronic format, The sellware used shall be as
foliows:
aj MS QFFICE 2007 (OOR ARBOVTE
b) ADOBE ACROBAT 9.0 OR ABOVE.
3 Number of sets with Tids or afier placement of order shall be as per Tender or Requisition.
Format No. §-00-0001-F1 Rey, Copyright EIL — Adl righits resaned
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STANDARD SPECIFICATION
FOR
STORAGE TANKS

B8 02.04.24 REVISED & REISSUED AS STD. SPEC 5C

T 30,0818 REVISED & REISSUED AS STD. SPEG. RKK TK KJH RKT

B 30.07.10 REVISED & REISSUED AS STD. SPEC. KA RET AKM ND
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4 23.03.04 REVISED & REISSUED AS STD. SPEC. DN AKM S5A 5KG

3 09.01.57 REVISED & ISSUED AS STO. SPEC. A KUMAR AKM CRMN ASONI

~ Standards  Standards
R Committee Bureau
H:VI Date Purpose Prepared by Checked by Convenor Chairman
Approved by
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Abbreviations:
APl : American Petroleum [nstitute
ASME : American Society of Mechanical Engineers
ASTM " American Society for Testing and Materials
ATF : Aviation Turbine Fuel
AWS : American Welding Society
CI ; Cast Iron
EFR 2 External Floating Roof
FR : Floating Roof
GA : General Arrangement
IBR : Indian Boiler Regulations
IFR : Internal Floating Roof
IS : Indian Standards
NACE > MNational Association of Corrosion Engineers
NB : MNominal Bore
NBR : Nitrile Butadine Rubber
oIsD : Oil Industry Safety Directorate
58 : Stainless Steel
uTs : Ultimate Tensile Strength

Static Equipment Standards Committee

Convenor : Mr. Nalin Kumar
Co-Convenor : Mr. K. Anjaneyulu

Members :

Mr. Tarun Kumar (Emp. No. A328)
Mr. Tarun Khurana (Co-Ordinator)
Mr. PV Satyanarayana

Mr. Anish Trehan

Mr. P Barik

Mr. Saikat Chakraborty

Mr. Piyush Survavanshi

Mr. Mittal Kumar Patel

Mr. Srikanth Karnam

Mr. Aasheesh K Handa (Projects)
Mr. Prabhakar Choudhary (SMMS)
Mr. Avdhesh Agrawal (SCM-Inspection)
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1.0 SCOPE

1.1 This specification covers the general requirements for design, fabrication, workmanship, erection,
inspection, testing and supply of storage tanks and is intended to supplement the minimum requirements of
the applicable codes.

1.2 Supplementary specification indicating special or additional requirements shall form addenda to this
specification and shall govern. Supplementary specification, when made addenda to this specification shall
be referred to in the Bid Document.

1.3 In case of conflict, the order of preference shall be as follows:

a) Engineering drawing

b) Specifications

¢) Codes

As a general rule, the most stringent requirements shall govern.

1.4 For bought out items / Components EIL recommended vendors list is provided elsewhere in the Tender, In
case, Contractor proposes any other vendor for bought out items/ Components, then the proposed supplier
shall be a reputed manufacturer. Contractor shall submit for Client/EIL approval the necessary documents
regarding Proven Track Record (PTR) of the proposed supplier w.r.t the bought out item / Components. As
a minimum, two (02) sets of items shall have been supplied for tankage applications and out of these one
(01) set shall have been successfully commissioned within the last ten years from bid due date. Contractor
shall place the order on the proposed supplier only after obtaining approval from Client/EIL. There shall
be no cost/time implication on this account.

2.0 REFERENCES

2.1 Design Codes

The following codes in their latest edition shall form the basis for design, fabrication, inspection, testing
and acceptance of storage tanks:

API Standard: 650 ; Welded steel tanks for oil storage.
(Items not covered by AP1-650 shall be as per [S-803.)

IS: 803 : Code of practice for design fabrication and erection of vertical mild
steel cylindrical welded oil storage tanks.

API Standard: 620 3 Design and construction of large welded low pressure storage tanks.

IS: 875 (Part 3) : Code of practice for design loads Wind Loads (other than earthquake)
for building and structures.

IS: 1893/Site Spectra : Criteria for Earthquake resistant design of structures.

API STD: 2000 ; Venting atmospheric and low pressure storage tanks.

IS: 2007 : Method for Calibration of Vertical  Oil Storage tanks

IS: 2008 I Method for Computation of capacity tables for Vertical Oil Storage
Tanks,

Format Mo, 8-00-0001-F1 Rev. 0
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APIL: RP 2003 : Protection against ignitions arising out of static, lightning and stray
currents,
APL: RP 545 - Recommended Practice for Lightening Protection of Above Ground
Storage Tanks for flammable or Combustible Liquids.
2.2 Material Codes

Material to be used shall conform to:

a)  ASME Boiler and Pressure Vessel Code Section 11
b) Indian Standard Specification,
¢)  API Standard 650 & 620.

23 Regulations
National laws and regulations together with local bye-laws for the country or state wherever the tanks are
to be erected must be complied with by the fabricator.

30 SELECTION OF MATERIALS

L | All materials shall be as per EIL Engineering Data Sheet, EIL Specifications and applicable Codes.

32 Manhole necks, nozzle necks 250 mm NB and above mﬁy be fabricated from same plate material as used
for shell,

33 All nozzles except manhole shall be fitted with forged flanges.

34 Heating coil pipes shall be of seamless quality.

3.5  Allclips and attachments shall be fabricated from carbon steel plates of weldable quality.

3.6 Gaskets for manholes shall be 3mm thick compressed non asbestos.

3.7 Bolts and nuts for all nozzles fitted with blind flanges shall conform to ASTM A-193 Gr. B-7, A-194 Gr.
2H. Bolts and nuts for all structurals shall conform to IS: 1363. Bolt and nuts for Manholes shall conform
to ASTM A 307 Gr. B or IS 1367 CI. 4.6/ C1.4.0.

3.8 Floating roof pipe supports and pipe sleeves shall be of carbon steel conlorming to seamless ASTM A-106,
A-53, APL5L, 1S:1978 or equivalent.

39 For all Material of Construction, requirement of Impact Testing shall be complied with as per API 650.

4.0 DRAWINGS AND DOCUMENTS

4.1 All individual tank data sheets shall have dimensional/design data as well as material specification. Final
drawing with revisions, if any, shall be issued after award of contract/purchase order.

4.2 Contractor shall submit the detailed design calculation for floating roof (FR). wherever called for in the
tender document for E1L's review.

4.3 Contractor shall prepare all design calculations and fabrication drawings based on the drawings issued on
award of contract/purchase order and shall include the Documents and Fabrications Drawings as per
Annexure-111, which shall be considered as a minimum in general. For detailed Vendor Data Requirements
refer contract / purchase order.
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50  FABRICATION AND ERECTION

During fabrication, contractor shall provide guy-ropes and other means to secure semi-finished storage

tanks against damage due to wind. A scheme shall be submitted to Engineer-in-Charge for review, Wind

girders and roof shall be welded to tanks at the earliest. Before commencement of erection, contractor
shall submit detailed erection scheme to Engineer-in-Charge for approval.
5.1 Plates

a)  Plate edges shall preferably be sheared or machine cut as per code. All machined parts shall be
suttably protected before assembly.

b)  Gas cut plates shall be ground to the satisfaction of the Engineer-in-Charge.

¢)  All formed plates shall be match marked with paint on the concave side with numbers as shown on
crection drawings.

52  Structure

a)  Structural steel fabrication shall be carried out to the required shapes for making the structure.
Electro-forged type of grating shall be provided.

b) A pre-assembly of a sufficient part of roof structure may be called for by the Enginger-in-Charge to
assess the correct workmanship. :

53  Bottom

a)  Bottom slope shall be as indicated in the respective tank drawings.

b)  All ATF (Aviation Turbine Fuel) floating roof storage tanks shall be provided with Apex-down
bottom with central sump. All other storage tanks shall have apex-up bottom unless otherwise
shown in engineering drawing.

¢)  Overlaps shall be properly cleaned with steel wire brush before welding.

d)  Single pass welds are not permitted.

e)  Arrange the laps to shed the water towards the drain.

f)  Bearing plate under ¢ach leg support for floating roof tanks shall be centred and welded to the
bottom plate by a continuous fillet weld of size equivalent to bottom plate thickness. Plates shall be
600 mm round or square and 10 mm thick (minimum). If bearing plate is coming on overlap, shim
plates shall be used. Prior to welding of bearing plates area of bottom plate beneath the bearing plate
and also underside of bearing plate shall be painted as per painting specification.

54 Shell

a)  All vertical and horizontal shell joints shall be full penetration and full fusion welds using any one of
the edge preparations permitted by the Code.

b)  Top curb angle shall be lap or butt welded to the top course with flange tumed outside.

¢)  Drain holes of 20 mm diameter suitably staggered shall be provided on the horizontal plates of the
stiffening ring (wind girder).

d)  Hand railing shall be provided all around top wind girder when it is used as walkway for floating
roof tank.
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e}  Hand railing shall be provided all around for all fixed roofs.
f)  Curb angle joints and stiffening ring joints shall not coincide with the vertical shell plate welds.
g)  Vertical weld joints shall be offset by at least 1000 mm.
h)  Holes shall not be made in shell plates for erection purposes.
i) Shell plate alignment shall be within the limits specified in code and as approved by EIL.
i) For floating roof tanks, internal surfaces of all shell courses shall be flushed and internal diameter
shall be maintained in all shell courses.
k)  After completion, the inside surface of floating roof tank walls shall be ground to remove any

roughness liable to impair the seal.

55 Fixed Roof

a)

b)

c)

d)

e)

The roof plate shall rest on self-supported structures as indicated in the drawing/standard,

All supporting structures shall be designed to carry the minimum loads as specified in codes, if the
same is included in contractor's scope of work. While designing, contractor shall also consider

lateral loads caused by one bay loaded and the other bay not loaded.

Laps in roof plate shall be 25 mm minimum. Laps shall be arranged with upper edge of the lower
plate undemeath the lower edge of the upper plate.

Roof shall be joined to the shell by means of continuous fillet (5 mm max.) weld on the curb angle.
Roof to shell joint shall be frangible type, otherwise suitable emergency venting shall be provided as
per API 2000 for Fire Case for Oil Tanks.

Roof plates shall not be welded to the supporting structure. The same shall rest on the structure.

Wherever corrosion allowance is more than Imm for roof, external roof structure shall be provided.
Central drum, curb angle shall be suitably modified etc. EIL standards shall be used for guidance
only. However, if any protective coating like epoxy etc. is provided then roof structure may be
provided inside the tank as per EIL standards.

5.6 Floating Roof

5.6.1 General

a)

b)

<)

d)

e)

Floating roof of tanks less than or equal to 12m or more than 60 m in diameter shall be of double
deck type construction.

Tanks having diameter greater than 12 m but less than or equal to 60 m, shall be of single deck
annular pontoon type construction with or without buoys,

When floating roof is in the highest position, tank shall be capable of holding its design capacity.

Floating roof deck shall always be in contact with the liquid at all positions during operating
conditions.

Floating roof shall be designed by Contractor considering design data given on each Tank drawing
of tender specification.
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f) Single deck annular pontoon type floating roofs of diameter more than 46 m shall be designed for
elastic stability against "gross out of plane" buckling and local buckling of the outer pontoon due to
radial load imposed by deflection of the centre deck. This radial load shall be the higher of the
following (i) water { 10" rain water in case of external floating roof & 3" fire water in case of internal
floating roof) (ii) when deck is punctured.

g)  Central deck of the floating roof shall be provided with at least one manhole of 750 NB in addition
to the number and size of manholes required as per code. This manhole shall be provided with a
ladder for stepping down to botiom when the roof is in the lowest position.

h)  Deck shall have level surface with a slope towards the drain sump to avoid stagnation of foam / fire
water / rainwater while floating in the product or when the floating roof is at lowest standout
position.

i) Each compartment of the floating roof shall be provided with a 500 NB manhole with cover.
I} Each buoy, if provided, shall have 150 NB inspection opening with cover and bolting.

k)  Central deck and pontoon shall be suitably stiffened, if required, and calculations for the structural
integrity of the floating roof shall be submitted to EIL for approval.

1) Contractor shall decide the dimensions of the pontoons of the foating roof such that when it is
floating on the product (of specific gravity 0.7 or the specific gravity of the stored product,
whichever is lower) the maximum submergence shall be within 95% of the rim height under
conditions as listed below:

i)  Forsingle deck annular pontoon type external floating roofs

- The submergence of outer rim when 254 mm rain water is accumulated on the roof.

- The submergence of inner and outer rim near the punctured compartments when deck
and two adjacent pontoon compartments are punctured,

ii) For single deck annular pontoon type internal floating roofs,
- The submergence of outer rim for fire water accumulation equivalent to 75 mm water.

- The submergence of inner and outer rim near the punctured compartments when deck and
two adjacent pontoon compartments are punctured.

iii) For double deck floating roof tanks

- The submergence of outer rim shall be calculated with maximum amount of water that can
be accumulated on the double deck.

- The submergence of inner and outer rim near the punctured compartments when deck and
two adjacent pontoon compartments are punctured

m) Contractor shall carry out buoyancy (including tilting) calculations of the floating roof for all the
conditions of (1) mentioned above when it is floating on test water. Maximum submergence in water
shall be clearly specified in fabrication drawing while taking care of actual floating scenario with
product (of specific gravity 0.7 or the specific gravity of the stored product, whichever is lower) &
the same shall be compared with actual submergence measured during floatation test as mentioned
in Cl. No. 7.2.4 of this Specification.

n)  Contractor shall submit design calculations for external floating roofs for
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i)  Buoyancy, including tilting for punctured condition, leg supports, bleeder-vent, emergency
drain (if required as per datasheet / specifications for single deck) & primary drains.

ii) Deflection of deck and structural integrity of floating roof for annular pontoon type
fAoating roofs.

i1i) Deflection of deck and stresses in decks for double deck floating roof.
o)  For internal floating roofs all above calculations except emergency drain are to be submitted.

562 Seal

a)  All internal and external floating roofs, unless otherwise shown in engincering drawing, shall be
provided with liquid mounted foam seal for external floating roof & vapour mounted foam seal for
internal floating roof as primary seal. In addition, secondary seal shall be provided for both external
& internal floating roof,

b}  Liguid mounted foam seal shall have minimum 100 mm immersion in the stored product.
¢)  Details of foam seal and secondary seals shall be as per Annexure-1 to this specification.

5.63 Floating Roof Supports
a)  Supports shall be adjustable to two positions

i) The lower position shall permit the roof to go as low as possible without interference with any
internal accessories and roof seal mechanism.

ii) The upper position (for cleaning) shall provide a clearance of 2000 mm between the
pontoon/double deck edges and bottom.

b)  The number of leg supports shall be determined to ensure that while resting they do not deform the
tank bottom and roof. For ascertaining compressive capability, the effective length of the pipe
support should be taken as 1.5 times of actual length of the pipe support in clean-oul position.

c) Pipe sleeves shall project sufficiently above the roof to take care of rain-water/foam flooded
condition of roof and extend sufficiently below the roof to prevent escape of vapour (minimum 200
mm).

d)  Pipe support length shall be readjusted after hydraulic testing of tank so as to take care of the initial
settlement of the tank bottom.

5.64 Tor EFR, Rolling ladder and track shall be provided as per EIL Standard. Electro-forged type of grating
shall be provided.

5.6.5 Roof Drains
a) Unless otherwise specified, Primary Roof drains shall be either of two types mentioned below:

i) Flexible Drain Pipe System (Stainless steel armoured clad flexible hose or the flexible hose
with stainless steel carcass).

ii}) Articulated Steel Pipe with Flexible Joint (Swivel type joint is not acceptable).

b) Flexible drain pipe system shall have following features:
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i) Full length of the pipe shall be in single continuous length without any intermediate joints in
between two end flanges. It shall have stainless steel armoured clad flexible hose or the flexible
hose with stainless steel carcass.

i) Flexible pipe must provide repetitive lay pattern without any external support of accessories
like tethered assemblies, ballasting chain etc. during its full operational life. No kinking of
flexible pipe shall take place during movement of the roof.

iii) As the roof starts its descent, pipe shall start forming the coil and should not slide on the tank
floor.

¢) Articulated Steel Pipe with Flexible Joint: Flexible joints joined with steel pipe drain system in a
straight line design. Swivel joints are not acceptable, Steel pipe shall be Seamless, Schedule 40 pipes
minimum.

d) The primary roof drain for EFR tanks shall be designed for complete water drainage equivalent to
maximum recorded rainfall per hour for given site without allowing any accumulation of water, the
deck being at the lowest operating level as indicated in Engineering Drawing.

€) The primary roof drain for [FR tanks shall be designed for complete water/foam drainage equivalent to
75 mm per hour for given site without allowing any accumulation of water, the deck being at the
lowest operating level as indicated in Engineering Drawing.

f) When storage tanks nrelprmided with heating coils, suitable isolation of flexible roof pipe drains from
heating coils shall be provided as recommended by drain supplier.

g) Swing check non return valve with Cl body and brass/bronze valve and seat shall be provided at the
entry point of the primary drain.

h) Primary roof drain system shall have minimum guarantee/warranty period of 3 vears from the date of
commissioning.

i) [Ifspecifically mentioned, emergency drain shall be provided to take care of primary roof drain failure.
These drains shall be equipped with water seal sump inside the roof to prevent back flow of the stored
product. It should start functioning after accumulation of 125 mm of rain fall on deck.

5.6,6 Vents

a)  Roof shall be provided with automatic bleeder vents designed to open before the roof reaches its
lowest position and to close when the roof rises above this point. Also, same operation should follow
in the clean-out position.

b)  Rim vents of 150 NB at about 30 metres peripheral spacing (minimum two nos.) shall be provided
for venting the dead space between stored liquid and seal where vapour mounted primary seal is
installed. They shall be provided with pressure relief valve of approved make (Refer Annexure-II)
set at 20 mm water column above Operating Pressure.

c) Mo rim vent is required where liquid mounted primary seal is installed.
5.6.7 Gauge Well/Anti-rotational Device

Gauge hatch with well pipe (including slots) shall be provided for all types of tanks. This should have
continuous contact by means of strips with bottom plate of the tank. Gauge hatch size shall be as indicated
in the drawing and it shall have a quick opening cover. Gauge hatch shall be spark proof type. This shall
also act as anti-rotational device for floating roof tanks wherein no additional anti-rotational device is
suggested. For pressurized tank, slot dipping device shall be provided.
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5.6.8 Earthing of Floating Roof

a) Wire cables shall be provided between ladder and track and also between ladder and shell. Two
such independent connection should exist in parallel.

b)  Adequate number of earthing shunts shall be provided for the seal.

5.7 Post Weld Heat Treatment (PWHT)

Tanks in amine service, sour waler service, caustic service (wherever required) or wherever indicated in

engineering drawings shall be PWHT as per Code requirements. PWHT shall meet the requirement of UCS

56 of ASME Sec. VIII Division 1.

Mecessary provisions (slots) shall be kept in anchor chairs and tank bottom plate to take care of the

expansion during stress relieving. Foundation and tank bottom shall be properly sealed after PWHT to

prevent ingress of water.
6.0 APPURTENANCES
6.1 Nozzles & Accessories

a)  All appurtenances and accessories as shown in the respective tank drawings shall be supplied by the
Contractor.

b)  Manhole and nozzles with blind flanges shall be provided with gaskets and boltings.

¢)  Nozzle and manholes may be shop assembled.

d)  Flange faces shall be varnished and protected by wooden discs using at least three bolts.

e)  Suction heaters and mixer nozzles shall be provided with stiffeners.

f) Al nozzles and accessories shall be prefabricated and attached to the shell plate. The prefabricated
assembly -shall be stress relieved prior to installation, wherever required as per code and applicable
appendices.

6.2 Heating Coils

Coils shall be supported from tank bottom. Coil supports shall not be welded to tank bottom. No screwed

or flanged connections shall be used inside the tank. Heating coil layout shall clear leg supports of {loating

roof and primary roof drain lay area.

Allowable flattening due to bending shall be as per ASME B 31.3.

6.3 Stairways, Roof Access and Handrailing

Each tank shall be provided with stairway and roof access. Handrailing, if not indicated otherwise on tank

drawings, shall be provided all around. Walkway with handrails & gratings on the roof of the tank should

be provided to facilitate inspection/checking of vents / flame arrestor ete. so that movement of personnel
on roof is safer.
6.4 Settling Marker

Markers shall be provided on the shell, 500mm from the bottom to check tank settlement. Marker, 100

mm long of 50x50x5 mm angle shall be welded around the tank shell. The distance between settling

marker is approximately 5 metres. (Minimum 8 numbers).
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Shell settlement measurements shall be made after tank erection, prior to hydrotesting and during water
filling at 1000 mm intervals upto maximum filling height of tank.

While taking measurement on settling markers, rim space (distance between shell and outer rim) shall also
be measured at location corresponding to settling markers, for floating roof tanks.

Bottom internal measurements shall be made after hydrotesting, such measurement shall be made at all
pipe support location. Additional measurements shall be made in annular plate region at 5anetre intervals
arcund the tank shell.

7.0 INSPECTION AND TESTING
Inspection shall be co-ordinated by Engineer-in-Charge at all stages. It shall be the responsibility of
Contractor to prepare a detailed inspection and test plan as per applicable code and specifications and get
the same reviewed by Engineer-in-Charge prior to execution of work.

7.1 Inspection
a)  All tanks shall be offered for inspection at all stages, as desired by Engineer-in-Charge.

b)  Inspector or Owner's representatives shall have free access to all the contractor’s shops as well as to
worksite.

c) The contractor shall provide all facilities, such as access ladder, lighting, tnnls' and tackles,
instruments etc. and personnel to inspectors, for proper execution of their inspection.

d) All the inspection shall be carried out in accordance with the relevant codes and requirements of
drawings and specifications,

) Approval of the Inspector shall in no way relieve the contractor of his responsibilities for proper
execution of work.

7.1.1 Welding Electrodes

Following classifications of electrodes are recommended for welding. However, minimum requirements of
applicable codes and appendices shall be adhered to:

a)  Low hydrogen electrodes shall be used for all manual metal-arc welds of carbon steel shell courses
having a thickness of 12Zmm or more and for attachment of shell course to bottom or annular plates.

b)  High cellulose/rutile type electrodes as per the AWS classification SFA 5.1 are acceptable for all
other structural welding.

Based on above, fabricator shall furnish brand names of welding consumables to Engineer-in-Charge for
approval,

7.1.2  Welding Procedure

a) Welding procedure qualification shall be carried out as per ASME Boiler and Pressure Vessel Code
Section [X.

b)  No welding shall be undertaken without approval of the welding procedure and welder qualification
test by the Engineer-in-Charge.

7.1.3 Radiography and Inspection of Welds
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a)  All welds shall be inspected and tested as per Code and this specification.

b}  All long seams of fabricated nozzles shall be fully radiographed.

c) Weld areas to be radiographed shall be designated by the Engineer-in-Charge.

d)  Radiographs shall be taken as soon as welding of the Joint is completed. If repairs are required,
these shall be carried out beflore starting other welds. New radiography examination of such repairs

shall also be carried out by the Contractor at his own cost.

e) For heating coils, number of joints to be radiographed shall be 25% and interpretation of
radiography shall be as per ASME B 31.3. Approval, from IBR, wherever required shall be
contractor's responsibility.

7.1.4  Liguid Penetrant/Magnetic Particle Examination / Ultrasonic Examination
Whenever specified in drawing/code, liquid penetrant/magnetic particle/ultrasonic examination shall be

carried out as per ASME Boiler and Pressure Vessel Code Section V and acceptance criteria shall be as per
Section VIII Div. L.

7.2 Testing
All equipment required for testing shall be supplied by the contractor,

Openings other than those used for hydrostatic test or any other test shall be closed by plugs and blind
flanges supplied by the contractor.

7.2.1 Bottom Test

a) A detailed description of the proposed test method shall be first submitted for approval to the
Engineer-in-Charge.

b)  Vacuum box testing shall be carried out for detection of leaks in the bottom.

¢)  The weld joints under the shell periphery shall be tested before erection and welding of first shell
COUrse.

d)  Contractor shall test the tank bottom for the entire weld length in the presence of the Engineer-in-
Charge and test reports shall be issued accordingly.

7.2.2  Shell Test
a) Bottom to shell joints shall be tested as follows:

i) Inner fillet weld shall be inspected and tested prior to welding the outside fillet weld. Leak test
shall be performed with penetrating oil after removal of slag. Oil shall be removed before,
welding the outer fillet.

iif) Examination for inner fillet to detect cracks shall be performed using either the liquid penctrant
or magnetic particle method.

b) All welded lugs and brackets used for erection purpose shall be carefully removed from inside and
outside surface of the tank to the satisfaction of the Engineer-in-Charge.

¢)  Contractor shall perform the hydrostatic test in the presence of Engineer-in-Charge on each tank
after complete erection. Any defects observed during the test shall be repaired by the Contractor.
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d)  The filling height, in case of fixed roof or open roof tanks, shall be upto the curb angle and in case of
floating roof tanks shall be restricted to the maximum height so that weather shield or secondary seal
does not go beyond curb angle.

¢)  If sea water is used for testing and is to remain in tank for more than 30 days, an oxygen scavenger
and corrosion inhibitor shall be added. Afier testing the tank, water shall be drained and tank shall
be thoroughly flushed with clean fresh water. Standing water silt or other dirt left in the tank after
hydrostatic testing shall be thoroughly cleaned.

f) Filling of the tank may be restricted by the Engineer-in-Charge for preloading of foundation and
hydrostatic test may be extended over a period of 4 weeks or more to ensure proper settlement of the

tanks.

g)  On completion of tank and after cleaning, the tank shall be filled with water as follows, unless
otherwise specified in the tender documents.

Filling shall be in 4 stages, 25%, 50%, 75% and 100%. After each stage a load stabilization period
shall be observed:

- 24 hours between each stage for tanks with a capacity equal or more than 10,000 m*.
- 12 hours between each stage for tanks with a capacity under 10,000 m®.
Filling rate shall not exceed 5 meters per day.

h) When the tank is full all the welded joints shall be hammered by contractor in the presence of
Engineer-in-Charge. In case of any defect, it shall be repaired and retested by the Contractor as per
the instructions of Engineer-in-Charge.

i) Tank shall be emptied at a maximum water level variation rate of 5 meters per day or as per
instruction of Engineer-in-Charge.

1) All weld repairs shall be done with water level minimum 300mm below the joint being repaired.
7.2.3 Fixed Roof Test

a)  Affer filling the tank upto curb angle, all openings in the roof shall be closed and internal air
pressure shall be applied equivalent to the weight of roof plates. All welded joints in roof shall be

checked with soap-suds for detection of leaks.

b)  Pressure testing of roof for leak detection shall be carried out as per code.

) For vacuum test the tank shall be emptied upto | meter level from the bottom. The openings shall
be closed and draining continued with care until the vacuum of 25mm water gauge or the design

vacuum whichever is higher is obtained and checked by vacuum gauge. However, for tanks having
diameter 20 m and above, design check for vacuum shall be made before proceeding with the test.

7.24 Floating Roof Test

Floeating roof test shall be as recommended in APl Standard 650 Appendix C or Appendix IT and also as
given below:

a)  During floatation test of roof, contractor shall carry out the proof test as follows on each size of the
tank selected by Engineer-in-Charge who shall also witness the test check.
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i) For annular pontoon type external floating roofs, with primary drains closed, water equivalent
to 10" of rainfall over the tank area shall be poured on the deck and in the stabilized state
submergence of outer rim shall not exceed allowable limit as stated in 51 No. (iv) below.

ii)  For annular pontoon type external as well as internal floating roofs the condition of deck and
two adjacent pontoon compartments punctured shall be simulated and the submergence of inner
rim and outer rim at the punctured pontoon shall not exceed allowable limit as stated in Sl. No.
(iv) below.

iti) For double deck tanks puncture condition for 2 adjacent compartments which shall cause
maximum tilting as established in the design calculation shall be simulated, and the

submergence of outer rim at the punctured compartment shall not exceed allowable limit as
stated in SI. No. (iv) below.

iv)  The allowable limit of submergence shall be considered as 65% of rim height at any point, for
tanks having stored product of specific gravity more than equal to 0.7. For stored product
having specific gravity less than 0.7, the allowable limit of submergence shall be considered as
95% multiplying the specific gravity of the stored product but in no case, the same shall be
more than 65% as stated above.

v)  Failing to meet the above requirements contractor shall rectify the floating roof and retest at his
cost till the above requirements are satisfied.

b}  All compartments including bﬁays shall be tested for liquid tightness,
¢)  Sealing device shall be installed after floatation test.

7.2.5 Heating Coils
Heating coils shall be pressure tested as per engineering drawing.

7.2.6 Nozzle Reinforcing Plates

Nozzle reinforcing plates shall be pneumatically tested at 1.05 kg/em®g with soap solution. This test shall
be carried out before filling the tank for hydrostatic testing.

7.2.7 Primary Drains

Drain pipes in floating roof tanks shall be pressure tested with water at 3.5 kg/cm?g. During the flotation
test, the roof drain valve shall be kept open and observed for leakage of the tank contents into pipe drain.

8.0 CALIBRATION
Strapping and Calibration of all tanks shall be done in accordance with 15:2007 & 2008 (Latest editions).

9.0 PAINTING

For details of primer and painting both internal & external including soil side of bottom plates, Painting
specification shall be referred to.

10,0 DIMENSIONAL TOLERANCES
10.1  Shell

For tanks to have acceptable appearance and to permit proper functioning of floating roof, they shall have
tolerances strictly as specified in applicable codes.
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10.2  Floating Roof Tolerances

Tolerances allowed on the annular clearance between shell and floating roof shall be compatible with the
requirement specified by seal manufacturer. However, the difference in gap between the shell and the
periphery of the roof on completion of erection of the roof shall not exceed # 13 mm [rom the nominal

g4ap.

1.0 IDENTIFICATION, PACKING AND TRANSPORTATION

11.1  Identification
Each plate and structural member shall be clearly marked with the specification number, drawing number
and assembly number.

11.2  Packing and Transportation
a)  All plates shall be transported in tractor or trailor and shall not be dragged.

b) Al rolled shell plates shall be packed properly to retain the shape and shall be handled carefully to
avoid damage during transit.
¢)  Contractor shall be responsible for transportation of material fabricated in his workshop or worksite.

120 GUARANTEE
Guarantee, if not covered by the General Conditions of contract, shall be as following:

12.1  All equipment shall be guaranteed in accordance with conditions given in the "Special Conditions of
Contract”.

122  Any part of tank found detective within 18 months of completion or during 12 months operation and not
having been subjected to faulty operations or incorrect service conditions shall be promply
replaced/repaired and reassembled by the contractor at his own cost, failing which owner has the right to
wet the same replaced/repaired by others and charge the cost incurred to the contractor.

123  Guarantee/warranty for seals and primary roof drain system for floating roof tanks shall be as per
Annexure-1 and Clause 5.6.5 (f) respectively.

13.0 ANNEXURES
ANNEXURE-I - SEALS FOR FLOATING ROOF TANKS
ANNEXURE-II : LIST OF RECOMMENDED MAKES FOR PRESSURE RELIEF

VALVES & SLOT DIPPING DEVICE
ANNEXURE-TII : LIST OF DOCUMENTS & DETAILS OF FABRICATION, TO BE
SUBMITTED BY TANK FABRICATOR.
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14.0 ANNEXURE-1I
SEALS FOR FLOATING ROOF TANKS
1.0 GENERAL

This Annexure cover requirements that shall be met as a minimum for core foam and casing for primary
seals for floating roof tanks. Requirement for secondary seals are also covered.

2.0 CORE FOAM

21 Core foam shall be of prime quality solid polyurethane foam and of octagon shape. Foam shall be of light
weight having appropriate elasticity, little permanent compressive strain and shall have excellent resistance
to oil and chemicals.

2.2 Core foam shall have the following properties in accordance with ASTM D-3574.

i) Specific Gravity 0.018 to 0.022
i) Permanent Strain
due o compression Mot to exceed 10%
iii) Load at 25% deflection RMA value 6.81 + 1.36 Kgs.

23 Rim space of 200 mm shall be provided. Foam shall be of octagonal shape dnd of size 305 mm (across flat
ends).

3.0 FOAM CASING
3.1 The casing material shall be oil and water resistant and compatible with stored product.

3.2  Material for foam casing shall be Nylon Fabric (I mm thickness) equally coated on both sides with
polyurethane for both liquid and vapour mounted seals.

3.3 Contractor shall furnish l'nllt.jwing characteristics of casing material post-order:
a) Original adhesion
b) Adhesion after Fuel ageing (*)
¢} Original tensile strength
d) Tensile strength after Fuel ageing (*)
e) Tensile strength after 50,000 flexes
) Volumetric swelling (*}
g) Vapour permeability

{(*) Ageing in both 100% Toulene and also in 75% Toluene with 25% Iso-octane for 7 days at 25 degree
centigrade.
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4.0 FABRICATION OF SEAL
4.1  Tests as specified above shall be carried out in a reputed laboratory and the results shall be furnished for

review/approval.

4.2 Contractor shall use proper adhesive of approved quality. Contractor shall give complete procedure for
joining the pieces. The entire work shall be carried out in a clean, dry area, free of heat, sparks of flame,

43 Minimum length of foam and casing for foam seal shall not be less than 3 meters. Total circumferential
length of foam seal shall be such that a compression of 150 mm is achieved for every 3 meters length of
foam seal when installed.

4.4 Maximum seal gap width will be 4 em and maximum gap area will be 200 cm?*/m of tank diameter.

5.0 SECONDARY SEAL

5.1 Secondary seal shall have synthetic rubber wiper seal, continuous vapour barrier membrane, galvanized
compression plate of 16G thickness, S8 electric shunt and all necessary hardware for installing on rim of
external floating roof. Vapour barrier membrane shall have polyurethene coating on both sides of nylon
fabric. Minimum thickness of vapour barrier shall be 0.4 mm. Maximum seal gap width will be 1.3 ¢m
and maximum gap area will be 20 em?/m of tank diameter.

52 Recommended models and makes of secondary seals shall be as per EIL approved Vendor list.

6.0 GUARANTEE
The primary and secondary seals shall have guarantee/warranty for its durability and satisfactory
performance for a minimum period of five years from the date of commissioning,
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150 ANNEXURE-II

Ac: LIST OF RECOMMENDED MAKES FOR PRESSURE RELIEF VALVE SHALL BE AS PER EIL
LIST.

B: SLOT DIPPING DEVICE SHALL BE OF REPUTED MAKE.
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16.0 ANNEXURE-IHI
VENDOR DATA REQUIREMENTS

- | NO.OF NO. OF SETS (AFTER |
Nﬂh DESCRIPTION | SETS (WITH PLACEMENT OF
: | THE BI_ES_} ORDER)
! COMPACT |
| | Bﬁﬁc ‘ PRINTS
| S | | P e RORM. . b
| Document/Drawing Index along with Schedule | B 5 1_
' of Submission. 1§ N
i 2. Proposed Heat Treatment Procedure - 2 ! |
{ GA drawing covering all details shown in EIL | .
| data sheets like list of appurtenances, lists of
| standards and specifications, material of
3. | construction, Tank design data, General Notes { 2
including details of test to be conductedon |

electrodes to be used etc i

Details of shell bottom and roof & rmf F -
4. structure showing their welds, nozzles and
manhole connections, internals etc.

. ' Development, details of welding for shell -
5. | showing location of nozzles, pipe support , 2 !
i ,' cleats & travel of stairway on developed shell | | S SR
i
|

tank, specification and brand-name of welding | ; {'
|
|
|

| Details of spiral stairway, platforms, landings, -

6. | handrails and other accessories with bill of | 2
material 5 . | O
T Details of wind girders l " 2
: | Details of rolling ladder and trackand | - 2 kAT
' Earthing connection for EFR tanks S _
9 Details of Roof ¢ Suppumng Structure for fixed { - 2 _'
- roof tanks g1} i {
] 10 ' Details of shell nozzles and shell earthing - t 2 | _
| " | cleats _ o | D T
i, | Details of Seal(s) and weather shield and | - ' 2 |
| " | details of earthing shunts for FR Tanks B e
|I 12 Details of floating roof appurtenances, mc-f - 2
\ " | stopper and leg supports for floatingroof | 00}
' Orientation of floating roof appurtenances, leg - 2 |
! 13. | supports, plate joints, rolling ladder track etc, | |
‘_ for FR Tanks -y s st e __j______J
14, }nemnq of still-wells and Bill of Material | - 2 | |
‘ o | Details of heatmg coil showing coil lavout, - 2 =
| 15. | details of supports and details of pipe joints, |
| including Bill of Material i I 5
] 16. l Details of insulation suppuns 1 . 2 |
; 17. | Details of Foam System 1 - . 2 |
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. I .
18. | Details of Cooling System - 2
19 Plate cutting diagrams for all free issue - 2
" | material . ______| Sl - =
? Plate reconciliation statement for free issue - 2
20.
! material
21. | Quality Control Procedure < 2
Design calculations for floating roofs for - 2 o
1} Buoyancy, including tilting for punctured |
condition, leg supports, bleeder vent, | :
[ emergency drain & primary drains |
22. | 2) Deflection of deck and structural integrity
of floating roof for annular pontoon type
| Noating roofs.
3) Deflection of deck and stresses in decks
- for double deck floating roof - ]
| 23 Matcnal test certificates for plates, FIFE-‘S and i 2
| =" | flanges. o Ll e mlimg  me
i Weldmg procedure and welder's qualifi catlnn | 2
1 24, . - |
! | rcpurts e e = 1 e | e ]
' 25 Radiographic test reports (films to be stored ) ' 2
|=_ R fnrﬁyears) S o | iL - ,J
26. | Heat Treatment Report - [ 2
27, | Procadinie & Report of liteeal Lier 7 Coutiiig . 2
|_23 | Final Inspection Cnrt:i' cate and hydrostatic . 2
* | test certificate - o o
| 29. | Final as built drawings for information. = 2

et PR == 1

Note 1. Above drawings shall also include Bill of Material.

2. Items at SI. No. | to 20 & 29 are required for review by EIL.

3. [tems at S1. No. 21 to 28 are required for review by EIL.

4. All drawings shall be drawn in AutoCAD R-14 or above. No hand drawings shall be accepted.
All calculations shall be computerized.

5. Documents and letters shall be furnished in electronic format. The software used shall be as
follows:
a) MS OFFICE 2007 OR ABOVE
b) ADOBE ACROBAT 9.0 OR ABOVE.

6. Number of sets with Bids or after placement of order shall be as per Tender or Requisition
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Abbreviation: -

AlA
ASME
ASTM
BHN
CIB
C3

Dp
IBR
1GC

Is

MP
NB
NDT
PMS
PWHT
55
TIG
uT

Authorized Inspection Agency

American Society of Mechanical Engineers
American Society for Testing & Materials
Brinell Hardness Number

Chief Inspector of Boiler

Carbon Steel

Dwve Penetrant

Indian Boiler Regulations

Inter Granular Corrosion

Indian Standard

Magnetic Particle

Nominal Bore

Non-Destructive Testing

Piping Material Specification

Post Weld Heat Treatment

Stainless Steel

Tungsten Inert Gas

Ultrasonic Testing

SMED-I (Mass Transfer Mechanical & Systems) Standards Committee

Convenor:

Members:

Mr. Malin Kumar

Mr. Arun Kumar

Mr. Inder Kumar

Mr. Pankaj Gandhi

Mr. Jeevan Agrawal (Coordinator)
Mr. Vinodkumar Yadav

Mr. Urmilesh Tiwari

Mr. Aasheesh Handa (Projects)

Mr. Prabhakar Choudhary (SMMS)
Mr. Avdhesh Agrawal (SCM)
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1.0 INTENT
1.1 This specification covers the general requirements for Process (Hydraulic/Thermal) & Mechanical

Design, Engineering, Material procurement including bought out items, Fabrication, Inspection,
Testing, Packing, Supply, Supervision during start-up and commissioning activity, PGTR, Process
and Mechanical Guarantees of Deaerator comprising of Deaerating Tower along-with Storage Tank
complete with internals ete. as required

1.2 Supplementary specification indicating special or additional requirements shall form addenda to
this specification and shall govern.

2.0 SCOPE
Scope of work shall be as defined in the Job Specifications attached with Material Requisition /Bid
Document. However, minimum scope of work shall be as defined herein unless otherwise indicated
in Job Specifications.

2.1 All relevant data required for Process design of Deaerator shall be furnished to vendor in the form
of Datasheet/Specification.

2.2 All the activities required to ensure the proper design and operation of Deaerator, whether explicitly
stated or not, are implied.

23 Carry out the Process design including vessel sizing, vessel arrangement, nozzle sizing, vent sizing,
equalizer and downcomer sizing etc. and submit the same in the form of Datasheet.

24 Carry out the Mechanical design of vessels and internals including wessel thickness. nozzle
schedule, internal thickness/details etc.

2.5 Prepare the detailed General Armangement Drawings along with part detail/fabrication drawing and
bill of material for vessels and internals separately.

2.6 Procurement of Bought-out components, Fabrication, Inspection, Packing. Dispatch ete. Vendor
shall get the drawings/documents reviewed/approved as per Vendor Data Requirement from
Consultant/Owner prior to start of fabrication.

2.9 Vendor's scope shall also include, but not be limited to the following:

i) Suitable insulation support clips, earthing lugs etc.

ii) Platform and ladder cleats, lifting arrangement, saddle support arrangement etc.
i) Painting on the exterior surface of Deacrator and storage tank.

iv) Supply of Spares.

v) As-built documentation

1.8 Supervision during erection & commissioning (il applicable).

29 Performance Guarantee Test Run (PGTR)

2,10 Vendor shall furnish a single point guarantee for complete Deaerator package. Further, if vendor
desires to sub-order Process and/or Mechanical design, it shall be done only through reputed regular
designer of Deaerator (or meeting Bidder's Qualification Criteria (BQCY), if applicable). Proven
Track Record (PTR) of sub-vendor shall be furnished for Consultant/Owner approval.
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3.0 REFERENCES
3.1 Applicable codes and standards

The following codes & standards in their latest edition including their addenda at the time of
bidding shall form the basis for design, fabrication, inspection testing and acceptance of the

‘equipment:

a) IBR : Indian Boiler Régulations

b) ASME 3 Unfired Pressure Vessel Section VI Division |
Material Specification Section 11
Non-Destructive Examination Section V
Welding & Brazing Qualification Section [X
Pipe Flanges & Flanged Fittings B16.5 / B16.47
Metallic Gaskets for Pipe Flanges B16.20
Nonmetallic Flat Gaskets for Pipe Flanges B16.21
Power Boiler Section |

c) ANSI : American National Standard Institute

d) ASME B31.3 : Process piping

e) ASME PTC 12.3 : Power Test Code-Deaerator

f) ASTM 2 ASTM Standards for materials

g) 4500-C02 (1989 C : Titrimetric Method for Free Carbon Dioxide

h) IS : Indian Standards

i) HEI : Heat Exchange Institute (Standards and Typical

Specification for Deaerator).
32 Regulations
Mational law and regulations together with any local by-laws for the country or state wherever the

vessels are to be used must be complied with by the fabricator. Approval of design and drawing
from statutory authorities shall be vendor’s responsibility.

3.3 In case of conflict, the order of preference shall be as follows:
i) Statutory requirements
i) Engineering drawing / Datasheel
ii} Specifications

iv) Codes & Standards

As a general rule. the most stringent requirement shall govern.
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4.0 DESIGN REQUIREMENTS
4.1 Process (Hydraulic/Thermal) Design
4.1.1  Type of Deaerator shall be as defined in the Process Datasheet.

4.1.2  Deaerator shall be capable of providing deaerated water continuously at any rate defined in Process
Datasheet. In case same is not specified in PDS, it shall be taken from 10 to 100 % of the design
outlet capacity (which include 10% over design).

4.13  The Oxygen concentration of the incoming water shall be calculated assuming the water is fully
saturated with air.

4.1.4  Deaerator shall be designed for continuous operation for a service life of 25 years.

4.1.5 The normal operating level shall be upto”a th of the diameter of storage tank from bottom unless
specified otherwise in datasheet. The net storage capacity shall mean the capacity of the tank up to
normal water level excluding the volume of all internal below normal level & volume contributed
by dished end.

4.1.6  Arrangement for Deaeration tower may be horizontal or vertical.

4.1.7  The Storage vessel shall be sized for minimum 10 minutes retention time between NWL & LWL
unless otherwise specified in Process Datasheet. Minimunt LWL shall be 300 mm from bottom.
The overflow level shall not be closer to the top of the vessel than 85% of diameter.

4.1.8  Deaerated water shall have less than 0.005 ce/litre (7 ppb) of dissolved oxygen and nil carbon
dioxide under all operating condition.

4.1.9  Deaerating section & storage section shells shall be connected by downcomer pipes & pressure
equalizing pipes. Equalizing connections between Deaerator vessel and storage vessel shall be of
adequate size considering transient conditions during turn down to 100% load.

4.1.10 Nozzle sizes shall be as required to meet the velocity criteria and recommendations of HEL

4.1.11 The Deaerator shall be provided with an internal direct contact type vent condenser, which shall
facilitate removal of all non-condensable gases from the Deaerator with min. loss of steam (max.
2%) or as specified in the process datasheet. In addition to normal vent lines, start-up vent with
valve and orifice shall be provided to facilitate fast venting of the vessel during start up.

4.1.12  Adequate heating system to be provided for initial heating of the water in storage tank during start-
up. Steam consumption calculation for initial heating of the water to be submitted by the vendor.

4.1.13 Feed water storage tank outlet nozzle and drain nozzle to be provided with vertex breaker
arrangement.

4.2 Mechanical Design

4.2.1  Deaerator shall be designed for the pressure & temperature as specified on the Datasheet and
constructed in accordance with ASME VIII, Divi& IBR (if applicable). applicable Standards and
Specifications. Material of construction for various components shall be as indicated in the Data
sheet. These are suggested materials and are the minimum acceptable. Use of different material
shall be made only after prior written approval. Vendor shall submit comparison of Mechanical and
Chemical properties of suggested material. However, vendor is required to guarantee final
metallurgy adopted considering operating conditions and nature of service.
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4.2.2 Corrosion allowance on all carbon steel components shall be as specified on Datasheets and must

423

425

4.2.10

4.2.10

be added on each wetted surface of CS internals. Design shall be based on fully corroded condition.

A minimum corrosion allowance of 3.0 mm shall be provided for all carbon steel parts unless
otherwise specified.

Spray nozzles, Splash plate, Deaerator trays, Vent condenser and other elements in contact with un-
deaerated water or with non-condensable gases shall be of S§-304 (min.) unless otherwise specified
in Datasheet.

Manholes of minimum 600 NB size shall be provided on the deacrator and storage vessel for
access/maintenance and installation/removal of internals. Minimum one & two manhole shall be
provided each on deaerator vessel & storage vessel respectively. Manhole sizes may be increased
(if required) to facilitate installation/removal of internals,

Deaerator trays/internals shall be designed to allow easy removal and replacement through
manholes.

The Deaerator vessel may contain Spray nozzles or Spray pipes and Tray stacks. Spray nozzles |
pipes shall be provided to ensure fine atomization of incoming condensate and rapid heating up by
steam.

All vessel and head seams, longitudinal and circumferential, shall be 100% radio-graphed.

Vendor to perform WRC analysis for local stresses developed at the junction of top Saddle (for
Deaerator Tower) and Storage Tank arising due to the dead weight of the Deaerator tower (with
internals) and the wind/seismic loads, whichever are governing. The nozzle joint between Deaerator

Tower and the Storage Tank shall also be analyzed for the local stresses at the junction.

The equipment shall be capable of stable operation without water hammer. surging or vibration and
noise under all operating conditions including transients and start-up.

WIND CONSIDERATION

Unless otherwise specified, Wind load shall be calculated on the following basis:
a. Indian Standard - 1S: 875 Part-111 {latest edition)

b. Minimum force coefficient for cylindrical vessel shall be 0.7.
EARTHQUAKE CONSIDERATION

Unless otherwise specified, Earthquake forces shall be calculated in accordance with Indian
Standard 15: 1893 / Site Specific Seismic Spectra (if applicable).

INTERNALS

a) Vendor shall be responsible for supply of all intermals to meet the performance
specifications as indicated in the Datasheets.

b) The internals must be of robust mechanical design and capable of withstanding thermal,
hydraulic and transport shock loads. All internals shall preferably be of removable type to
facilitate installation/removal of the same through the vessel manholes.

c) Mecessary cleats, supports, stools etc. for the internals shall be welded inside the vessel.
The material of construction shall be same as that of the vessel.
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d) The internals shall be supplied as pre-installed at shop fNoor. No installation / site work is
envisaged for internals.

e) All inside bolting shall be compatible with the internals metallurgy and shall be of
minimum M10 size.

f) Minimum thickness for internal pipe shall be Sch.408/6 mm for 8S pipes and Sch80 / 12
mm for CS pipes.

g)  All welded attachments for internals in SS portion shall be min. 6.0 mm thick.
h) All internals, overflow pipes ete. must be installed to prevent vibration.
42.13 NOZZLES
i) All nozzle connection shall be suitably reinforced to withstand forces and moments
imposed by connecting piping as specified in Standard Specification attached with Material
requisition /Bid. If same is not specified, all process nozzles shall be capable of
withstanding the piping loads evaluated as below at the intersection of axis of the nozzle
with the mid plane of the shell.
a. Effect of the torsional moment and shear forces on the shell may be ignored.
b. Radial force (N)
Fr =4 (20.D'2+ P.D"%)
Effect of both positive and negative value of force shall be evaluated.
C. Moment (N.m)
1) For cylinder
M =Mc=(1.75 D'%) + [5.0 x 10*° PD*?)
i) For sphere

Ms = (2 x M )**

NOTATION

D = Nominal diameter of nozzle (mm)

Fu = Positive or negative radial force (N)

My e= Longitudinal moment of cylinder (Nm)

M = Circumferential moment on cylinder (Nm)

P - Internal pressure of vessel (bar (g))

Mg = Resultant bending moment on the sphere (Nm)

Note: Vendor 1o perform WRC analysis for all nozzles connected with external piping.
Vendor to consider minimum nozzle load as per EIL standard 7-12-0038. However, final
piping nozzle loads shall be based on the piping stress analysis.

i) All nozzle flanges shall be of raised face type. All nozzles including blind Manges up to 600
NB size shall be designed as per ASME B16.5/PMS as applicable. Nozzles including blind
fanges above 600 NB shall be designed as per ASME B16.47 series B /PMS as applicable.
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iii) All nozzles of size 50 NB & below shall be provided with 2 numbers 40 mm wide x 6 mm
thick stiffeners, 90 degrees apan.

iv) MNozzle connections used for vessels shall not be less than 40 NB. However, nozzles with
weld overlay shall be 80 NB minimum.

V) All nozzle Manges and Girth flanges shall be forged Weld neck type only.
vi) All nozzles shall be oriented radially. (Tangential nozzles shall preferably be avoided)
vii) All nozzles shall be set-in type, unless otherwise specified in the requisition/bid package.

42.14 SUPPORTS
a) Horizontal vessel shall be supported by two welded steel saddle supports.

b) Out of two supports one end shall be fixed and other support shall be free to allow thermal
expansion by means of slotted bolt holes. Shiding support shall preferably be provided with
low friction pads or as specified in Datasheet/Specifications.

c) Lifting lugs shall be provided for all vessels with diameter exceeding 1000 mm or vessel
weight exceeding 5 metric tons. All lifting lugs shall be designed with an impact factor of
2.0 unless otherwise specified and considering 30% wind loads.

4.2.15 DESIGN REQUIREMENTS FOR DEAERATOR UNDER THE PURVIEW OF IBR (IF
APPLICABLE)

a) Vendor shall carry out design calculations as per IBR and only in case of any doubt refer
the same to Consultant/Owner for clarifications. All materials, fabrication, welding, testing
etc. shall meet the requirements of IBR.

b) In case the equipment is manufactured in India, the design calculations and fabrication
drawings after review of Consultant/Owner shall be got approved by Vendor from CIB of
the State where Vendor’s shop is located prior to start of fabrication and in parallel from
CIB of state of installation.

When installation is not in Vendor’s scope, Vendor shall also provide the necessary
assistance to Owner for obtaining approval from CIB of state of installation, such as
providing additional copies of calculations and drawings etc. as required by CIB of that
State.

c) In case the equipment is manufactured outside India, the design calculations and fabrication
drawings after preliminary review by Consultant /Owner shall be got approved by Vendor
from the agency authorized by IBR in the country of fabrication and the CIB of the State
where the equipment is to be installed, before the start of fabrication.

d) It shall be the responsibility of Vendor 1o incorporate modifications or additions required
by CIB or its authorized agency and obtain the final approval. Consultant / Owner shall be
kept informed and their concurrence obtained before any revision about these. All costs
towards approval from CIB shall be borne by Vendor. All IBR approved design
calculations and drawings shall be furnished to Consultant / Owner for final review of
fabrication drawings and in equipment dossier.
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5.0 MATERIALS

5.1 All materials used for fabrication shall be new & of first quality.

5.2 Carbon steel wherever specified shall conform to SA 516, Only nommalized plates free from
injurious defects with workman like finish shall be used. Reconditioning / repairs of plates by
welding shall not be permitted. All components coming in contact with wet oxygen shall conform
to 55304 (min), Further, wherever Stainless Steel is specified in the Datasheets, low carbon (L7
grade) stainless Steel shall be adopted for welded components.

53 Use of SA 515 material is not permitted.

54 Hubbed forgings (Weld Neck Flanges) shall have hubbed portion formed by forging processes.
Weld neck flanges only shall be used. These shall conform to SA 105 / SA 266 for CS portion and
SA 182 for SS portion. All forgings (SA 105/SA 266) above 75 mm thickness shall be ultrasonic
tested as per ASTM A-388.

5.5 Pressure part plates having thickness 16 mm to 50 mm (both inclusive) shall be examined
ultrasonically as per specification SA-435. For thickness above 50 mm, ultrasonic examination shall
be carried out as per specification SA 578 and shall have acceptance standard of Level B.

5.6 Clad plates used for fabrication of vessel shall conform to SA263 or SA264 of ASME Boiler and
Pressure Vessel Code Section 11 Part A.

3.7 S5 (300 series) plates shall be hot rolled and shall have No.l finish on both sides. Cold rolled
plates, if permitted by requisition, shall have No. 2B finish. 8§ (300 series) materials for all
components including non-pressure parts shall be procured with the IGC test as per ASTM A-262
(test shall be carried out, after the specified heat treatment and sensitization per specification) with
acceptable corrosion rate and ensuring that Specimen after exposure shall be bent as per
requirements mentioned in A262 Practice E and shall be inspected under magnification of 200 X.
The bent specimen shall be free of any cracks or grain dropping. The microstructure shall be
submitted to AlA for review/approval.

58 Nozzle flange face finish, bolts, nuts and gaskets used for fange joints on vessel shall be as per
applicable piping class (PMS). Internal bolting and gaskets for standard flanges shall be S5304
{min}) and spiral wound respectively. However, for plate flanges suitable full face gaskets shall be
provided.

59 Nozzle necks, pipes and fittings shall be seamless. However, for non-pressure parts / internals
ERW/Fabricated pipes and fittings are also acceptable,

5.10  All external bolts shall be stud bolts threaded to full length, each with two hexagonal nuts.

511 MOC for all non-pressure parts welded to pressure parts shall be same as the MOC for pressure
parts.

5.12  Material shall be strictly as per datasheets. However, incase CS is specified, following material
shall be adopted:

SA 516 Gr6b/ 70 - Shell, Reinforcement Pads. Wear Plates, Lifting
lugs, Nozzle Necks (if fabricated from plates).
any other component directly welded to shell.
SA 105 - Nozzle flanges & Blind flanges.
SA 266 - Giirth Nange
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SA 106 GrB - MNozzle pipes/Piping

6.0

6.1

6.2

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.4

6.5

6.6

6.7

SA 193 B7 & SA 194 2H Studs & nuts (External)

SA I B & SA 194Gr 8 Bolts & nuts (Internal)

IS 2062 E250 Gr B /
SA283GrC
SA 234 Gr WPB . Standard Fitting

Saddle supports, supporting structure, etc.

FABRICATION

All pressure bearing butt weld shall be full penetration, double welded joints. When second side
welding is not possible due to inaccessibility, single sided butt weld joints with root run by TIG
may be used to ensure full penetration. The inside seam weld, if possible, shall be ground smooth.
Nozzles, manways and their reinforcement pads shall be attached to vessel with full penetration
welds. All weld seams shall be clear of nozzles, manholes and stiffening rings etc.

MNo. of weld seams shall be kept minimum. L-seams shall be restricted to one (1.0) number for
every 2.0 meter diameter or part thereof.

Head / Dished Ends

Dished ends shall preferably be of seamless construction. However, dished ends with one chordal
weld seam are acceptable. In such cases, the width of chordal plate shall not be less than one third
of the blank diameter and chordal seam shall clear nozzle opening and such weld seams of formed
ends shall be subjected to 100% radiography after forming.

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

Wherever hot forming and subsequent heat treatment is involved, adopted procedure shall not
impair the mechanical properties of the material bevond the limits specified in respective material
specification.

Intermediate heat treatment, if considered necessary, shall be carried out by the vendor. Dished
ends shall be torispherical (Knuckle radius 15% of outside diameter and crown radius 80% of
outside diameter) or 2:1 ellipsoidal.

All flange bolts shall straddle principal centerline.
All nozzles to shell welds (Root and Final run) shall be examined by MP/ DP Test.

Pickling and passivation of stainless steel (585) clad surfaces and internal / external surface of 55
internals shall be carried out as per ASTM A-380.

Vendor shall submit Welding Procedure Specification (WPS) and Procedure Qualification Record
(PQR) to AIA or authorized representative for approval as per ASME Boiler and Pressure Vessel
Code Section IX or IBR (as applicable). Welding consumables shall be as per ASME Boiler and
Pressure Vessel Code Sec 1l Part C and shall be indicated in fabrication drawings. For C5 pressure
parts, the electrode shall be of low hydrogen type. Welding shall not commence unless the
concerned procedures are approved. Only welders who are qualified in the accepted procedure shall
be employed Tor welding.
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7.0

7.1

7.2

7.3

7.4

7.6

7.7

7.8

8.0

9.0

9.1

9.2

RADIOGRAPHY AND OTHER NDT REQUIREMENTS

All the NDT procedures shall be submitted to AIA for approval. For all NDT activities, only
qualified NDT personnel/technicians shall be deployed with the approval of AIA.

The extent of radiography shall be as specified in datasheets or drawings or job specification. In no
case shall the radiographic examination be less than that specified in the code. However, spot
radiography is the minimum requirement. When spot radiography is specified, at least 5% of the
total weld length excluding T joints shall be radiographed. Further, all *T" joints shall be
radiographed. This requirement shall supplement the ones specified in ASME Sec. VIII Div. L

The specified radiography of welds may be performed before or after PWHT. If performed before
PWHT, an additional radiography or alternatively, UT shall be performed after PWHT.

Full radiography when specified shall imply 100% radiography of all butt welds.

All full penetration welds, which cannot be subjected to radiographic testing, shall be subjected to
UT. However, MP or DP examination or both at the discretion of the AIA shall be carried out if UT
also cannot be performed.

All nozzles fabricated from plate, irrespective of thickness of plate, shall be 100% radiographed.

All attachment welds shall be either DP or MP tested.

Acceptance standards for radiography shall be as per ASME Sec. VIII Div. | or IBR as applicable
unless stated otherwise.

HEAT TREATMENT REQUIREMENTS

All CS welds of Deaerator are required to be PWHT mandatorily. Deaerator shall be post weld heat
treated in accordance with ASME code. No welding or heating is permitted after PWHT operation.
Hardness of welds not to exceed 200 BHN. Vendor shall submit all the procedures for PWHT for
approval,

SPARES

Mandatory Spares

a) Vendor shall supply 20% extra studs and nuts but not less than 4 studs with 8 nuts for each
pair of mating flanges, interconnecting nozzles, nozzles with blind flanges etc.

b) Vendor shall supply 400% of spare gaskets other than those used for testing and/or during
transportation.

c) 25% Spray Nozzles (subject to minimum 5 Nos. of each type & size)

d) 10% Random Packing (if applicable)

c) 10% Bolts/Nuts and Clamp Assemblies for internals (minimum 10 nos. of each size)
] 100% Gaskets or Tapes for internals and internal flanges (each type and size)
Erecction & Commissioning Spares

For activities to be carried out at site during erection, following erection & commissioning spares
shall be supplied by the vendor:
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a) Vendor shall supply 20% extra studs and nuts but not less than 4 studs with 8 nuts for each

93

94

10.0

10.1

10.2

10.3

10.4

10.7

10.8

10.9

pair of mating flanges, interconnecting nozzles, nozzles with blind flanges ete.
b) 10% Bolts/Nuts and Clamp Assemblies for internals (minimum 10 nos. of each size)
c) 100% Gaskets or Tapes for internals and internal flanges (each type and size)

All spare parts furnished by vendor shall be wrapped and packaged so that they will be preserved in
original as-new condition under the normal conditions of storage to be anticipated and shall be
properly tagged and coded so that later identification as to intended equipment usage will be
facilitated. They shall be packaged separately, clearly marked as "Spare Parts" and shipped at the
same time as the equipment. Packing lists shall be furnished so that the parts can be handled
without uncrating if desired.

Vendor shall provide one sets of special tools & tackles (if required) for operation and maintenance
of furnished equipment.

INSPECTION AND TESTING
The inspection of all the items for the Deaerator shall be carried out by AIA (Stage-wise and Final).

The materials, fabrication and testing of Deaerator shall be open for inspection by AlA in addition
to any inspection required by the specified code or by local authorities having jurisdiction over the
installation.

Inspection by AIA shall not modify or reduce the obligation of the vendor to carry out his own tests
and control. Should any material and/or eguipment be found not in compliance with the
requirements specified, the authorized inspectors or their delegates shall be entitled to irrevocably
reject them, even if such non-compliance has not been evidenced in the course of inspection and/or
tests,

The authorized inspector will, at the time of his initial visit, set up with the Vendor actual details of
inspection stages to be wilnessed or carried out; the schedule of further visits and subsequent
inspection notices can be arranged between the inspector and the Vendor.

The Vendor shall notify the authorized inspector sufficiently in advance of any fabricating
operations to permit him to arrive at the vendor's shop in time to witness the operations.

The Vendor shall provide to the authorized inspector, free access to his shops at all times. He shall
also supply all tools and tackles to the authorized inspector for carrying out the inspection. The
Vendor shall also arrange for similar facilities at his sub-vendor's shops.

The Vendor must satisfy the authorized inspector that the welding procedures, welders, electrodes,
fluxes, welding wires etc. are in accordance with the requirements of the relevant codes. Further the
welder's qualification tests must be carried out in the presence of the authorized inspector.

Prior to final inspection, all slag, weld spatter, loose scale, dirt, grit, paint, grease, oil and other
foreign matters shall be removed in order to facilitate inspection. All reinforcing pads shall be
pressure tested with air and soap solution before and after heat treatment and before final
hydrostatic test,

A dimensional checking of equipment shall be carried out taking into account the tolerances shown
on design specifications or applicable codes. The more stringent values shall govern, Dimensional
checks are to be taken of the internal measurements of equipment together with external ones and
these are to be recorded on a copy of the drawings as being the "As Built" dimensions.
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10.10  Inspection and test requirements shall be as per Inspection and test plan enclosed with the

10.11

10.12

1.0

11.3

specification,
Hydro Test

Vessel shall be hydro tested to pressures indicated as per codes and standards after complete
fabrication and PWHT. The hydro test shall be held for I-hour minimum. Though, Deaerator and
Storage tank are to be transported to site separately, Vendor shall carry out Hydro-test in fully
assembled condition at vendor’s work before dispatch to site.

The Authorized Inspector shall witness Hydro-test. When Hydro-test is performed, the indicating
gauge shall be connected to the upper most part of the equipment. Clean and fresh (Potable) water
shall be used for testing. However, for S8 lined or S8 vessel, water used shall not contain more than
25 ppm chlorides. The temperature of testing medium shall preferably not be less than 16°C. Afier
Hydro-testing, Deaerator shall be thoroughly dried by blowing dry air. During Hydro-test, care shall
be taken to avoid local stresses in shell from exceeding 90% of the vield strength of the material at
the temporary saddle supports.

Performance Test

a. A performance test of the Deaerator shall be conducted, within one (1) year from initial on-
stream date. If the Deaerator has been in operation for a period of more than ninety (90) days,
and the vendor believes that certain equipment require maintenance prior to the performance
test, such maintenance will be performed by vendor.

b. Test Method for determination of O; content shall be ASME PTC 12.3 and Test Method for
determination of nil CO: shall be Trimetric method.

¢.  The performance testing shall be done after plant stabilization for 2 hours at the design or at
maximum operating load case or any intermediate load (load ranging between 10% to 100%
design outlet capacity) as decided by Client. Performance requirements are as specified in
Process Datasheets. Results of the performance test evaluation, including test samples and
operational data along with necessary engineering calculation shall be used to determine if the
system meets guarantee requirements as specified in Process Datasheet. All necessary
apparatus, tools & tackles etc. for carrying out Performance Guarantee Test Run (PGTR) shall
be arranged by vendor at his own cost.

Vendor to demonstrate performance parameters as specified in the Process Datasheet. In case
performance could not be achieved, vendor shall modify the components of Deaerator and
supply all items “free of cost™ which are required to meet performance guarantees. Maximum
time limit to complete this activity to full satisfaction of Client shall be 90 days from start of
PGTR. In case of non-compliance, it shall amount to rejection.

PACKING AND DESPATCH

After inspection and testing at vendor shop, Deaerator shall be suitably packed for transportation. It
is vendor's responsibility to ensure that the Deaerator vessel & storage vessel dispatched are
complete in all respect and ready for erection at site.

Vessel shall be suitably anchored to avoid damage during transportation. All flanges shall be
blanked with steel plates and gasket, to avoid damage of gasket face.

Vendor shall furnish preservation procedure taking care of all stages (i.e. Pre-installation,
I'ransportation, Erection and up to Commissioning).
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120 GUARANTEE
12.1  Vendor shall have total responsibility for the process/thermal design, mechanical design, selection

12.2

13.0

of materials, quality of materials, fabrication and performance of complete Deaerator in accordance
with the specification, This guarantee shall also include sub-ordered/bought out items forming part
of the total supplies.

The guarantee period and financial liabilities of the Vendor shall be as per Owner’'s commercial
terms and conditions or General Purchase Conditions (GPC) enclosed elsewhere.

VENDOR DATA REQUIREMENT

Vendor shall submit Process and Mechanical Design Calculation, General Arrangement Drawings,
Fabrication Drawings etc. for Consultant/Owner review/approval. However, review of these
documents shall not relieve the Vendor of his responsibility in any manner. Design Calculation,
GAD’s, Fabrication Drawings and other documents shall be submitted in accordance with the
Requisition / Bid document.
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Abbreviations:

ASME  American Society of Mechanical Engineers
ASTM  American Society of Testing and Materials
BHN  Brinell Hardnoss Number

BTD:  Bolt Tensioning Device

BV Burean Voritas

CIB Chief Inspector of Boilers

Cs Carbon Steel

DIA Designated [nspection Agency

DNV Det Morske Verilas

)y Dve Penetrant

FEYW  Full Penetration Weld

GPC General Purchase Condition

HAZ  Heat Affecied Zone

HIC Hydrogen Indueed Cracking

IBR indian Boiler Regularion

ID Inside Diameter
IGC Inter Granular Cracking
15 Indian Standards

LAS Low Atlloy Steel

LTCS  Low Temperature Carbon Steel
MDMT Minimum Design Metal Temperature
MP Nagnetic Particle

NB Mominal Bore

MNDT  MNon-Destructive Testing

PO Purchase Order

pRm parts per million

PTC Production Test Coupons

PWHT Post Weld Heat Treatment

QAP Quality Assurance Plan

55 Stainless Steel

TEMA Tubular Exchangers Manufacturers’ Association
CT Ultrasonically Tested

LTS  Ulimate Tensile Strength

Static Equipment Standards Committec

Convenor: Mr. Nalin Kumar
Co-Convenor: Mr. K. Anjaneyulu

Members:

Mr. Tarun Kumar (Emp. No, A328)
N, Tarun Khurana (Coordinator)
Mr. I ¥ Satyanarayvans

Mr. Anish Trehan

Mr. P Bank

Mr. Saikat Chakraborty

Mr. Piyush Suryavanshi

M. Mittal Kumar Patel

Mr. Srikanth Karnam

Idr. Aasheesh Handa (Projects)

Mr. Prabhakar Choudhary {(SMMS)
Mr. Avdhesh Agrawal (SCM-Tnspection)
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1.0 GENERAL

1.1 Scope

This specification covers the requirements for residual design, engineering, materials, fabrication,
workmanship, inspection and testing of shell and tube heat exchangers and is intended to supplement the
requirements of the applicabie Codes. EIL specifications and standards wherever indicated in the
requigition shall be lolowed unless stated otherwise.

This specification shall not be considered limiting and it shall be Supplier's responsibility to comply with
all requirements of requisition or bid documents to which it is annexed.

1.2 References

1.2.1 CODES AND REGULATIONS

The following Codes in their edition referenced in drawings or data sheets or design basis aleng with the
other specifications enclosed with the requisition shall form the basis for design, materials, fabrication,
inspection, testing and acceptance of the equipment:

(a} ASME Boiler and Pressure Vessel Code Section VI Division | {Code), ASME Section IT Part
A, B, Cand D, ASME Section ¥, ASME Section IX,

(b} TEMA (Class as speci'ﬁad on the drawings or data sheets or design basis).

(] IBR, if applicable {latest edition with amendments up to date).
(d} National and local laws or regulations, as applicable.
1.2.2 FOR HEAT EXCHANGERS UNDER THE PURVIEW OF [BR:
{a) Supplier shall carry cat design caleulations as per IBR and only in case of any deubt refer the

same to Owner and EIL for clarifications. All materials, fabrication, welding, testing etc. shail
meet the requirements of IBR.

{b) In case the equipment i3 manufactured in India, the desiyn calculations and fabrication
drawings after preliminary review of Owner and EIL shall be got approved by Supplier from
CIB of the State where Supplier's shop is located, prior 1o start of fabrication. Supplier shall
also provide the necessary assistance to Owner for obtaining approval from CIB of State of
installation, such as providing additfonal copies of calculations and drawings etc. as required by
CIE of that State.

3] In case the cquipment is manufactured outside India, the design calculations and fabrication
drawings after preliminary review by Owner and EIL shall be got approved by Supplier from
the agency authorised by IBR in the country of fabrication and the C1B of the State where the
equipment is to be installed, before the start of fabrication.

{d) It shall be the responsibility of Supplier to incorporate modifications or addilions required by
CIB or its anthorised agency and obiain the [inal approval. Owner and EiL shell be kept
informed about these. All costs towards approval from CLB shall be borne by Suppliet. Ali IBR
approved design calculations and drawings shall be furnished to EIL for final revigw of
fabrication drawings and in equipment dossier.

1.3 Deviations

In general, no doviations from datasheets. drawings, standards, specifications and requisition shall be
permitted.

Generally, no deviations shall be entertained after the Supplier has accepted the order unless it is to
comply with statutory or Code requirements. All waivers and deviations aftcr order shall be routed
throngh the Regional Procurement or Inspection Office In charge in the prescribed format. Delay in
supply of the equipment because of such deviations being not entertained or approved by Owner or EIL
or any delay in processing the same by Owner or EIL shall be (o Supplier's account. Any additionai
design work in support of such a deviation shalf be performed by the Supplier and submitted along with

the deviation.
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1.4 Ceatradictory Requirements

In casc of any contradiction between the requirements of the requisilion, drawings and other documents
forming part of the requisition, Supplier shall resolve the matter in consultalion with Owner or EIL.
Decision of Cwaer or EIL shall be binding and without any implication of cost and time, it not resolved
at bidding stage.

24 MATERIAL SPECIFICATION
2.1 General

211 All materials used for fabrication shall be new and of Grst yuality. All materials and accessorics required
for the fabrication, inspeclion, lesting etc. of the heat exchanger shall be supplied by the Supplier unless
atherwise stated. Whenever some maicrial is 10 be supplied by the Owner, this shall be so indicated as
Frec [ssuc Malerial and the supplementary specitications in this regard shali be complied with.

2.1.2 In addition to the requirements of materials as per material specitications, materials shall also meet the
requirements mentioned in this specification and other specifications enclosed with the requisition. All
materials shall be centilied for compliance with IBR requirements for the ilem(s} so specified. While
procuring materials, Supplier shall stipulale additional requirements such as limits on hardness, UTS,
yield strength, chiemical composition, heat treatment and any oiher specilic requirements to ensore that
final requirement as per specification and Code are met with.

All materials for pressure parts and paris welded w pressure parts incloding materials in the scope of
sub-supplicrs, shall be accompanied with mill test certificates duly certilied by a reputed third-party
mspection agency. In the absence of mill test eerlificate the material shall be got tested from a repoted
third-party inspection agency like CEIL, Lloyds, BV, DNV ete. and fest resulls shall be submitted in lieu
ol mill test certificate. All cost towards such iesiing and inspection shall be borne by the Sopplicr. All
matcrials shall be imspected at Supplier and sub-supplier's shop for verification prior to use on the jab.
The decision of DA to accepl or reject malerials on the basis of such testing shali be final.

2.1.3 Wherever simnlated heat treatment of tesl specimens is required as per Code or speeificalion, the
simulation ¢yele shall include one extra cycle of stress relieving for any cventuality of repair at site by
Owner during the life of the cquipment.

214 MDMT shall be taken as 0 °C or the design temperature specilfied in drawing or datasheet whichever is
lower, unless specified olherwise in design basis or datasheets or drawings. For low icmperalure service
{0°C and colder), mnless exempted by ASME Scetion VIIL Div. 1, Paragraph UG-20 (f) and Paragraph
UC5-66, all Carbon & Low Alloy Stesl materials (for pressure parts and attachmenls 1o pressure parts)
shall be impact tested at the MDMT or colder and mect requirements of ASME, Section VI, Bivision
1, Paragraph UTHG-84.

2.1.5 PLATES
2.1.3.1  Pressure parts having thickness 16 o 50 mm (both inclusive) shall be L'l as per $A-435.
2.1.52  Pressure parts having thickness =30 mm shall be UT as per ASME SA-578 Level B,

2.1.53 Recondilioning, repair of plates by welding shall not be permitted. Surface conditions shall meet
requiremernts of BN 10163 (Part: 2) Class A Subclass 3

216 TUBES
2.1.6.1  All the tubes shall be seamless and cold drawn,
2.1.6.2  TProduct analysis of tubes shall be cerried out and reported in the material tost certilicates.

2.1.6.3  Tubes shall be in fully heal-lreated condition as received (rom the mill. C8 tubes shall be in anncaled
condition and copper alloy tubes shall be in annealed temper condition. LAS wbes shall be supplied in
normalized and tempered condiiion,

2.1.64  All unstahilized 55 tubes shall be supplicd in the solution annealed condition and all stabilised prades of
55 such as 85 321 and 55 347 shall be supplied in stabilization heat treated condition, in addition o

solorion anngaling,
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2.1.65 It is preferable while ordering tubes the maximum vield strength and hardness of tubes are specified such
as (o be lower than those of tube shect, in order to achicye a sound expanded tube o tube sheet joint,
complying wilh Code requirements.

2166 “Abrunder water™ 1esting shall be cawried out for all tubes except non-ferrous tubes, As an aifternative,
tubes can be hydro tested. In case the wbes are hydro (ested, hydro test pressure of tubes shall be higher
of tube side wst pressure or as required by Code. Water gquality shall be as por Pama 7.2.1 of this
specification.

2.1.6.7  For requirements of U] tubss refer TIL specilication 6-13-0006,

217 FORGINGS

Forgings manufacturcd 1o SA-105 and SA-266 above 75 mm thickness (thickness as defined in para 3.2.9
of ASME Sec. VI Division 2), all tube sheet [orgings and all forgings of other materials, except for the
standard nozzle flanges up o 8" NB and small forgings {of couplings. plugs and ¢yc bolis) shall be 100%
Ui as per SA-388. Acceptance crilerin shall be as per para 3.3.4 of ASME Section YT Division 2.

2.1.8 I'IPES

Drimensions and tolerances shall be in accordance with ASME 36,10 or ASME 36.19, as applicable, as
pet material specification,

2.2 Specific material requirements (Pressure parts and parts welded to pressure paris)
221 CH5 ANDLTCS MATERIALS
(a) Carbon content shall not exeeed 0.23%,
(k) All plates shall be in normalized condition,
{c} Use of SA 515 of any grade is not permitted.
{d) Flalcs = 50mm Lhickness shall meet following additional requirements of SA-20:
fi} Yacupm trealment as per the supplementary requirgment 51, [f vacuum desassing is

not reported in the test certificates, then through thickness tests as per $A 770 shall be
conducted and mniimum reduction 11 area of 33% shall be ensored,

fii) Charpy V-noich (st as per supplementary requirement 55 of specification SA-20.
Material meaut to he used for desian temperatires warmor than 0°C, Impact test shall
be carried oul ul 0'C or MDM'L whichever is lower and acceptance criteria for cnergy
absorption shall be as per Tahle AZ.15 of 5A-20. Incasc aceeplance criteria is nol
available in SA-20, then applicable design code shall be referred unless othorwisc
specified in requisition. Orientation of test bar shall be transverse o rolling direction.

&) Linless specified otherwise in reguisition or bid document, all C5 matertals specified as 1HIC
lested shall meet the requirements of specification: 6-79-0012 or 6-79-0013 {(as applicahle).

() AN T.FCS and CS charpy plate malterial shall be made to fine prain practice and the primary
austenitic grain size shall be measured and reported in mill test certificates.

{2} CS pipes shall be SA-106 Gr. B for MDMT greater than — 29 °C, unless otherwize specified.
For MIDMT less than and cqual v 29 °C, C5 pipes shall be SA 333 Gr. 1 or 6.

{h) Man-standard forgings (5A 266, 5A 350 ¢te) shall be normalized and (empered.

222 LAS MATERIALS
i) All LAS plates, pipes, forgings and fittings shall be in normalised and tempered condition. Usc

of C-: Mo material is prehibited. All LAS materials shall be charpy V-notch impact wsted. Test
lemperistures shall be lowest of minimum ambienl lemperature, design temperature, MOMT and
—18"C (0" instead of —18 °C for 5Cr-1/2Mo materials). Impact enerpy valucs as per UG-84 or
apphicable specification, whichever is higher.
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b Accelerated cooling fromt an ausiemiizing lemperature by liguid quenching followed by

tempering (N + ACC. + 17 13 also acceptable for plates. Trrespective of thickness, LAS plales
shall mect the requirernents of AP RI 934 {part as applicable).

c} In the case of 1% Crld Mo and 2% Cr- 1 Mo materials and weldments, the maximum room
lemperature tensile strength for all pressure containing componenits, malerials and welds shall be
100000 ps1,

dy For LAS tubes (8A 209 and 213} hardness test shall be perfinmed on outside of the tubes as per
SA-450.

e} [or LAS plates > 50 mm thickness, vacuum treatment as per supplementary coquitement 51 ol
SA 20, If vacuum degassing is not reported in the test certificates, then through thickness tests
as per 8A 770 shall be conducted and minimum reduction in area of 35% shall be ensured.

223 S5 AND OTIER HIGH ALLOY MATERIAL

i) All 85 material {300 series) shall be in the solulion heat-treated (fully annealed) and pickled
condition. All stabilised grades of 85 (85 321, 88 347 cte.) shall be given stabilisation heat
treatment, in addition to solution annealing. For all stabilized yrades of stainless-steel materials
svaking temperatures for stabilization heat treatment shall be 915°C + 10°C and secaking period
shall be minimum ol 4 hours {2 hours for thicknsss = 3.5mm}.

) 55 (300 serica) plalcs shall be hol rolled and shall have No.1 finish on both sides. Cold rolled
plates, if permitied by requisition, shall have No. 2B [1nish.

o) 85 (300 series) materials for all components including non-pressure parts like balles, tie rods,
etc. shall be procured with the TGC iest as per ASTM A-262 (lest shall be carried out, after the
specificd heal treatment and sensitisation per spectfication) with acceptable corrosion rale and
practices as under;

il For all sarvices except nitric acid service, Practice I shall be [ollowed. Specimen after
cxposure shall be bent as per requirements mentioned in A262 Practics E and shall be
inspected under magnification of 200X, The bent specimen shall be free of any cracks
or grain dropping. T'he microstructure shall be submitted to DIA for approval.

ii) Nitrie acid service - Practice C carrosion rate <635 micra-m per annein.

{d} For straight chrome {13% Cr.) material, maximum carbon content shall be < (.06%. Hardness
of UNS no. 841000, 541008 and S40500 shall be = 241 BHN.

2.24 NON-FERROUS MATERIALS

{a) Al copper based non-ferrous plates shall be procured in annealed condition,

(b Plates tor pressure parts shall be 100% UT. Supplier shall submit the procedure for UT to DA
lor approval,

{e) Im addition to hydro test, all tubes shall be eddy current tested in their final anncaled eondition,

(d} All pipe bends shall be stress relief annealed alter bending.

] The paragraphis NTF7 and NF 14 in part UNTF of Code are mandalory, This applies to non-ferrous

cladding and weld overfay also.

2.2.5 CLAD MATERIALS

{a) Cladding shall be incgrally and continuowsly bonded to the base metal, All clad plates shall be
rolled-on or explosion bonded type.
fh Clad plates shall be UT Fom the cladding surface as per SA-578. Scanning shall he 100% of

the plate surface. Acceptance standard shall be level T Clad plates shall mest the
supplemeniary regquirements of 31 of SA-578 and [ntegrity of clad plate shall be ensured
Quality level: class-1 as per 54 263 or 84 264 or §8A 263 ANl UT shalt be undertaken aller
apecificd heat treatimend of clud plates.
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fc) Noth base material and clad material shall meet the speciﬁcatinﬁ of the respeclive materials as

stipulated in this specilication,

{(d) Alloy clad steel plates shall be as per SA 263 or SA 264 or SA 265, Bend between cladding and
the base metal shall be checked for 2 minimum strength of 14 kg/mm? in shear for alloy clad
steel plates, by conducting shear test as per applicable malcrial specification.

() For copper alloy clad plates, the bond between cladding and base metal shali be checked for &
minimem strength of 10 kg/mm? in shear by conducting shear test.

ify During tension lest of clad plates, the cladding shall be removed and the tensile properties of
ihe base material shall meet the Code material requirements.

{z} For austenitic 53 clad plates, the S5 surface shall be acid pickled as por ASTM A-380. For

chromium stecl clad surfaces, the pickling shall be as per Supplier's established procedure. The
same shall be sebmitted to Owner or EIL lor approval.

{h} For clad components, Supptier to ensurc that plate thickness after bonding and machining shall
not be less than the thickness specified in drawings, Svpplicr (o consider sofficient margin on
¢clad and base materials so that thickness afler machining and complete fabrication shall be as
per the drawings. For nozzle necks with weld deposil, sullicient margin on 1D shall be taken to
allow [or shrinkage

23 Non pressure parts

231 CS plates shall be minimum 1S-2062 or SA 283 Gr, C or cquivalent. ipes shall be to 18 1239 or A 53
or equivalent.

2312 Saddle malerial shall be same as that of shell for shell design temperature > 350°C and for shell design
temperature less than (°C.

24 Equivalent materials

The materials for varions componenis in a heat exchanger shall be as per Owaer or EIL's requircment,
This docs rod preclude use of equivalent or betier materials. However, these deviations should be clearly
indicated in the prescribed format. If an equivalent material sought by the Supplier is to a specification,
other than T or ASTM or ASME, it is necessary [or the Supplier to submit the specilications of the
equivalent material wilh complete defails in English for approval,

3.0 sSurPLY

Supply shall be in accordance with requisilion or bid document to which this specilication is attached. It
shall, however, include the following also:

2.1 Test Ring Assembly, Dummy Shell and Test Flange

a. ‘lest ring assemblies, dummy shells and test flanges wherever required shall be designed and
sopplicd by the Supplier. 'The stresses shall not exceed 90% of the mimimum yield stress of the
material as stipulated in material specification. Material used for fabricating these shall be of tested
quality. T'or removable bundle with tube side test pressure higher than shell side, the bundle shall
be tested outside the shell, with tube side pressurised for tube side tost pressure 1o check tube to
lube sheet joint leakage from the hack of lubc sheel. Test flange shall be designed accordingly.

b. Test ring assembly construction shall be stuffing hox type as per fig. E-4.1.3-2 of TEMA. [tis
prefemed that the test ring flange ihickness nol exceed the shell cover flange thickness, Otherwise,
Supplier to provide separate bolting for assembling test ring flange to shell. Similarly, Supplicr to
check that the studs for stationary tobe sheet bolling can be used with test flange. Else separate
bolting shall be provided for assembling test flange.

c. For “17 type of tlnating hcad exchanger necessary washers, holts and nuts for scaling of bolt holes
in tube sheet to be provided during hydro test.

3.2 Accessories for Tesling

All necessary accessories such as supports, blind [langes, lest gaskets, bolts, nuts eie. shall be provided
and supplicd by the Supplier for testing of heat exchangers, in Supplicr’s shop and for subsequent tesiing
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by Owner at site, whenover requited.
33 Oiher Accessorics

331 sSupplier shall also supply tie bolts, leveling shims or intermediale supports for stacked units. In case the
stacked units are transporicd scparately, the leveling shims required for matching the nozeles shall be
tack welded to the saddles and shall rot he supplied loosc lo avoid misplacement during transit and at
site. (Gaskets, nots and bolls [ur interconnecting nozzles (both tube and shell side) along with spares shall
be supplied by Supplier. All these components shall be despatched separately with due care having been
taken regarding identification of these for ease of installation,

132 Earthing lugs shall be provided on each heat exchanger and shall be located in such a way as 1o avoid any
[ouling with the exchanger foundation holts at sile.

131 Supplict o supply one set of torque wrenches for holt size M43 (134" 10 M36 (24™) and ane BTD for
bolt sizes greater than M36 (2'4"), in case these bolt sizes are being used in exchangers covered in the
reguisition. BTD capacity shall be 40% more than the maximumn load required for hydro test condition.
BTD pump shall be pneumatically and manually driven. Supplier shall supply one pump unit, required
inad cclls, 4 heads of each size, one set of flexible high pressurc main hose (o connect the pump unit to
lcading cells, hoses common for all bolt sizes and spares as recommended by the BTD supplier. 'l'orque
valucs for tightening the bolts shall be mentioned in the fabricalion drawings. For all studs requiting
tightening by boll tensioner, length of studs shall be longer by “one diameicr / a3 recommended by BTD
Supplier”. All bolt tensioners must be satisfaclorily used/demonstrated during assembly/disasscmbly and
hydratest al shop before dispatch.

334 Dayits, if rcquired as per design basis or drawings, shall be provided.

335 Additions like cleats for piping, ladder, platform, insulation etc. that may be requircd al a laler stage shall
be provided.

3.4 Cathodic Protection

Whenever cathodic protection is specified both sacrificial anodes and intermal painting shall be provided.
Separate specifications shall be provided in the requisition.

35 Spares Lo be supplicd by Supplicr

Following spares shall be supplied by Supplier unless othorwise specilicd im the Requisition:
35010 BOLTING: 20% studs and nuts but not less than 4 studs with § nuts for cach joinl.
3532 GASKET: 400% gaskets other than those used for hydro testing and despatch for cach joint.

3.535 Spare bolting and gaskets shall be provided (or all joints of girth flanges, floating head, channel cover,
tubc sheet, interconnecting nozzles, nozzles with blind flange cle.

4.0 FABRICATION
4.1 Edge Preparation

4.1.1 For C5, the edges for welding shall be made by machining, chipping, cold shearing, oxy-acetytene Name
cutting or a combination of these. Chipping or cold shearing shall be totlowed by grinding (o a smooth
and reguiar surface. Oxy-acetylene flame cutting shall by followed by machining or grinding to eliminate
any discaloialion of matenial affected.

4.1.2 For LAY, the edges for welding shall be made by oxy-acetylene flame cutting or hy machining. Cold

shearing may be used for cutting thickness up to 10 mm. Oxy-acelylene MName culling shall be nsed with
preheat and shall be followed by machining or grinding to eliminate any discoforation of material

affected.

413 For ausicnitic 58, the edges for welding shall be made by plasma are, however, cold shearing mav be
adopted for thickness up to 15 mm, In all eases the cul cdges shall be yround back or machined back by 2
L+ 3 num.

4.1.4 All welding edges afler culling shall be DI or MiP® examined for laminations, cracks or segregation.
Additionally, UT shall be carmied cut within, two times the material thickness of edge [or LAS materials
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or five times the material thickness of edge for materials when the service is low temperature or hydrogen
or HIC.

4.1.5  The paragraphs NF7 and NF14 in part UNF of Code are mandatory. This applies to non-ferrous cladding
and weld overlay also.

4.2 Rolling and Dishing of Plates

4.2.1 ROLLING

Rolling [or bending and forming of plates shall be in the longitudinal direction of the plates. This
direction shall be clearly marked on the plates.

Rerolling after welding is not normally recommended. However, if for large diameter shells, rerolling of
welded shell course is inevitable, procedure for rerolling along with extent of NDT shall be submitted for
approval of the DIA, Al]l welds on the section to be rerolled must be ground flush. After rerolling all the
welds on the re-rolled section must be DP checked. Such welds shall then be subjected to radiography as
required by drawings and Code.

4.2.2 DISHING

All dished heads shall preferably be of single piece construction. However dished ends with one chordal
seam are acceptable for shells with diameter greater than 1 m. In such cases, the chordal seam shall
preferably be in the middle one-third of the blank. Dished ends shall be torispherical (knuckie radius
13% of outside diameter and crown radius 80% of outside diameter) or 2:1 ellipsoidal. Dished heads shall
be subjected to DP test on knuckle portions (both ingide and outside) and weld edpes after heat treatment.
Supplier o ensure adeqnagy of indicated thinning allowance for dished hcad. If nominal thickness
indicated is not adequate then the nominal thickness should be increased accordingly, keeping minimum
thickness as per item drawing. A straight face of 38 mm or 3 times the nominal thickness of dished head,
whichever ig more, shall be provided, bt maximum straight face shall be limited to 50 mm.

4.3 Welding

4.3.1 All welding and weld overlays shall be done with electrodes, fillers and fluxes of reputed make with
proven reproducibility of results. DIA shall specifically approve brand names. For CS pressure parts, the
electrades shall be of low hydrogen type. IGC test as per ASTM A262 Practice E shall be done for
austenitic 85 consumables, which are to be used in application involving solution anncaling. Austenitic
98 consumables of low carbon and stabilised grade shall also be [GC tested as per ASTM A262 Practice
Ii. Straight chrotne materials shall be welded with electrode that produces an austenitic chromium nickel
weld deposit or & non gir hardening nickel-chromium-ivon weld deposit for both the barrier tayer & final
layer. Alternatively, welds that produces the same composition as Straight Chrome matetials are also
acceptable.

432  All welding procedures shall be submitted for approval by DIA giving all relevant details. Welding
qualification records shall indicate hardness values of weld metal, HAZ and parent metal and also results
of impact tests when design tomperature is below 0 °C or when specifically indicated for materials being
welded. No welding shall be undertaken until DIA has approved the welding procedurs and welder’s
qualification. All welding procedures and welders shall be qualified for the particular type of welding and
material in accordance with the ASME Section 1X. Supplier shall be responsible for the quality of the
welds performed.

433 Pressure helding joints shall be FPW. Root pass of single side welded joints shall be done with GTAW
process. Backing strip for single side welded joints is not permitted, For LTCS materials, both inzide and
outside of welds shall be ground flush or dresscd smooth. All internal welds in the shell shall be gpround
flush in order to insert and remove tube bundle. Aiso, all internal welds shail be ground flush to the
extent of facilitating draining of complete equipment. Ail other weld may be left in the descaled
condition only.

434 Longitudinal seams shall be staggered with the circumferential distance between the centres of welds

being at least 5 limes the thickness of the thicker-plate. Weld seams shall be located so as o avoid
interference with weld seam of nozzles and external attachments.

4.3.5 Attachment to pressure part shall be of same quality as the pressure part. All LAS weld attachments to
pressure retaining component shall be FPW and ground to & smooth concave contour. External
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attachments like lugs, supports etc. of CS shall not be welded directly to high ailoy or austenitic S8 heat
exchanger components. These attachments should be of the same materfal as the heat exchanger
component. If this is not so, intermediate pad plate of the same material lype as the heat exchanger
component may be used. These pads shall be at least 100mm wider and longer than the attachment and
shall be at least 5 mm thick. Welding of CS or LAS to austenitic S8 shall be done with austenitic 8§
clectrodes or [iller wire (AWS-ASTM-E 3091 or E-309 Mo L only).

Wrapper plates, reinforcing pads, saddle plates or stiffeners of higher thickness than specified can be
used provided there is no change in basic dimensions and with the approval from DIA. No separate
deviation permit is required for the same.

436 Partition plates of CS and 300 series 88 except for [ow temperature service, shall be welded to channels
cte. by continuous fillet welds with minimuom size of 6 mm on hoth sides, For all other materials and for
hvdrogen and low temperature services, all welds involving partition piates shall be FPW. FHowever, all
pass partition plates shall be FEW up to a distance of 27 (30mm} from the gasket contact surface.
Partition plates thicker than 10 mm shall be tapered to 10 mm at partition proove end except when
mentioned otherwise on drawings. One weep hole of 6 mm diameter shall be provided at the center of
each horizontal pass partition plate and a 5 mm radius notch on top and bottom point of each vertical
pass partition plate for all multipass exchangers for effective venting and draining.

4.3.7 Welding of shell to unhubbed tube sheet shall meet the requirements of Code considering that the tube
sheet is unsupported.

43.8 When impact tests are required on material as per Code or specification the welds shall also be gualified
for impact test. In such case following special requirement shall apply to the welding procedurs
qualification:

i} Qualification tests shall be madc on plates of the ASME specification as specified for the
exchanger using welding electrodes of AWS or SFA specification and wire & flux of the

specification and brand as are to be used on the job.

ii} Welding current and travel speed shall be considered essential variables in order to ensure that
production welding is substantially equivalent to the procedure qualification,

i) Welded test plates shali be subjected to a total thermal cycle sequence similar to the finished
equipment. Specificafly, test plates shall be held at intermediate and [inal stress reiiefl
emperatures for approximately the same length of time as the finished exchanger. Final cooling
‘rate shall be appreximate o that expected for the finished exchanger.

iv) Charpy V-notch impact tests shall be made on the weld and I1AZ of the test platc for each
welding procedure to be gqualified. Test procedure shall be as per UG 84 of Code. Test
temperature shall not be higher than MDMT. Impact energy requirements shall be as per Tahble
2.15 of 8A 20 of ASME Section [] Part A or UG 84 of Code whichever is higher.

438 WLELD OVIERLAY

4.3.9.1 Wherever cladding is specified in datasheets or drawings, weld overlays are not acceptable, However,
wherever cladding is specified in the Tube sheet! channel cover, weld overlay can also be acceptable in
place of cladding.

4.3.9.2 Weld deposii overlay shall be done by a qualified welding procedure and surface shall be properly
machined or ground flush after everlay, Minimum thickness of finished weld deposit shail be as indicated
in the drawings or specifications. In case a higher deposition thickness and multiple weld lavers are
required to achieve the minimum specified undiluted deposit metal, the samc shall be done only after
taking prior approval from EIL. Minimum thickness of undiluted finished weld overlay from top shall be
2 mm or as specified in the drawings. For non-ferrous weld deposit, the iron dilution should be restricted
o 2.5% (mazimum} in the fnished undiluted layer {thickness defined above). Supplier must ensure
minimuwin thickness of undiluted finished weld overlay as per above and shall take special precautions to
ensure the same. Undercutiing of base material shall not be done while ensuning the minimum undiluted
chemistry. Supplier to take suitable allowance on machining in this regard so that minimum undiloted
thickness is guaranteed alfier machining. Supplier to qualily WPS/POR and submit documents to DIA for
approvals before proceeding with fabrication.
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4393 The weld overlay procedurc shall be qualified on base metal of the same composition as the exchanger
component and meeting the requirements of ASME Sgetion T,

4394 ‘Fhe weld overlay shall be relatively smooth with no notches and undercuts that would act as stress
raisers. All cracks, fissures and circnlar defcels grealer than 1/16 inch diameter shall be removed.
Kepaired areas shall he DP checked. Weld overlay shall be applied t basc meial, which has been prit
blasted and is smooth and clean so as to cnsure [ull bonding. Welding overiay cladding shall be applied
after any normalising but before PWLIT. The weld overlay shall consist of at least 2 layers.

434%.5 The alloy ctadding shall be cut back at all seams to permit hack welding of the base metal. Weld metal
shall be ground flush and fully covered with the applicable weld deposit. The weld joint in base plale
shall be 100% DP fcsied for detection of cracks and tlaws before welding [rom clad side. The weld
deposit shall be at least as thick as the cladding,

4.3.9.6  Shelis, cones, dished heads and nozzles formed from clad plates shall be subject to UT after formting, for
a minimum of 10% ol the ¢lad surface, but no less than one squarc feet in cach 10 square feet or fraction
thereal. Unbonded areas that cannnt be encompassed by a 3 inch diameter circle shall be repaired by
weld overlay. When repairs In excess of 5 % of the total examined arca arc roquired, the complete
cotnponent shall be subject to 100% UT., Repaired areas and weld deposit overlay at weld scams shall be
¥ examined. UT shall be repeated for dished heads after heat treatment. UT procedures shall be in
accordance with SA 578 86 for spot examination and SA 578 57 for 100% examination.

4.3.9.7  All weld overlays shall be 100% DP examined in accordance with the method described in ASTM-E-
163, The harrier layer shall be [00% examined. When the overlay involves multiple passes (layers) and
ihe procedure uses an intermediate heal reatmen! with cooling to room temperature prior o applying the
subsequent laver, cach layer shall be examined by DP. Where overlay s 1o be machined such as for
flange facing, machined surfacc shall be 100 % examined after final PWIIT. It 100% of overlay is
examincd prior (o the final PWHT, overlay shall be spot examined {nol less than 10% of the surface)

after heat treatmeni,

4.3.9.8 Samples of the weld overlay shall be taken o perform chemnical analysis to the speciticd depth. The
number and location of samples and method of taking samples shall be approved by DIA. However, they
‘shall be representative of each exchanger component for each type of welding proecss. Report of
chemical analysis shall be submitted to DIA for approval.

4.3.99 For all weld overlays used in hydrogen or HsS service with design temperature greater than 350°C,
Hydrogen disbonding test shall be carried out. The test condilion shall be representative of the actual
design conditions and the procedure shall be subimitted to DIA for approval. Rate ol cooling shall be
100°C/br (min.} unless specified ntherwise in datashects. Holding time shall be 48 hours unless specitied
otherwise in datasheets

43910 PICs are required for CS welds above 50 mm thickness and for LAS welds above 25 mun or when
required by the Code or when specified in the requisition. The following shall apply: -

a) Two PTCs representative of one longitudinal and another circumlerential seam shall be
provided for cach procedure, position and thickness.
b} PTC shall be from material of the same heat and thickness as (hat of parent metal. During and

after produciion welding PTC shall be subjected to same heat treatment as and wogether with the
course they represent. Ixtra PTC shall be preserved to take care of eventuality of retests,

c) ‘The 1wests mentioned below shall be carried out as per methods of lesting in Code:

i} One lransverse lension test.

i} Twio side bond tesls with weld localed in the center of bend.

iii} {ne hardness test on PTC weld and HAZ. The acceplable limits are 200 B1IN for C8,
225 BHW [or P3 and 1'4 materials and 235 BIIN for P3 as per EIL. specification no. 6-
15-0091.

iv} Micro and macro structoral examination of welds.

¥} For CS, charpy V notch tests on weld and (1AZ shall be carried oul. For MDM T <

0PC, impact test temperalure shafl be MDMT. For MDM'|' = or equal to 0°C, the test
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temperalure shall be 0°C. The acceptance criteria for impact energy shall be as per
table a 2.15 of 54 20 of ASME Section 1I part A or UG-84 of Code whichever is

higher.
vi} For LAS, charpy V notch test on weld and HAZ shall be carried ont. Test temperature
and acceptance criteria shall be as per clause 2.2.2 (d) ([i}.

4.4 Tebe to Tube Sheet Joints

Requirements of EIL specification no. 6-15-0003 shall be complied with for welded tube-to-tube sheet
joinis and that of EIL specification no. 6-15-0004 shall be complied with for expanded tube-to-tube sheet
joints,

Wherever expanded lube to tube sheet joint are specified and Supplier is not able to meet the Fr value in
mock up, EIL reserves a right to ask supplier to provide strength welded tube to tube sheet joint without
any cost & delivety Implication.

4.5 Hardness Limitations

Hardness limitation for CS materials, welds and HAZ wherever specified on drawings or datasheets shall
be ensured as por Specification 6-15-0091. Hardness limitation for LAS materials, welds and HAZ shali
always be ensured as per Specificalion 6-15-0091. Hardness limilation compliance for tube-to-tube sheet
welded joints shail be established/vorified on a mock-up with simulation heat treatment

4.6 Nozzle flanges, Nozzlex and Reinforcing Pads

4.6.1 FLANGES

Unless otherwise indicated, dimensions, drilling, facing and tolerances for nozzle flanges {and blind
covers if required) shall be as per ASME B 16.5 (for size up to 24" NB) and ASME B 16.47 series B (for
sizes above 24" NB) for the respective class, Weld ovetlays, wherever specified or required, sha!l be in
addition to the thickness as per these standards. Boltholes on these nozzle flanges shall straddle principal
vertical and horizontal centerlines of equipment. If the component to which nozzles are attached is
subsequently stress relieved, it shall be Supplier's responsibility fo maintain true pasket faces by
machining or otherwise. If distortion is expected, final machining operation should be done after stress
relieving; sufficient machining allowance for this parpose should be svailable. All flange faces shall be
suitably protected against oxidation during post weld heat treatment. Gaskets, for flanges to ASME B
16.5 and B16.47, shall be as per ASME B16.20.

462 NOZZLES

4.6.2.1 Nozzle pipes shall be attached to the heat exchanger components by FPW, Attachment welds using only
irmer and outer fillet welds are not permitted. Unless otherwisc indicated on the datashests or drawings,
necks of all nozzles shall be flush with ihe inside of the heatr exchanger component. Inside corners of
nozzle pipes at shell and channel inside diameter shall be radiused. All nozzles 2" NB and below, except
long weld neck, shall have two stiffeners (40 mm x 6 mm) at right angles.

4622 Whenever nozzle inside is required to be overlaid, these shall be done by weld overlay or cladding.
Minimum nozzle ID before weld depusiting to be 50 mm in such cases. Liners are not acceptable.

4.6.3 REINFORCING PADS AND TESTING

Reinforcing pads whenever required as per drawings or Code shall be of the same material or equivalent
as the heat exchanger component to which it is welded. All reinforcing pads shall be provided with two
1/8" (3 mm) NPT tapped holes located 180 apart for air soap solution test with a pressurc of 1.25 kg/cm?
(g). This test shall also be requircd to be carried out for slip on flanges. Higher test pressures are not
recommended because of accompanying risks and also because the soap bubbles have a chance to blow
off. Tell-tale holes in the reinforeing pads shall be plugged with hard grease afier the hydro test of the
exchanger. No grub screws to be provided.

4.7 Baolts, Studas etc, and Tapped Holes

47.1 Metric threads shall be used [or all non-standard flanges. However, ASME flanges may have threads as
per American standards, All inch bolting and threading shall conform to ASME B 1.1 except for size 1"
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and above where it shall be 8 threads per inch. Metric bolting and threading shall conform 180Q-R261
shall be followed except for size M24 and above, where it shall have 3 mm pitch.

4.72  Studs shall extend beyond the nut by about 10 mm and shall be threaded full length except when square
ends are required for vse with BTD, in which case the extension shall be as per BTD manufacturer's
recotmmendation. The studs for extended tube shects and the studs for use with connecting piece shall
also have square ends.

4.7.3 All nuts shail be of heavy series only and nut seating faces shail be machined or spot faced.

4.7.4 Threads on external holting, plugs etc. shall be lubricated with praphite grease for working
temperature up to 200°C and with Molybdenum Disulphide for higher temperatures.

4.7.5 T'apped holes on the channel side face of clad tube sheet for removable bundles shall be fitted with plugs
of a material similar to channel side material in contact with tbe side fluid.

4.7.6 For exlended tube sheets, tapped holes shall be provided for girth bolting.

4.7.9 All floating head bolting to have 2 mm wide and 0.5 mm deep groove at both ends to prevent mix up
with other belts.

478 In addilion to stamping, the specifications and manufacturers symbaol as specified in ASME material
specifications, on one of the ends the size of the studs shall be clearly punch marked, Similarly, the nuts
shall have the size punch marked on one of the faces. In case of tapped hole, the size shall be punch
marked near the hole without disturhing the gasket seating area. Further for all alioy/S5 metallurgy bolts
& muts shall also be identified by distinct colour marking at the stud end/bolt side face

4.8 Assembly and Handling

438.1 Supplier shall be responsible for taking adequate preventive measures to ensure the quality and finish of
materials and to avoid any rusting.

482 Suitable method of alignment like dowels etc. shall be provided for proper assembly of channel, channel
covers, stationary tube sheet ete.

483 Stacked exchangers shall be assembled in the shop for a trial fit. Special care shall be exercised in truing
up connecting nozzle flanges.

484 ‘T wherever indicated on drawings, denotcs match mark for assembly and shall be punched on all mating
parts.

4.8.5  Lifting lngs shall be provided as per standard for lifting of channels, channel covers, floating heads, shell
covers, test rings, test flanges etc.

48.6  Incase of removabie bundles the following are required: -

{a} Stationary tube sheets shall be drilled and tapped at vertical (0°) position for attaching eyebolts;
or a lifting lug of adequate thickness shall be welded with 25 mm {minimutn) diameter hole.

{b) Drilling and tapping as above shall be carried out on floating tube sheet,

{c)y Last support plate shall be drilled (25 mm digmeter hole) for lifting the assembied bundle.
Local stiffening may be necessary to withstand the bundle load., which shall be designed by the
Supplier.

4.8.7  Pulling eyeholts made from forged CS shall be provided for all removable bundles. These shall be sent
loose along with the spares. [nsert piece shall be provided for all elad tube sheets. Materisl of inscri piece

ghall be same as that of cladding material.

483 Stationary tube sheet shall be drilled and tapped for tie rods. Care should be taken to ensure that holes are
not drilled through.

4.8.9  Interchangeabie and 180° rotatable bundles shall have common pass-partition groove arrangement in the
respective tube sheet. For exchangers where bundles are specified to be interchangeable, the same shall
be ensured at the Supplier's shop by actually inserting the bundles or using a template consisting of 4 full
diameter baffles, each spaced at a distancc cqual to the baffle pitch.

4.8.10  Jackscrews shall be provided on all girth flanges.
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4.9 Descaling, pickling and passivation shall be done for all 55 parts in accordance with ASTM A-380. The

Supplier shall furnish details of the procedure for approval to DIA.

4.10 No distortion whatsogver shall be permitted on the gasket seating surfaces due to tube-to-tube sheet
welding, shell to tube sheet welding, PWHT ctc. If distorted, the same shail be machined subsequently.

4.11 Fabrication Tolerances and Finish

4.11.1  The dimensicnal tolerances shall be within the limits indicated on EIL drawings and standards. Where
tolerances’are not specified, these shall be in accordance with the requirements of TEMA and Code.

4112 All edges and commers including baftle holes shall be deburred {or rounded, it shown).

4.11.53  Finish of all machined components shall be minimum 12 microns (500 RM$) unless otherwise indicated.
Parts subjected to UT shall have minimum finish of & microns,

4.11.4  Tube sheet face shall be flat within =/~ 1.5 mm {camber).
50 NON-DESTRUCTIVE TESTS

5.1 All the NDT procedures shall be submitted to DIA for approval. For all NDT aectivities, only qualified
NDT technicians shall be depluyed with the approval of THA,
5.2 The extent of radiography shall be as specified in datasheets or drawings or job specification.

Radiography shall be performed after PWHT, Tn case radiography is carried cut before PWHT, then UT
shall be carried out on the welds after FWHT.

e Minimum extent of radiography shall be spot, unless full radiography is specified in the drawings or
required as per specification or Code.
Each category A or B pressure vontaining weld shall be spot radiographed i accordance with ASME
Section-VIII Division-I, paragraph U'W-52 as a minitmum requivement. Tach Spot radiogreph shall be a
minimum of six inches (150mm) in length and minimum one spot shall be selected in each
circumferential & longitudinal seam. Additionally, at least ene T-joint in each circumferential seam shall
also be selected. Welds from each welding procedure, welded/welding operator shall be exantined. DIA
shall be consulted in marking the areas to be radiographed,

5.4 Full radiography when specified shall imply 100% radiography of ali butt welds including nozzle flange
to nozzle neck, pipe to pipe and pipe to fitting,

55 All welds of nozzle nccks fabricated from plate, imespective of dismeler, thickness of plate and
radiography specified, shall be 100% radiographed.

5.6 Weld seams ol formed heads shall be 100% radiographed after forming and heat treatment.

57 All nozzle to shell welds and unhubbed tube sheet to shell welds shall be DP or MP checked at the root
run and final weld.

58 All welds, which cannot be fully radiographed such as nozzle to shell, shell to unhubbed tube sheet,
unhubbed floating head to cover etc., shall be 100% UT after final PWHT. Fillet welds and welds which
cannot be radiographed or LT (i, pass partition plate to channe! and floating head etc.), the root run
shall be DP checked and the welds shall be finally MP checked after PWHT.

£9 All attachment welds shall be either DP or MP tested.

5.10 If vendor intends to carry ont radiography by Compuled Radiography technique, then demo should be
carried out under Al to prove vendor's capability’ o produce accoptable images meeting the Code
requirements.

511 If radiography is being substituted by UT for the final closing scam as permitted by Code, MP shall be
carried out in addition to UT,

512 In case Supplier want to perform UT in lisu of RT based on Code paragraph UW 51 (a) (4), the same is
acceptable subject to the following:

a} Material of construction is either CS or LAS.

b) The thickness of weld i greater than 13 mm.
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¢) The joint is either Category A or Category B joint except shell to hemispherical dished end joint.
(Category of joint as defined by Code).

d) Antomated UT incorporating TOFD and pulse echo probes or TOFD and Phased Array mounted on
the same chassis that avtomatically traverses along the joints to be inspected and displaying both
results simultancously on a single screen may be considered in lien of RT.

e) Calibration block of similar material/thickness shall be used. Calibration block shall have suitable
notches to simulate longitudinal as well as transverse cracks on outside and inside surface. Setup
should be capable of detecting defects on ouiside as well as inside while scanming from one surface
only.

f) The system that is proposed to be deployed in lieu of radiography shall be submitted along with the
track record prior to use for EIL review. The Supplier shall demonstrate successfully the capability of
AUT machine and the defects evaluation in the same screen during the site visit ol EIL representative.
Based on which, the approval of the partics and their AUT system shall be given.

g} Qualified NDT persons shall be deploved to perform UT.
h) Acceplance criteria shell be as per Code paragraph UW 51,

6.0 HEAT TREATMENT

6.1 PWHT shall be done if required by datasheels, drawings, specifications, Code etc. PWHT when
mentioned on the drawings shall be over and above the requirements of specifications or Code. No
welding or heating is permitied after PWHT. All machining operations shall preferably be carried out
after PWHT (also refer clause 4.6.1). It shall be the responsibility of the Supplier to leave sufficient
allowance for this purpose. Supplier shall submit all the proceduores for PWHT to DIA for review.

6.2 During PWHT of assemblies of fixed tube sheet exchangers, care shall be taken to ensure that dilferential
giresses are not caused between tubes, shell and tube shest. The temperature differential between shell
and tubes during PWHT to be minimised (not to exceed 25°C) and the rate of heating and cooling shall
not exceed 23-30°C per hour. For this purpose, thermocouples shall be installed on various components
and compliance assured.

6.3 Heat treatment of S§ clad assemblies shall be at reduced temperature to avoid sensitisation of §8
materials. The soaking time shall be increased accordingly as per Code.

b.4 Heat treatment of non-ferrous clad assembiies, if required, shall be performed with extra care, at reduced
temperatures to avoid differential themmal expansion. The seaking time in such a case shall be increased
accordingly as per Code.

6.5 Heat treatment of CS and LAS dished heads shall be as follows:
a)  Stress Relieving for:
(i) Cold formed dish heads up to 16 mm thick.
{ii) Cold formed floating head cover up to 16 mm thick if fiber stretch exceeds 5%.
b}  MWormalizing for C8 and normalising and tempenng for LAS:
{1} Hot formed dish head and floating head dish if not formed in normalising range.
(ii} Cold formed dish heads for thickness greater than 16 mm,
(iii} Cold formed floating head dish above 16 mm thick.

This heat treatment need not be given if same heat treaiment 15 given subsequently on sub-agsembly.
Thicknesses specified above are nominal.

In case of LAS plates, it shall be fabricator’s responsibility to ensure that mechanical properties of
material are not impaired during any cold / hot forming process and subsequent stress relieving heat
treatment. Tests to demonstrate suitability of process shall be carried out by fabricator.
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6.6 35 components shall be solulivn unnealed in the following eases.

i} Cold formed dished heads with nominal thickness of 16 mm or above.
i) Hardness value of dished heads afier cold forming exceeds 233 BHiv.
i} Haot forimed shells, cones, dished heads,

After any heat treatment on austenitic 88, 1GC rest shall be carried out as per clause 2.2.3 (c)

0.7 AU LAS welds shall be PWHT. .

6.8 Tt stress relieving is indicated on shell side ar tube side and the service on either side is lethal or low
temperature or 1l specifically indicated m the dutasheet or drawings, the welded (ube-to-tube sheet jointy
of CS or LTCS material shall be stress relieved.

0.9 For LAS materials, preheating procedure shall be established in the welding procedure and ol approved
by DIA. Prchealing by resistance or induction-heating method is preferred. Preheating shall exiend
unilormly Lo at least three times the (hickness of joint but not less thun 50 mm on both sides of the weld.
Temperature indicating crayons shafl be used for assessment of correct pre heat emperature.

T.0 INSPECTTON AND TESTING

7.1 Inspection

00 The mspection shall be carried out by DIA. The matcrials, fabrication and testing of exchangers shall be
apen to inspeclion by DIA in addiifon 1o any inspection required by the specified Code or local
authorities having jurisdiction over the installation.

T2 Inspection shall be carricd oul both during fabrication and belore delivery and alsa Tor sub ordered
matertals. [n addition to final inspeciion and cerlification by DIA during the course of manufaciure,
DIA's written approval shall be obtained by the Supplicr al various stages of fabrication. For this purpose.
supplicr shall prepare his QAP, defining the stages of fabrication, hold points [or his own inspection and
that by the DIA or Code or Statutory Authoritics cle, The QAL shall be discussed with DIA before start
of job and mutually agreed. The various slages of fabrication to be inspeeted (either by Supplier or DIA
ar both) shall include but not limited to the following:

{a) raw mateeial idemtilication and verification of mill test cerlificate.

) edge preparation for welding, including visual check for laminations.

{c} aligniment of lonsitudinal and circumferential seams.

(d) rollitig tolerances on individual seetion.

fe) alignment and fit up of sections and components.

('t} oot pass clearance before further welding and cleaning.

{1} profile and thinning of dished ends and toriconical pieces afler forming.

{h} checking of tube sheet alter drilling including checking of tbe luyout patterns, tabe holes, pass
partilion locations, visual check for laminations,

fi} tuhe shiet 10 shell set up for fixed tube sheet exchangers, prior to welding.

{3 tube to tube shect joint cxpansion or welding.

(k) visual check of shell inside and lube bundle insertion.

n welding of expansion hellows or joints, i required.

fm) review of NDT reports and heat treatment charts.

(o) finat visval and diensional inspection.

{p) witngssing of hvdro tost,

7.1.3 The presence of DIA shall not modify or reduce the obligation of the Supplier to carey out hiz own tests
and control. If any material andior equipment are not found in compliance with the specilied
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requirements, DIA or his delegate shall be entitled to irrevocably reject them, even if such non-
compliance has not been evidenced in the conrse of inspection andfor tests.

714 DIA will, al the time of his initial visit, set op with the Supplier actual details of inspection stages 1o be
wilntessed or carricd oul; the schedule of future visits and subscquent inspection notices can be arranged
ketween DIA and the Supplicr.

715 'Ihe Supplicr shall notify DIA sulficiently in advance of any fabrication operations 1o permit arrival al the
Supplier's shop in lime to witness thesg,

T.1.46 The Supplier shall provide to DIA, free access 1o his shops at all times, He shall also supply all tools and
tackles to DA for carrying out the inspection. The Supplier shall also arrange for similar facilitics at his
sub-contractor's shops,

TT The Supplier most satisfy DIA that the welding procedures, welders, clecirades, fluxes, welding wires
ete. are in accordance with the reguirements of the Code and specifications. Further the welder's
qualification test must be carried out in the presence of DIA.

7.1.8 Prior 10 (inal mspection, all slag, weld spatter loose scale, dirt, orit, paint, grease, oil and other foreign
matter shall be removed in order to lacilitate inspection. All reinfurcing pads and slip on tvpe flange
welds shall be pressure iesled with air and soap solution before and afier heat treatment (il wny) and
before tinal hvdrostatic test.

1.9 A dimensional check of equipment shall be carvied out taking it account the tolerances shown on
drawings, standards, specifications or Code, the more siringent vatues shall govern. Dimensional checks
are to be taken of the internal measurements of equipment together with external ones and these are to he
recorded on the drawings 4s being the "As Ruill” dimensions.

7.2 ITydrostatic Tests

T.2.1 Hydrostatic lesls shall be witnessed by DIA. When hydrastatic tests are performed the indicating Fauge
shall be connected (o e upper most part of (e equipment. Testing water shall be clean potable water,
Seawatcr shall not be used. For 88 equipment, water used for these tests shall not contain mare than 25
ppm chlorides. Minimum metal temperature duning hvdrostatic tests shall be as per Code. Test pressures
shall be maintained for at least one hour. Shell and tube sides shall be tested separately, nnless otherwise
meitioned on the drawing. For tube sheets designed for differential pressure, specia? care shall be taken
during testing, Equipment drawings shall clearly indicate if tube shects have been designed for
differential pressure. Drying out as per clause 9.1 shall be carried out immediately afier hvdro test.

722 All vertical exchangers shail be tested in verlical position. Alternatively, exchanger may be tested in
horizontal position with test pressure modified with prior approval of Designer,

723 Stacked exchangers with nezzles interconnected shall be hydro tested in stacked condition except when
the hydro test pressure of the individual exchanger is different.

724 Actial torque values applied Tor tightening of bolts during hydro test to be recordedfindicated in hydro
test reports

B0 STAMPING, NAME PLATES AND WARNING PLATES

8.1 Each exchanger shell shall be fitted with an 58 nameplate.
82 Warning plates, if required, shall be provided.
83 LThe following cxchanger parts shafl have the item number stamped except for heat exchangers in low

remperature service in which case the item number shall be marked with non-removabic ink:

Sheil girth flanges, shell cover flange, channel girth tlanges, (lat channel cover, stationary and Moating
tube sheets, floating head cover flange, floating head backing ring, connecting picecs, test rings. tesi
flanges and other main removable parts.

.0 FROTECTION AND DESIPATCH

2.1 After completion of all testing and inspection, (he inside of complete cquipment shall he thoroughly
drained and dried aut. Equipment shall be completely dried by passing hot air for sulficient time watil no
further increase in relattve humidity of outaoing air is observed. Dy out shall be done simultaneously on
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both shell and tobe sides, Altematively, vacuym drying is also acceplable. Aller drying. the equipment
shail be purged and filled with dry Nz ai 0.25 kpfem?. ‘The cquipment shall be provided with pressure
gauge (o monitor Ny pressure, and 4" non-relurn valve. All threaded holes, other than ell taile holes for
testing, shall be suitably proteeied with steel bar plugs. Alf noezles not provided with blind Nange shall
be provided with steel covers, temporary gaskels and bolts.

9.2 Shop Painting

Surface preparation, Primer application and finish paint shall be required as per applicable specification
enciosed elsewhere in the requisition. In ahsence of any reyuirements in the requisition following shall he
complicd:

All CS and LAS external surfaces, excepl wasket faces and machined surfaces, shail be primer painted.
Surfaces to be painted shall be prepared for painting by removing ivese mill scale, rust, oil, erease angd
other films ur substances harmiul to the adhesion of paint by an approved method such as shot blast
cleaning. The surface shali be prepared o near while fnish as per S5PC-5P-10 [SA 2 Y Swedish
standard (8!5-03-5900). The primer shall he morganic zing silicate (65-75 microns dry [ilm thickness)
for design temperaturcs up to 400°C and Heal Kesistant Siliconc Aluminium [aint (20 microns dry film
thickness) for design tempceratures between 400 "C and 540 “C, unless stated otherwise,

9.3 The equipinent item number, PO numbcr and Cwner name and address shail be painted in bold while
paint letters written wilh stencil, on the heat exchanger,

Sliding end of cxchangers shall be painted as “CAUTION-SLIDING END™ in black on the primer
coating in the shop.

9.4 Dispateh of Eqnipment

No heat exchanger shall be released for shipment until it has been approved by DiA. Heat exchangers
shall be despatehed after the operations as requitcd by clauses 9.1, 9.2 and 9.3 have been carried oul and
shall be despatched in as-tested condition. Tn case stacked exchanger shells are despaiched separately the
Supplier shall provide addilional sct of gaskets [or interconnected nozeles other {han the gaskets included
in spares, Heut exchangers shall be securcly anchorcd for despaich in order to prevent any shifting and
damage during transportation. Expansion joinls and bellows shail be suitably protecled against any
possible damage by providing tie bars belore boxing up. Packaging shall be snitable for rail or road
transport and also sea worlhy if transported by sea. Sparcs shall be despatched separately in a box and
marked with PO number, item number and Owner's nume and address.

Supplier shall provide sling mark idemtification on all heat exchangers with respect to center of gravity of
the equipment.

No equipment shall be despatched until & written clearance is obtained from Owner or LI regarding
Piping Clips and Structural Cleats on individual quipment,

10,0 SUPPLIER'S GUARANTEES

The Supplier shall be compiciely responsible for the compliance to Code requircments, residual design,
detailing, fabrication, materials and workmanship of the exchangers as per the slipulations of the
requisilion and its attachments. In this regard, it may be noled that roview by Owner or EIL shall noi
relieve the Supplier of his responsibility of mecting ali requirements and ensuring satislactory
performance of the equipment. Guarantee period shall be as per GPC of Owner,
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1.4  SCOPME
1.1 This specification covers minimum requirements for the welding and testing of tube to

1.4

R

kH |

3.2

4.0

4.1

4.2

tubesheet joints ol sbell and twbe beal exchangers and air coolers. It is 1be Fabricator's
responsibility to furnish sound, leak free joints. For the purpose of this specification, the terms
“oints” shall be construed 1o mean “lube-lo-lube sheet joints™.

APPLICABLI CODES AND STANDARDS
The latest edition of the following codes and standards shall be complied with:

ay ASMI Section VI Division [
b} ASME Section V

¢} ASME Section IX

dy TEMA for tubular exchangers
e APT 661 lor air coolers

fi AWS

WELDING PROCESS AND JOINT DETAI1L

Manual or automatic Tungsten Inerl Gas shivlded Are (TIG) welding shall be used. All joints
shall be made by using minimum two weld passes. The first pass should be preferably made
without filler wire to ensure root Msion. The second or final pass shall be with filler wire. Any
other welding process can be used onty after ohtaining written approval Irom the Aulhorised
Inspector.

Jaint detail shall be as indicated on the Purchaser drawings by giving relerence 1o figure
numbers in Appendix-1 of this specification. In absence of any Purchaser drawings or
indication regarding type of joint, Figure 2 or Tigure 3 sbail be vsed depending upon whether
tube thickness is > 2 mim or < 2 min respectively.

WELDING FROCEDURE QUALIFICATION

Welding Procgdure Specification shall be compiled by the Fabricator and submitled to the
Authorised Inspector for approval before the gqualitication tests are performed. Mock up test
shall commence oniy after upproval 15 oblained lrom the Authorised lnspector.

Welding procedure gualification test is required to be carried out ifi-
a) Authorised Inspector requires the test ta be carried out.

b} There exists no previous qualification tests within last three wears Lor the proposed
combination of (ube and tubesheet P number and group number (as per ASME Section
1X}, tube outside diameter (OD), b thickness, tubesheel (hickness, ube pilch, tube
piteh pattern, welding procedure and joint detail. All other factors remaining same, the
mrocedure tost need nol be repeated il the job lubesheet thickness exceads 40 mm and
gualification exists for 40 mm or higher tubesheet thickness,

For plug type air coolers additional procedure qualification test is required 1o be
perlormed for any of the following vonditions:

iy The job has lower clearances between tube and any ol the header plates like
lep/buttomdend/stilTener/pass partition plate compared to carlier tests,

i The job has lower plug size for the same tube size compared to carlier tesis.

Fomnat Mo 8-00-0001-F1 Rewy 0 Copyright EIL — All nights reserved
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i} The jub has higher plugsheet thickness compared to earlier tests.
ol Code or requisition or bid document requires the test to be carried out.

4.3 I required as per 4.2 above, the Fabricator shall perform a procedure qualification test, at least
two weeks hefore the scheduled beginning of production. Procedure shall be qualified for the
same hand position as is being proposed for production. Procedyre test shall consist of the
welding of nine tubes for square pitch and cight tubes, (three. twe and three lubes per row
arrangement) il on a triangular pilch, This shall ke done for cach set of combination of tube and
tubesheel P nomber and grooup number, welding procedure, joint detail, tube O, tube
thickness, twhe pitch, tube pitch pattern, tubesheet thickness, Additienally [or air cooler. twsis
shall be done [or cach tube size with lowesl plug size, lowest clearance between tube and any of
the header plates. and the lowest plugsheet thickness to be used on the job. Thickness of the
tubeshest used for procedure (esiing shall be same as used [or Job, except thal for carbon steel
and auslenilic stainless steel materials, it need not exceed 40 mm, unless otherwise indicated.
Retfer Appendix-2 of this specification for test specimen details.

4.4 The [llewing dala report {3ix copics) shall be furnished for review to Authorised [nspeclor
with the weld samples as outlined below.

a) Complete details of welding procedure employed indicating various machine settings,
welding rods, inert gas composilion & puritics, flow rate, weld sequence etc.

b Mechanical properties and chemical compaosition of tibcshect, tubes and filler metal.

c) The hardness of the weld, the twbe, the tubesheel heal allected sone and the iubesheet
base metal afler each pass.

d} The complete test sample shall be cut (by sawing) as per Appendix 2 of this
specification. These shall then be subjecied to various tests ete. as outlined below:

i) Sectien 1 shall be polished, etched and microphotopraphed for examination of
depth of weld, penetration and definition of boundaries. "The minimum leak path of
each weld shall be not less than the nominal thickness of the (ube. The weld leg
shall alss be measured and shall be minimum 1.4 times the nominal thickness of
the tube.

i) Section 2 (two specimens) shall be subjected to tear test. These specimens shall be
tongue bent to show the extent of weld penctration. The underside of the weld shall
show evidenee of adequate & unitorm weld penctration.

iti} A section 10 mm thick containing the wbe end welds shall be sawed from section 3
and radiographed for weld quality. The radiograph shall be submitted to Authorised
Inspector. No cracks or crack like or visual delects are aceeplable, Acecplance shall
be as per Appendix 4 of ASME Scetion VIIT Division 1. In case the radiograph is
not acceptable, welding procedures shall be suitably modificd so that proper weld
and acceptable radiographs are obtained. These shall be proved by retests,

iv) Section 4 shall be ctehed and polished and given 1o Authorised Inspecior

el A tension strength test shall be carried out as per ASME Scetion YIIT Division 1
Appendixn A. This strengih test shall be performed at room temperalure for cach
entnhination set of tube and tubeshest I' number and group number, tube OB, tube
thickness and joint detail. The breaking loads shall be at least equal to the load required
for breaking the tube using the minimum specified ultimate tensile strength of tube as
indicated in certificates issued by the tube supplicr. When wbe material is 10 a
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specification which does not call for mechanical tests to be performwd, ultimate tensile
strenglh of the tube material shall be considered as four times the allowable stress at
room temperature as indicated by the ASME Section 11 Part I3, or other relevant code.
Failure of the test pleec at the weld shall oot be a cause for rejection in case the
trinitnum steength is attained, but the fracture should be examined for any evidence of
laulty workmanship.

4.5 Fabricator is advised to satisfy himself that the procedures employed are the best for the job and
would cnable him 1o give workmanship guarantee for the equipment. Authorised Inspector’s
approval shall in no way relieve the Tabricator of his respansibility and guarantee o supply the
equipment as per the conditions of the purchase order,

50 WELDERS QUALIFICATION

The purpose of this operator qualification test is (o demonstraic that both the welding operator
and the welding machincs are capable of producing satisfactory joints. Onee welding
procedures have been qualified as above, welding operators emploved on welding shall be
required to prove their ability by making test samples similar 1o that preseribed above tor
welding procedure qualification, Welding operators may be qualified based on para 4.4 d {i),
4.4 d {5}, and 4.4 d (iii) above only, provided same welding machines & welding procedures
are used. This welding operator qualilication test should also e carred out 1f the welding
apetatar has oot executed similar welding six months prior to production. Repeal (ests may be
called for in the course of manulacture 10 determine the consisteney of operalor or machine
produce sound welds,

0. PRETARATTON OF TUBES AND TUBESHEET

6.1 Tubeholes shall be to spectal close fil Wwlerance as per TEMA [or shell and (ube cachangers and
as per APT 661 for air coolers. Tube holes shall be free from any burns and the bundle side edge
of tube heles shall be chamferad or radiused. Tube holes shall have smoosth finish 1o 63 AARH.

6.2 Prior to asscmbly, the tubesheet and tube ends (inside and outside for a distance equal to the
tubesheet thickness + 30 mun) shall be cleaned and degreased 10 free from dinl, grease ete, It s
gssential that the solvent used for degreasing be chloride free and sultide free and non residue
forming. The solvent should not lead to any possible fire hazard.

0.3 The tubes shall be positioned in the ubesheets by 30 tapered drift pin.

6.4 Before welding tube to tebesheet, the tubesheets shall be heated to a temperature as required to
remove any last traces of moeisture or solvent which may remain after the cleaning opcration.
Any specific requircment for application of preheat shall be established as a part of the welding
procedure qualification test and should account for increased restraint offered by the larger
assembly during production.

7.0 WELDING

Tulbws shall be individeally welded, vaing the procedure approved by the Authorised Inspector.
Systematic welding procedure shall be adopled so as o result in minimum tebesheet distortion,
All tubes arc to have initial pass completely cleancd as necessary, visually examined and tested
as per para 8.1 below, if required, before subsequent layers are applied. Welds shall be suitably
(inished and any spillage or spatier on tubesheet removed. Spillage of weld metal into the bores
of tubc i3 not permitted.
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R0

8.1

.

83

54

"5

8.6

8.7

9.0

10.0

11.0

EXAMINATION OF JOINTS

Tnints shall be subjected to air-soap solution test after first weld pass with air ar 1.25 kgfem® {g).
PProcedures cutlined 1n ASME Seclion W, Article 10 shall be followed.

After completion of welding, the tubesheet Face, Lhe welds aml inlernal ube surfaces to a
distance of 25 mm bevond the fusion line must be eleancd thorgughly by wire hrushing and
examined carefully for surface defects. Defects auch as cracks, surface breaking porosity, slag
inclusions and lack of Musion are not acceptable.

After the vizual inspection, a liquid penetranl examnination in accordance wilh ASME Seclion
VI Divigion [, Appendix-8 & Section ¥V, Article 6 shall be done. Before conducting this test,
the faces of the carbon steel tubesheets shall be cleanad thoroughly by wire brush amd solvents
o rernove all weld slag, rust and scale,

When specified on the drawings or requisition, a halide test shall be performed after the tests as
per para 8.1, 8.2, and §.3 above have been successfully completed. 'rocedures for halide test
shall be as per ASME Section V, Article 10, Appendix - [II Halogen diode detector probe tesl.

After the final tube expanding (refer para 9.0) has been completed, the liquid penetrant
examination as oullined in para 8.3 above shall be repeated.

Whenever a halide tesl has been specilied, an envelope test shall also be done as a turther Lest
for leaks aller final tube expanding. For this test, tubesheets shall be seeurcly wrapped in plastic
sheets and the shell allowed to remain under test pressure with halngen tracer, for a period of 10
te 12 hours. Then with the detection sel at 4 maximum sensitivily, the probe shall be inserted
Lhrough the plastic cover al the botiom of the tubeshects and readings taken to obscrve if any
leakage has occurred.

Final acceptance hydraulic pressure test shall be conducted after tube expansion at hydrotest
pressure for al least one hour

TURE EXFANDING

After the tests ouflined in .0, 8.2 81 and 24 have heen successfully completed and all
leaking welds repaired, the wbes shall be “comtact cxpanded” with a PARALLEL ovpe
expander, Contact cxpanding is intended to bring the tube O into contact with the tubg hole,
Contact expamling shall begin 12 mm from the tubesheet face and extend 1o 3 mm from the
back face, The contact cxpansion shall have thinning of 3-3% which shall be ensurcd by
measuring the inside diameter of tubes.

REPAIRS

Il leaks are found during any of the above testing provedures these shall be reporied o the
Authorised Inspector and atter obtaining his approval, repairs shall be made By removing the
defects down to sound parent metal and repeating the qualified weld procedures. All weld
repairs shall be retested in accordance with procedures oullined in para 8.0 above.

TEST AND REPALR REPORTS

Tesl and repair reports shall be included in the Dala Folder, These reports shall also indicate the
number of leaks discovered on cach tes1 and the cxtenl of the repair done.
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APPENDIX 2 - GETAILS OF TEST SPECIMENS

NOTE:-

THE MOCKUP ASSEMBLY SHOULD HAYE THE
CIMENSIONSITHICKNESS MARKED '+ AS PER JOB

BUNDLE SIDE

FIG-13 FOR PLUG TYPE AIRCOOLERS

(3

FiG-14

LEGEND

1. FOR MICROPHOTOGRAPHIC EXAMINATION
2. FOR TEAR TEST
3. FOR RADIOGRAPHIC EXAMINATION
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1.0

2.0

3.0

4.0
4.1

42

4.2.1

SCOPE

This specification covers the minimum requirements of expanded tube-to-tubesheet joints for
shell & tube heat exchangers and air coolers. [t is the fabricator’s responsibility to furnish
sound, leak free joints. For the purpose of this specification, the term “joints™ shall be
construed to mean “tube-to-tube sheet joints”.

APPLICABLE CODES

The latest edition of the following Codes and Standards shall be complied with:

aj
b)
c)

ASME Sec. VIII Div. | (Code)
TEMA for tubular exchangers
API 661 for air coolers.

JOINT CONFIGURATION

Joint with two grooves as per 7-15-0006 shall be used unless specitied otherwise.

PROCEDURE TESTING

Procedure testing is required to be carried out in any of the following cases:

a)
b)

d)

Authorized Inspector of Purchaser or EIL requires it to be carried out.

There are no previously established procedures for Fr values (Factor of Reliability) in the
last five years with the same combination of tube and tubesheet material, outside diameter
(OD) and thickness of tubes, tube hole groove detail and length of expansion (excluding
contact expansion).

Code or specification or the equipment drawing requires it to be carried out.

The length of expansion in the job is less than existing qualification length of expansion of
same materials, tube size, tube hole groove detail. However, if qualification exists for
length of expansion of 51 mm or more for the same combination of materials, size of
tubes, tube hole grooving details, and the length of expansion for the job is 51 mm or
more, the procedure testing need not be repeated. The length of expansion to be
considered excludes any contact expansion.

If previously established procedure of the fabricator is to be used, Authorized Inspector
has the option of asking for a demonstration of the procedure to satisfy himself of its
accuracy or to confirm the suitability of the expanding equipment or control unit. With
time. the equipment used for expansion may change its characteristics and Authorized
Inspector may like to check this by actual procedure tests.

Procedure test shall demonstrate % thinning vs machine setting and shear load test as per the
requirements given helow,

A sample tubesheet of same material and thickness as required for the job shall be drilled
and/or reamed to achieve the required surface finish as per clause 6.0 and grooved as per 7-15-
(006. Tube hole dimensions shall be as specified in clause 6.0 and as far as possible tube holes
shall be prepared to cover the complete range of tolerance allowed. Tubesheet thickness used
for procedural testing shall be as per item drawing or specification except that it need not
exceed 55 mm. Diameter of tube holes drilled in the sample tubesheet shall be measured
accurately, Hardness of tubesheet shall be measured and reported.

Format Mo, B-00-0001-F1 Rev. O Copyright EIL — All nghts reserved

Paage 2295 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A



SRS @™ ENGNEERS ~ STANDARD SPECIFICATION FOR - STANDARD SPECIFICATION No.

[T . INDIA LIMITED EXPANDED TUBE TO 6-15-0004 Rev. 6
59?5.';..- e A i o e L TUBESHEET JOINTS Page 5ol 7

4.2.2

423

4.24

4.2.5

4.2.6

4.2.7

5.1

5.2

Al least eight tubes from the same heat shall be selected with extreme tolerances as far as
obtainable from the given lot of tubes to the satisfaction of the Authorized Inspector. The OD,
inside diameter (110) & hardness of these selected tubes shall be measured and reported.

One of these tubes shall be selected and positioned in the tube hole and assembly held in the
same position as shall be adopted for production. Tube expander to be used for production
shall be set at an estimated low value and tube shall be expanded inside the tube hole.
Expander setting shall be increased until the thinning is in the range of 8-10% for all materials,
except for non-ferrous and stainless steel, in which case it shall be 6-8%. In no case shall the
% thinning exceeds the values given in clause 8.1. The thinning figures are to finally such that
these can result in achieving the required Fr value, It shall be the fabricator’s responsibility to
ensure the same.

Percentage thinning is defined as follows:

% thinning =  [1-(Dy-1D)(OD-1D; )] * 100
Where

Dy = Tube hole diameter in tubesheet

D¢ = 1D of tube after complete expansion
OD= 0D of tube before expansion

ID; = ID of tube before expansion.

Expander setting thus found shall be tested on the remaining tubes and thinning shall be
checked to be within the range specified above. Results of these tests (reporting eombination
number and % thinning achieved and various diameters used for calculation of thinning) shall
be reported to the Authorized Inspector.

Samples prepared above, shall be cut in two halves along the axis of the tubes to show the
flow of metal into the grooves. These cut-sections shall be presented to the Authorized
Inspector who shall check the samples for flow of metal into the grooves and also check the
expansion length. Authorized Inspector’s approval shall be obtained on the same.

Fabricator is advised 1o satisfy himself that settings reporied and to be used in the preduction
shall be the best for the job, will enable him to achieve the required Fr value and give
workmanship guarantee for the equipment. Authorized Inspector’s approval shall in no way
relieve the fabricator of his responsibility and guarantee to supply the equipment as per the
conditions of the purchase order.

Shear load tests shall be carried out as per clause 4.21 of ASME Sec VIII Div-2. Fr value of
the joint shall be established and shall be demonstrated to be greater than or equal 1o Fr (test)
required as per clause 4.21 of ASME Sec VIII Div-2. For nonferrous and stainless steel
combination of tubes & tubesheet a minimum Fr value of 0.7 shall be achieved. Actual value
shall be reported in the test reports.

CARE OF TUBES

Ends of the tubes (tubesheet thickness + 100 mm) shall be subjected to careful visual
inspection. These shall be cleaned to remove scales, rust, grease and dirt and should
subsequently be cleaned by using a suitable sulfide free and chloride free solvent to get rid of
oil and grease. The solvent should be non-residue forming and should not lead to any possible
fire hazard. The area should be defect free and should have no scoring marks, rough surface
etc. No repair is permitted on defective tubes unless approved by Authorized Inspector. In case
a repair is done using an approved procedure, the tube dimensions after repair shall be within
limits laid down by the tube material specification, otherwise the tube shall be discarded.

At least 10% tubes (subject to a minimum of 20 tubes per shell) shall be tested for hardness at
the tube manufacturer’s shop (This shall be taken care during sub-ordering). The hardness
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6.0

7.0

7.1

7.2

7.3

7.4

7.5

7.6

8.0

1.1

measured should not be greater than the maximum hardness reported in the mockup. Tubes
with greater hardness shall be rejected, Further hardness testing shall be done, if required by
Authorized Inspector,

TUBE HOLES IN TUBESHEETS

Tube holes in tubesheets shall be drilled as per TEMA special close fit for shell and tube
exchangers and as per APl 661 special close fit for air coolers. For example, metric tube of
size 20 mm OD, the nominal size of tube holes shall be 2020 mm with tolerances as + 0.05
mm, for 25 mm OD tubes, nominal size of holes shall be 25.25 mm with tolerances as + (.05
mm and so on.

Tube holes in tubesheets shall be drilled or drilled and reamed to final size and surface finish.
Grooves shall be machined in the tube holes as per 7-15-0006. Tube holes shall have no burrs
or scoring marks and shall be circular with parallel sides and normal to the tubesheet surface.
Longitudinal and spiral scratches are not permitted. Edges of the tube holes shall be deburred
and chamfered as per the figure in 7-15-0006. Tube holes shall have surface finish to 63
AARH or better & shall be cleaned prior to assembly.

ASSEMBLY AND EXPANSION

Care shall be taken during assembly to avoid scoring of tube holes in tubesheet or outer
surface of the tubes. The tubes shall be positioned so that their projection from the tubesheset is
as per 7-15-0006. For vertical shell & tube exchangers, the tubes are required to be flush with
top tubesheet unless specified otherwise,

Tube expanders used by the fabricator shall be electronically or pneumatically or hydraulically
controlled type and shall be in good condition and shall have the Authorized Inspector’s
approval. The tube expanders shall have “stops’ to prevent the rollers approaching nearer than
3 mm to the back of the tube sheet.

Expansion of tube into tubesheet shall be done as per the established procedure.

Tubes shall be expanded for the full thickness of the tubesheet leaving 3 mm (minimum) at the
backside face of the tubesheet. However, for tubesheet thickness more than 55 mm, the
expansion may be limited to 51 mm from the tube side face and remaining portion to be
contact expanded leaving 3 mm (minimum) to 6 mm (maximum) at the back of tubesheet.
Contact expansion shall have thinning of 3 - 5% which shall be ensured by measuring the ID
of tubes.

Care shall be taken to avoid any distortion of the tubesheet or gross deformation of the
ligaments. It is suggested that tubes be expanded systematically in small, diametrically
opposite groups. The tube expansion shall be uniform on the whole expanded length. There
shall be no abrupt transition at junction with unexpanded zone.

A check shall be made of the percentage thinning on tubes selected by Authorized Inspector
and the results recorded and compared against percentage thinning figures of the procedure
test.

TESTING

After expansion of all joints is completed on the job tubesheet, tubesheet face and the internal
surfaces of the tubes to a length of about 15 mm shall be thoroughly cleaned. Any grease or il
shall be suitably removed using proper solvent or steam jets. These joints shall then be
subjected to pneumatic air-soap solution test of 1.25 kg/em®(g). Leaking tubes shall be further
expanded, in the presence of Authorized Inspector after the reasons for the leakage are
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ascertained and accepted by the Authorized Inspector. If the % thinning is greater than 15%
for carbon steel and low alloy steel combinations and 12% for non ferrous and stainless steel
combinations, then the defective tube shall be replaced and re-expanded.

8.2 Joints shall also be subjected to hydrostatic leakage test at a lest pressure indicated in the
drawings or requisition for at least one hour. Leaking tube, if any, may be further expanded
keeping the guide lines given above in view.

9.0 INSPECTION

Inspection of the equipment shall be carried out as per the purchase order by the Authorized
Inspector. For expanded tube to tubesheet joimts, following stages of inspection shall be
observed and reported:

a) Agreement regarding expansion procedure. If procedure testing is to be carried out, then
all preparations, cut samples, test results etc. shall be inspected by the Authorized

Inspector.

b} Inspection of tube ends. Special attention shall be paid to tube dimensions & hardness,
These shall be within the specified tolerances.

c) Approve any repair procedure to rectify defective tube end.

d) After tube holes in the tubesheet have been drilled, and / or reamed and grooved, all tube
holes shall be given a careful check for:

i} Tube layout pattern and locations.

ii) Tube holes meeting requirements of clause 6.0 above. Also, it is to be checked that
grooves in tube holes are located properly and of required dimensions.

iif) Minimum ligament width as per TEMA or APl as applicable.
e} Check the tube projection before expansion is to be started,
f) Agree to the sequence of expanding tubes into the tubesheet holes.
g) Check for distortion of tubesheet and thinning of tubes after expansion is complete.

h) Witness pneumatic & hydrostatic testing.
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Abbreviations:
Al : Authorized Inspector
ASME : American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
IBR Indian Boiler Regulations
IGC Inter Granular Corrosion
MD Maximum or minimum outside dimension at bent portion
0D : Outside Diameter
TEMA : Tubular Exchangers’ Manufacturers Association

Static Equipment Standards Committee
Convenor: Mr. Nalin Kumar

Members: Mr. K. Anjaneyulu
Mr. Tarun Kumar (Emp. No. A328)
Mr. Tarun Khurana (Coordinator)
Mr. PV 5 Salyanarayana
Mr. Anish Trehan
Mr. Saikat Chakraborty
Mr. Piyush Suryavanshi
Mr. Mittal Kumar Patel
Mr. Srikanth Karanam
Mr. Avush Mathur (Projects)
Mr. Prabhakar Choudhary (SMMS)
Mr. Avdesh Agarwal (SCM-Inspection)

Format No B-00-0001-F1 Rev 0 Copynght EIL — All rights reserved

Paade 2300 of 6631 * BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A



SSHaATIT @ ENCINEERS STANDARD SPECFICATION STANDARD SPECIFICATION No.
@uﬁﬁt‘s@mn LIMITED FOR 6-15-0006 Rev. 6

o e e pea 8 et o b i U-TUBES Page Jof 6

CONTENTS
4.0 MANUFACTURE. ... .oxnmimbimsmamnmmis s s s s s sais sy s s sily
5.0 HEAT TREATMENT cicicmaniainsauiibimizinmimhsssa v 3

6.0 BISPECTION & TESTING. ... covesnscmmmpommsmsmomnmras smpmsnmpmnsmysssmprsnsrorihd

Format No. 8-00-0001-F1 Rev. 0 Copyright EIL - All rights reserved

Paade 2301 of 6631 * BO57-TENDFR DOC-R9O57-420-80-44-PG-T-7410 - Rev A



A5 - ENCINEERS STANDARD SPECFICATION STANDARD SPECIFICATION No.
g Eﬁs@m LUMITED FOR 6-15-0006 Rev.6
A Lated oF e Uil U‘TUBES Page ‘ Df a
1.0 SCOPE

This specitication covers the minimum requirements for materials, manufacture, inspection and testing of
L-tubes required for installation in shell and tube heat exchangers.

2.0 CODES AND SPECIFICATION
I'he following standards/ specifications with latest edition shall be used :
ASME Section 1l Pant A & B
ASME Section VI Division |
TEMA
IBR. if applicable
EIL Specification No. 6-15-0001

3.0 MATERIAL

3.1 Tubes required for the manufacture of the U-bends shall meet all the requirements of EIL Specification
No. 6-15-0001 and the Codes mentioned above.

3.2 Tube thickness specified in the datasheets and/or drawings are minimum before forming.

33 Low carbon austenitic Stainless steel type 30401, 316L in solution annealed condition or stabilized
austenitic stainless steel grades 321, 347, 316 Ti in solution annealed followed by thermal stabilization
heat treatment condition shall be used. The other austenitic stainless steel type may be used with the
restriction of Carbon content similar to its equivalent Low Carbon grade.

4.0 MANUFACTURE

4.1 All U-tubes shall be formed from a continuous length of tubing, free of girth welds.

4.2 The minimum mean radius of U-bends of tubes shall be 2 times the OD of the tube, unless specified
otherwise.

4.3 U-tubes shall be manufactured only from seamless tubes. Welded tubes shall not be used.

4.4 All U-bends shall be cold formed.

4.5 Thinning
Thinning of tubes after bending shall be as per TEMA. One tube for each matenial and size shall be bent
to the specified minimum radius and cross sectional thickness measured at 4 points e, 0°, 307, 607 & 907
from tangent line of U-bend.

4.6 Flattening

4.6.1  Flattening after bending shall be within the range given below unless approved otherwise:

Minimum radius of bend Flattening
UptolxOD + 10%
Cireater than 2 x OD £ 5%
Formal No 8-00-0001-F1 Rev O Copyright EIL - All nghts reserved
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4.6.2  Flattening shall be calculated as below:
% Flattening = MD - 0D x 100
oD

4.7 Centre to Centre Distance
Centre to centre distance shall be measured at the tangent line of the U bend and shall have the following
tolerances:

Bend Radius Tolerance (mm)
R<35x0D + 1.0
R 235x0D + 1.5

48 The bent portion shall be substantially uniform in curvature and shall not exceed + 1.5 mm of nominal
centre line radius.

4.9 Permissible deviation from the plane of bend shall not exceed 1.5 mm as measured from the point of
langency.,

5.0 HEAT TREATMENT

5.1 Killed Carbon Steel. Low Temperature Carbon Steel, 3%:% Ni, Low Alloy Steel U-tubes up to 5 times
tube OD bend radius shall be stress relieved after bending over U-tube plus 300 mm (min) bevond the
point of tangency.

5.2 U tubes up to 5 times tube OD bend radius shall be subjected 10 solution annealing heat treatment after
bending over U- tube plus 300 mm (min.) beyond the point of tangency for low carbon austenitic stainless
steel types 3041, 3161 or stabilized grades austenitic stainless steel type 321, 347, 316Ti.

53 For copper and copper alloys. U-tubes shall be stress-relief annealed after bending over U bend plus 300
mm on each straight length beyond the point of tangency. irrespective of bend radii.

54 For nickel and nickel alloys and titanium and titanium alloys. U- tubes shall be heat treated if it is specified
in the datasheets/ drawings. The heat treatment procedure for U-tubes shall be agreed with the
consultant/owner.

5.5 For duplex stainless steel and super duplex stainless steel tubes heat treatment shall be done only af
specified in the data sheets/drawings,

5.6 For ferritic stainless steel and martensitic stainless steel, U-tubes shall be stress relieved only 1if specified
in datasheet/drawings. Stress relieving, if applicable shall be carried out. on the U-bend plus 300 mm
{minimum) bevond the point of tangency.

57 Tube bending lubricants, oil. grease, ete., shall be removed from L-bends before stress relieving. Internal
surfaces of austenitic stainless steel tubes above mentioned shall be checked for cleanliness by blowing
close fitting acetone soaked felt plugs. Dry, oil free air or nitrogen shall be used for blowing the plugs. IF
plugs show more than a light gray discoloration, the tubes shall be recleaned and retested.

5.8 Temperature during heat treatment shall be controlled through the use of optical pyrometers or emission
pyrometers or both. Temperature indicating cravons, lacquers or pellets shall not be used.
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5.9 Methods for Heat Treatment
5.9.1  Electric Resistance Heat Treatment

5.9.1.1  Heat treatment by electric resistance heat treatment is acceptable for most materials except ferritic and
martensitic 8% and chrome-moly steels, and 1s always recommended for austenitic stainless steel.

59.1.2  The close control of tube temperature during heat treatment shall be monitored with the use of
thermocouples or calibrated optical pyrometer on the straight tangent near a U- bend. The heat treatment
temperatures among the readings shall not be deviated by
+15°%C as specified in the Code.

59.2 Furnace Heat Treatment
5.9.2.1  U-Tubes shall be properly supported above the furnace floor.

59.2.2  Establish a procedure on lines similar to Cl. 5.9.1.2. Proposed procedure shall be submitted to the Al
and approval obtained prior to actual heat treatment,

5.10 Heat treatment temperatures by furnace and/or electric resistance methods shall be as given in the
respective product specification or in the Code, subject to a maximum variation of £15°C. The stress
relief heat treatment temperature shall be at least 25°C below the minimum tempering temperature used
for the original material.,

In the case of duplex stainless steel, cooling after the solution annealing shall be carried out by using
forced air, inert gas blast or water quenching.

5.11 The applicable stainless steels U-tubes as mentioned above in this specification shall be pickled and
passivated as per ASTM A380 after heat treatment. employing a previously qualified procedure
acceptable to Purchaser/ EIL.

6.0 INSPECTION & TESTING
6.1 All U-bends shall be visually inspected to detect any harmful effect.
6.2 All U-bends with bend radii less than 5 times the tube OD shall be inspected for thinning, flattening,

centre to centre distance. bend curvature and for the deviation from the plane of bend. o ensure
conformance to the limits specified. U-bends with bend radii greater than 5 times the tube OD shall be
inspected randomly at the discretion of the Al subject to a minimum | tube per one bend radius batch.

6.3 For austenitic stainless steels above mentioned. 1GC corrosion test shall be carried out as per ASTM
A262 practice-E after final heat treastment unless stated otherwise. Specimen after exposure to the 1GC
environment shall be bent as per A262 practice-E and shall be examined with minimum magnification
of 200x. The acceptance criterion is that the bent specimen shall be free of any cracks or grain dropping.
The microstructure shall be submitted to Purchaser/EIL or Al for approval,

6.4 After heat treatment and final cleaning of U-bend tubes. the same shall be subjected to hydro-testing at
a pressure of 70 kg/emg or tube side test pressure (whichever is greater) prior to assembling the tube
bundle. Minimum holding time shall be 2 minutes. Hydrotest reports shall be submitted to Purchaser/EIL
or Al for approval.
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Ahbreviatons:

API American Petroleum [nstitute

ASME American Socisty of Mechanical Engineers
BHN Brine!l Hardness Number

CAF Compressed Aramide Fiber

C8 Carbon Steel

EIMA Expansion Joint Manufacturers’ Association
FEA Finite Elemeni Analysis

FEM Finite Element Method

FV Full Vacuum

HTRI Heat Transfer Research Institute

IBE Indian Boiler Regulations

150 International Organization for Standardization
LAS Low Alloy Steel

MDMT Mean Design Metal Temperature

NE Nominal Bore

oD Outer Diameter

54 Stainless Steel

TEMA Tubular Exchanygers Manufacturers” Association
WRC Welding Research Council
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1.0 GENERAL
1.1 Seape
1.1.1 This specificalion is intended to cover minimum requiremems [or themmal and mechanical design of

12

1.2.1
1.2.2

1.2.3

1.2.4

124
125
1.2.6
1.2.9
1.2.8
2.0

1

2.1.1

shell & tube heat cxchangers. It shall be read in conjunction with EIL specificarion no. 6-15-0001,
which covers requirements for materials, fabrication, workmanship, inspeclion, lesting and supply of
un[ired shell and tube tvpe heal cachangers,

In case thermal design is [urnished by PPurchaser, clause 2.2 on Thermal Design is not to be considered.

The intent of this speeification 1s to supplement, amend or limit the reference codes and standards
metilioned.

This specilication shall not be considersd limiting and it shall be Voendor's responsibility to comply
with all requirements of Materiu[‘I’'urchase Requisition/Bid documents to which this specification is
attached.

References

Following codes and standards ete, shail he followed in their Fatest editions and addenda, errata,
amendments unless specilied otherwise:

TEEMA Standards (Class shall be as per data sheet/drawings ¢lse Clasz R shall be applicable)
ASME Section I

ASME Boiler and Pressure Vessel Code Section VI, Divisien 1, Unfired Pressure Vessels
{hereinalfier referred to as Code)

APFI Standard 660, Shell and Tube Heat Exchangers for General Refinery Services! ISO 16812
Petroleum and natural gas industries — Shell and Tube Heat Exchangers.

National, State and local laws and codes such as IBR ete.

EJMA Standards

EIL Project Design Basis

Licensor Drawings, Specifications and Standards attached with the bid package
EIL Specifications and Standards attached with the bid package

DESIGN

General Requirements

Exchangers shall comply with the above referenced codes and standards ete. and shall be suitable for
ASME Code stamping when required.

Vendor shall strictly follow the design information issued by the Purchaser. Any comment and/or
reservations shall be resolved with the Purchaser at the bidding stage. Reservations/ deviations not
accepted during bidding stage shall not be reopened during the job execution.

Material of construction may be specified in the requisition/datashests in general terms, Material shall
conform to relevant ASME Specification or eqguivalent. Castings shall not be used.

Fommat He. B-00-0001-F1 Rew.

Copyright EiL = All rights resenved

Paade 2307 of 66231 - BO57-TENDFR DOC-R9O57-420-80-44-PG-T-7410 - Rev A



: sigr ielAcs

TH e | 2 i LT

@._ ENGINEERS STANDARD SPECIFICATION FOR STANDARD SPECGIFICATION No.
= [NDIA

LIMITED VENDOR-DESIGNED SHELL AND TUBE HEAT 5-15-0021 Rev. &
1A Furd 1 Inrim D eriking) EKCHANGERS FPage 4 of 12

21.3  Design Pressure

a)

b)

<}

d)

The design pressure shail be as indicaled on respective drawings/data sheets, However, minimum
design pressure shallf be 5 keflem?s.

Parts subjccied 1o both shell & tube side fluids shall be designed for higher of two pressurcs,
unlcss specified otherwise. In casc of FY on any one side, the design prossure on other side shall
be increased to account [or negative pressure of side under vacuum.

When design pressure is specified as FV the same shail be taken as external pressure of 1.055
kg/emn2yg.

Where tube bundlcs are designed for the differential pressure, Vendor shall provide visible
waming plaie adjacent to name plate outlining test pressure regulations.

214 Design Temperalure

a)
b)

c)

‘The design lemperature shall be as indicated on respective drawings/data sheets.

Parts in coniact with both sheli & tube side fluids, shall be designed for more severe of the
lewperature conditions

MDM'T' shall be taken as lower of (°C or the design temperalure unless lower MDMT is
speciticd clsewhere.

2.1.5 Tube to Tubesheet Joints

Tube to tube sheet joints shall be “cxpanded in grooves” type except that the tube-io-lube sheet foint
shall be “strength welded” [or following cases:

a)  When specilicd in Process Licensors’ requirements/Dalasheets.

b)  When “scal welded joint” is specified in Process Licensors' requirements/Latasheets.

) Service requirements such as lethal service, product qualily contamination not tolerable, hazards
ol inlenmixing of shell and tube Nuids ete,

d}  When ratio ot tube OD/thickness <t 6 for non ferrous and < 8 for ferrous materials.

¢} For Hy serviee with partial pressure = 7 kgfem?g {except when brass malerial is used).

Iy For materials where reliable expanded joints are difficult to achicve ¢.g. duplex materials.

23 When mbe hardness or yield strength exceeds that of tebe sheel.

h)  Low temperalure service.

i) When shell or lube side design pressore =50 kgfem?g & design lemperature = 400°C,

i} When shell or tube side design pressure > 70 kg/em’g.

k)  For different co-efficient of thermal expansions of tube and ube sheel malerials, the limitation of
design temperamre as per ASME Section VIII Division 2, Clause 4.21.1 .1 £(2) shal! apply, and
may wartanl welded joints.
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216  Extended type tube sheet shall be used with stab in bundles, with balt holes of tube sheet threaded.
Alsp, the studs in this case shall be square ended for holding/iightening,
2.2 Thermal Design

221 Vendor's thermal designs shall be vetted by LIL on HTRI's Xist computer software { latest version) for
adequacy, including safety against failure due (o ow-induced vibration and acoustic vibration, This is
the minimum requirement and Vendor shall make necessary changes in design (o ensure compliance to
HTRI. However, Vendor can prowvide higher wrea’more conservative design as per their design
practices and shall submil the thermal design cateulations/computer ouiputls for EIL review.

‘The requirement specified in this clause 2.2.1 is not mandatory [or prefinler/afler condenser or any heat
¢xchangers which arc a parl of vacuum epector systems/hybrid gjector systems, Vendor can use in
house software for thenmal design of such heat exchangers and shall submit the thermal design
calculations/compuicr outpms for EIL review. Other sections (i.e. 2.2.2. to 2.2.7) 10 be taken care for
vacuum gjeclor system.

222 Maximum overall heat transfer enofficienis may be specified for certain services hased on aperating
cxperience. For these items, the allowable pressure drops on shell side and tube side should be ulilised
as fully as possible. However, the Vendor is responsible for performance of the equipment as per the
FeGuIsilion.

223 Minimum velocity of cooling waler inside tubes shail be 1.0 m/sec. Cooling water velocity inside tubes
shall he kepl as high as the allowable pressure drop permits, bul not = 4.0misec for Titanium, 2.0m/sec
[or Admiralty Rrass & Cu-Ni and 2.5m/sec for CS, LAS and 53 fubes, For all metallurgy, minimum
and maximum velocity constraints to be followed, unless otherwise specified.

224 Vibration

T 18 Vendor's responsibility to check and conlinu that exchangers are free from any flow induced
vibrations. The stalements of TEMA clause numbers G-5.4 and RCB-4.56 relemring to vibrations arve
nel aceeplable.

225 TBallles

Raffles should be either single segmental or double segmental. 17iple-segmental batfles shall not be
uzed. "No fubes in window™ design may be used to aveid [low-indueed vibrations.

226  Impinzemenl Plate

Impingemenl plate shall be no closer to the inlet noszle than 18 required lor escape height and flow
area. Yeador shall perfomm bundle entrance and exit area caleulations, and submit to EIL/Purchaser for

approval.
a) Impingement platcs shail be a solid plate 1hat extends at least 50mm bevond the nozzle hore. Tt

shall be of sullfeient size so that the distance from the projecied inside of the noczle to the edge of
the plate, in any dircetion, 1s al least equal to the distance of the plate from the nozzle opening.

by Perforated impingement plates are not permitled.

227 For cther special applications such as keitle reboilers, kettle steam generatars, slurry handling, 11F acid
service, Hydrogen service etc. applicable special construgtional features as mdicated in the requisilion
shall be applicable.

33 Mechanical Design

Mechanical Design of heal exchangers shall be done on an internationally reputed sottware such as PV
Flite cie. No hand calculations are acceptable,
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Nuring the design of shell & wiw heat exchangers, consideration must be given to the siresses induced
at operating, allcrmate operating, empty, hydrotest, start-up, shutdown, sleam oul, dry out and other
upset conditions.

2.3.1  Nozzics

a) Al flanges shall be of weld neck type.

b}  Integral reinforced nozzles in accordance with ASME Section VIII Division 1, Figure [IW-16.]1
(g} ave required i any ol the [ollewing conditions is applicable:

i} Thedesign pressure exceeds 50 kgicm?p.
it} The design temperature is < -[0°C or 2 400 °C.
iii) Plate thickness in case of (8§ exceeds 30 mm and in case of LAS exceeds 25 mm.

¢}  Exchanger units shall be designed for the additional cxternal leading rom the connected piping
ele. Same shall he as per EIL standard 7-12-0038 unless specified otherwise.

Vendor shall cheek the exchanger including nozzle flanges for these nozzlc loads internal/cxlernal
pressure and verify these loads by calenlations,  Stress caleulations shall be carried out as per
WRC Bulletin No, 107/297. WRC 107 shall be used for nozzles on dished ends and WRC 297
shall be used for nozzles on cylindrical sheil,

In case of failure duc to WRC, FEM analysis/PD 5300 analysis can be carried ouf to establish the
adequacy of provided conliguration.

d)  Where cxchauger centre line is sloping with respect to horizonmal, the lange faces ol nozses shall
be true horizontal! vertical as applicable,

232  Girth Flange Joints

a)  All girth fianges shall be of forged hub type and shall have confined gasketed joints.

b} Tube sheets welded to shellichannel shall be provided with *forged hub” in accordance with
ASME Section VIN Division 1, Figure UW-13.3 when [ull radiography i required (refer clause
2.3.17 (b} Gii) to (vii) below),

¢} Floating head flanges shall be provided with *forged lip™ in accordance with figure 1 b} (flanged
and dish construction) of API 660 when full radiography is required as per clause 2.3.11 (b) (v,
{vi} and {vii) below,

dj Al girth flanges, floating head flanges & other internal flanges (such as for single pass loating
head exchangers) shail be designed For [ull boll load. Tn zaskel sealing conditions balting area
provided shall have the following minimum design margin over the code requirements:

iy 10% Lor Noating head ange and other internal flanged joints.
i) 3% for girth Manges.

233 DBolting and Flange Closures

al Al bolting shall conform to 94193 Grade BT with nuls in accordance with SA194 Grade 2H
unless specificd otherwise,
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by  Tor floaling head flanges and other pressure holding internal juints, the bols shall conform to
SA193 Grade B7M with nuls in accordance with SA 194 (rade 21TM, unless specified otherwise.

e} Vendor of exchanger unit shall guaraniee lightness compatibility of their closure designs. This,
especially, perlains o closures where designer amalgamatcs components having different thermal
CRpansion properties.

234 DBaffles/Support Plates

Minimum thickness of baffles and suppon plates shall be as per TEMA or twice the shell side
corrosion allowanee whichever is more. A suitable notch cut shall be provided al the wp and bottom of
each ballle and support plate for venting and draining of shell side of exchanger.

To avoid vibratien in exchangers, the tube bundle design shall include the following:
4. For baffles spaced < 300 mm apart, the tube hole diameter shall not exceed the OD of the tubc
plus 0.5 mme. For baffles spaced 300 mm or more apart or [or the support plates the tube heole

diameter shali not exceed the O of the e plus 6.4 mm,

b. ‘Tube holes in tube sheets shall be Gnished to the diameters and tolerances specilfed by TEMA [or
special close [t

4]

Usc a [ull periphery distribution belt at the shell inlet or provide internal distribution space and
impingement protection.

235 Bliding Sitips/Rails
Sliding sirips shall be provided for removable exchanger bundle with shell diamater greater than 450
mm, to facilitate inserlion & pulling out of the bundle. Vendor may provide the same in smaller
diameters also.
I kettle type shells, provide sliding rails contimuousiy welded to shell for removable bundle, in arder
to facilitate sliding of burcdle while being pulled vut. Also, bundle retainer shall be provided for
positioning and zafety of the tube bundle,

236 Accessories for Testing

Fur testing of exchangers with removable bundle, following accessories shall be supplicd:

a) Provide test ring for testing Lube-to-tube sheet joint tor all floating head type exchangers. The dest
ring shall be generally as per TEMA tvpe, refer F1G. E-4.1.3-2,

by Test [lange shail be provided for the following cases:
i) For floating head exchanger when tube side lest pressure is higher.

ii}  For exchanger with T-tube bundle and non-extended tube sheet when channel is B-type and
shell side lest pressure is higher.

i} Tor exchanger with U-tube bundle and non-extended tube sheet when tube side rest pressure
is = shell side test pressure,

iv) Forstab in bundle & non-cxlended tube sheet.
¢} Duimmy shell shall be provided for the [ollowing cases.

i} For atab in bundle when shell side test pressure is higher than tube side.
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ii)  For floating head exchangers without shell cover (T type oating head).

d) For stacked cxchangers, hydro test shall be carried out with a1l required inlcreonnections made.
This will reqnire as many number of test tngs as the number of exchangers in one stack, and in
case of Ll-tube with bonnet type channel head or BES type oxchangers, as many st Nanges as
number of exchangers in stack,

e} Any other accessory required dus to special design,
2.37  [Expansion Joinls

Tor fixed tube sheet heat exchangers, whenover required, thick expansion joints shall be used. The
thick expansion joints shall be flanged and flued type only. Thin cxpansion joints shall be avoided as
far as possible. Written approval from EIL/Purchaser shall be taken prior to use of the thin expansion
joints.

Requirements as noled below shall be followed with regard to cxpansion joints:

i} Al C5 thick expansion joints shall be stress-relicved, 8§ thick cxpansion joints need not be
selution annealed.

i) For 55 thick expansion joints, use only low carbon or stabilized grade of steel.

iii) All expansion joints shall be provided with internal sleeve and shall have snitahle
yonting/draining provision.

iv) Vendor shall submit design ecaleulations showing aclual spring load, aclual deflection, total
combined stresses and calculated cycle life based on actual dimensions, materials vsed and also

[abrcation procedure for revigw.

v) 'Thick expansion joints shall be designed per TEMA and ASME Section V1L Division 1 (UTIX-17
and Appendix 5), while thin expansion joints shall be designed as per EIMA and ASME Scction

V11 Division 1{IJHX-16 and Appendix 26).
vi) Material of thick cxpansion joint, sleeve, transition piece etc. shall be same as that of shell.
vii} All welds shall be 100% radiographed.

viii} Design cycle lite shall be 500 starupishul down cycles and 7000 operating cycles in the case of
ihin expansion joints & 750 operating cyeles in case of thick cxpansion joinls, unless specificd
otherwise.

Far single pass Tloaling head exchangers, internal thin expansion joints shall be provided to take care
of bundle movement. internal thin expansion joints shall be designed for full design pressure on each
sidc with other side at ambient or specified vacuum condition. Internal thin expansion joints shall be
hydraulically or mandrel formed type and such thal pennil easy replacement at site. Such thin
cxpanzion joinis shall be of Alloy 600, Alloy 623, Alloy 800 or Alloy 825 materials.

The thin cxpansion jomifs shall be procured from reputed manufacturers only with adequate
experence.

FEA of thick expansion joints
FEA of thick expansion joints of fixed tube shoct heat cxchangers shall be carricd out mecting the

requirements of Section 5 of TEMA %th Edition. Fatigue evaluation of the thick expanzion joints shall
be carried out in accordance with RCB-8.7 of TEMA 9th Edilion guidchines. Deseription of compuler
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programs, assumptions, complele analysis and computer output with results shall be fumnished to EIL.
Computer programs shall have third party validation. In case of in-house programs hand caleuTations
shall also be submitted.

Flanged and flued joints designed as per ASME Section V111 Division | and Scction VIIT Division 2
must meet following mulliple Code requirements defined in:

*

*

*

*

YI1I-1 Part TG — allowable stresses, minimum thickness, cle.
YIlI-1 Part UUHX -- load cases to he considered and meihod
VIII-1 Mandatory Appendix 5 — details for designs of flanged and flued joints

VIII-2 Part 5 — Fatigne

'The stress analysis report to be submilicd [or EIL review shall include the following:

i}

iii)

iv}

vi}

vii)

viii)

introduciion

a}

b}

¢}

A brief description of the numerical method including the name and version of computer
softwarc uscd [or the analysis to understand the applicability, input, output and validation
al the software.

Any assumptions used in the analysis.

Copy of any literatore referred 1o in the report.

Basic inputs (dimcnsions, design data, material data, and 1oads ¢te.) and description of model
geomeiry {including element type(s) For finite element analysis) for each model.

I.engths of the modelled portions [or different components at the junction.

Preseribed boundary and loading conditions in each model.

a)
b)

Points of application of the external loading.

Description (with supporting lileralure) of any equivalent mathematical modei used for
the application of loads.

Description of the numerical analysis procedure {ic. stalic analysis, thermal analysis
(lemperature and stress), buckling analysis, natural frequency analysis, dynamic analysis).

A

report on checking [or aspect ratio and skewed angle for the clements,

Colour plots of relevant results (numerical model, deformed plot, contour plois of thermal and
stress- results, and stress lincarization resulls for all SCL’s or any other items, wherever
applicable). Black and while plots are not acceptahte.

M

ethod used 10 validate 1he numerical model {i.e. mesh sensitivily revicw and equilibrium check

for finite element analysis, c.g. check of hoop stress in component away froni structurs]
discontinuity and a check (o ensure that global equilibrium is achicved between applied loads

an

d reactions at specified boundary condilions),

Sumtirary of stress intensities (membrane, bending and total) at critical locations/ sections for all
individual load cases separately (e.g. pressure load, individual nozzle load components, thermal
load, seismic load) as well as For all relevant load combinations. The locations of these stresses
must be elearly shown in the model mentioning the corrcsponding element/nede numbers.
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x)  The resulls of fatigue analysis according to ASME Sceiion VIII Division 2, Part 5.
xi)  Codal siress intensity checks for all categories of stresses for all relevant load combinations.
xity  A3/Ad sive copy of referred/relevant drawings.

xiii} Electronic storage of analysis results incloding input files and output files ihal contain numerical
analyais results,

A stress analysis report, which ignores the above requirements, is liable to be rejected.
238  Equipmenl Supperts

Supports shall be designed to withstand the most severe combination of live and dead loads anticipaled
during the normal life of the heat exchangers.

When [l standards for equipment supports are not furnished w Vendor or are not followed by him
tollewing or equipment size falls beyond the range off EIL standards shall be ensured:

a.  Equipment supports tor heal exchangers shall be designed to withstand a pulling force of not less
than 1.5 times the bundle weight, taken at the centre ling of the cxchanger, Analysis shall be
based on L P Zick's criterion. The exchanger supports shall alse he adequate to cnsure atrociural
stability of (he exchanger in basic configuration as reguired considering all superimposed loads.
Detailed calenlations shall be submilted to this effect.

k. Vertical exchangers shall be supporied by lugs welded to wrapper plate in such a way that the
shell 15 not overstressed or deformed. Alternate methods such as skirts, lugs or trunnions may be
considersd where necessary.

L. The shear atress for support shall be limited to 40% of the material yicld strength.
d.  In casc of stached exchangers, the lower shell(s) of stacked cxchangers shall be designed (o

appropriately consider the Toad ol upper shell(s) without distorting the lower shell and causing
bending ol tube bundles.

L

It shall be ensured that centre of gravity falls between the saddle supports [or the horizontlal heat
exchangers and iz below the brackel supports for Lhe vertical heat exchangers for stability of the
heat cxchangers. Centre of gravity of heat exchangers shall be clearly marked on the drawings.

234 Yents, Drains and Other Connections

a)  When tube side fluid is steam, a 40 NB (flanged) operating veni conneetion shall be provided m
the channel cover ar bonnel head al high point of second pass.

B When shell side Muid s steam, 40 NB (flanged) shell side operating vent connections shafl be
provided as follosws:

i) Horizontal attits - one venl, located below eenierline at the end opposite the inlet.

ii) Vertical nnits - two vents required, one below horizontal cenlerhine al the end of steam travel
and one near the top.

o) Doritotal condensing seovice, provide a flanged 40 NB vent nozzle on top of shell at end apposite
to shell inlet. For stacked unils, provide & venl nozzle in each sheli. Rating, flange [acing ele.
shall be equal to that provided for main shell side nozzles.
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dy  All vertical fixed tube sheer exchangers shall additionally be provided with proper venldrain
through tapped holes in trbe sheeds,

2310  Gaskets

Ciaskets shall be made in one piece. This shall however nol mean exclusion of gaskets made integral by
welding, provided the weld urea is not harder than the adjoining material and has the same corrosion
resistance, Where galvanic corrosion is envisaged, gaskel material shall be compatible with or nobler
than the surrounding materials.

a)  Copper and brass gaskets are nol permitted when fluids contain 11-5 or amings.

b} Aramide filler uscd for jacketed gaskels is not to be of compressed type.

¢y Asbestos is not 1o be used

dy  CAF paskets when used shall be 2 thick and shall be used only inoutilily serviees lke ain, waler,
and sieam up to 1500C and with nozzle Hlange rating of up to 150 psig. CAF gaskets shall not be
used at femperature less than 0o, and for vacuwn service {exeepl in steamn). These saskets shall
not be used in internal joints/langes,

¢} Sdolid metal gaskets & metal of jackeled gaskets shall be dead soft annealed.

f;  Hardness of the solid metal gaskel shall be at feast 15-20 BHN lower than the gasket seating face,

£2)  Tor duplex and super duplex heat cxchangers - alloy 625 spiral wound or alloy 625 Jlacketed
Aramide shail be used.

2311  Radiography
a}  The minimwn extent of radiography shall be spot.
b}  Heal cachangers which fall under the following calegories shall be fully {100%) radicgraphed:

i) For exchangers under [BR

i) Where the relevanl design code andfor specification does not permit a lower class of
construedion.

i) Al Cr-Mo steels

iv)  Low lemperature service

V) Ledhal service,

vi)  Whenever required by Code basced on adopled thickness and material of construction.

vil)  Special serviecs such as Hydrogen service, wet [1:5 {Sour gas service) etc.

3.0 DESIGN REVIEW & VENDOR DATA REQUIREMENT

The VYendor shall submil the mechanical & thermal design caleulations in accordance with the
requisilion/bid document. Lll's review of caleulation shall not relieve the Vendor of his responsibility
in any manner, The fabrication drawines and other documenis shall also be submilted in accordance
with the reguisition/bid docement,

4.4 GUARANTEL

Unless otherwise specified in General Purchase Conditions (GPC) regarding guarantee, the following
shall govern:

‘The Vendor shall guarantee the equipment for design, maletials, workmanship and specified
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performance for a period as specified in GPC. Defects/shorl [alls, if any, shall be made good by the
Vendor at hiz cost by repair and/or replacement without any delay.

PATENT INFRINGEMENT

o
—]

Vendor shall defend any and all infringeiment suits in which the Purchaser and/ or L. is madc a
defendant, alleging patent infringement on equipment purchased from Vendor, Vendor shall pay all
cosls and expenses incident to any such hitigation, It being further agreed and understood, however,
that Purchaser andior EIL shall have the right to be represented therein by counsel, of iheir own
selection and paid by them. Vendor shall pay all damages, profits and/or cost which may be awarded to
the plaintiff in any such litigation; and, in general, shall defend Purchaser andior I against all claim
ot demand of every kind to which they may be subjected under the patent laws, in connection with
eguipment purchascd under this specification.
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Abbreviations:
ACHE Air-cooled heat exchangers PTC  Production test coupons
Al Authorised Inspector S8 Stainless steel
APl American Petroleum Institute SPDT  Single pole double throw
ASME American Society of Mechanical Engineers STAAD Software for structural design
ASTM American Society of Testing of Materials UL Underwriters Laboratory
AWS American Welding Society UST  Ultrasonically Tested
BIS Bureau of Indian Standards
BHN Brinell hardness number
BV Bureau Veritas
CA Corrosion Allowance
CAF Compressed Aramide Fibre
CCE Chiefl Controller of Explosives
CIMFR Central Institute of Mining & Fuel Research
Cs Carbon Steel
DFT Dry Film Thickness
DNV Det Norske Veritas
DP Dive Penetrant Test
DPDT Double pole double throw
FM Factory Mutual
FRP Fibre Reinforced Plastics
HAZ Heat Affected Zone
HIC Hydrogen Induced Cracking
HFP Horse Power
HTRI Heat Transfer Research Institute
IEC International Electrochemical Commission
P Current 10 pneumatic converler
LAS Low Alloy Steel
LP Liquid Penetrant Test
LTCS Low temperature CS
MDMT Minimum design metal temperature
MP Magnetic Particle Test
NACE National Association of Corrosion Engineers
obp Outside Diameter
PESO Petroleum & Explosives Safety Organization

Static Equipment Standards Committee

Convenor: Mr. Nalin Kumar
Co-Convenor: Mr. K. Anjaneyulu

Members:

Mr. Tarun Kumar (Emp. No. A328)
Mr. Tarun Khurana (Coordinator)
Mr. PV Satyanarayana

Mr. Anish Trehan

Mr. I* Bank

Mr. Saikat Chakraborty

Mr. Piyush Survavanshi

Mr. Mittal Kumar Patel

Mr. Srikanth Karnam

Mr. Aasheesh Handa (Projects)

Mr. Prabhakar Choudhary (SMMS)
Mr. Avdhesh Agrawal (SCM-Inspection)
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A. SCOPE

This specification covers the general requirements for the thermal and mechanical design, materials,
fabrication, workmanship, inspection, testing and supply of ACHE and is intended to supplement the
minimum requirements of the applicable codes and standards.

In case Purchaser furnishes thermal design, Clause-7.0 under Section-7 of this specification on thermal
design is not to be considered. In case thermal and mechanical designs are done and engineering
drawings furnished by Purchaser, then details given in these engineering drawings take precedence over
this specification.

This specification shall not be considered limiting and it shall be Vendor's responsibility to comply with
all requirements of Material Requisition/Purchase Requisition/Bid Documents (referred to as enquiry
documents), to which this specification is attached.

B. SPECIFIC REQUIREMENTS

The Standard applicable for ACHEs shall be APl Standard 661, Seventh Edition July 2013 except to the
extent modified hereunder. The section, paragraph and figure numbers refer to those used in API 661.
"New"™ applies to entirely new paragraph presently not included and to be inserted in the numbering
order of API-661. "Addition" applies to an addition to the original Para. "Modified” applies 1o
modification of applicable portion of the API-661 Para.

4. GENERAL

4.1 The pressure design code shall be ASME Section VIII Division 1, unless specified (Modified)
otherwise. Hereinafter referred to as'Code.
4.4 For ACHE to be installed in India, Vendor shall comply with all applicable local
{Addition) regulations like approval from CIMFR, PESO, and CCE etc. for all electrical and instrument
items.
4.6 Service of the ACHE (sour service or wet hydrogen sulphide service) shall be ag

{Addition) indicated in the Requisition.
S. PROPOSALS

5.11  The proposal shall include power consumed by the motor and required maotor HP.
(New)

6. DOCUMENTATION
Vendor shall furnish documents as per Vendor Data Requirements specified in the requisition.
7. DESIGN

7.00  Thermal Design
(New)

7.0.1  The Vendor shall do thermal rating when specified. Thermal design proposed by the Vendor will have 1o
be in order as per HTRI software. This includes adequacy of heat transfer area and tube and airside
pressure drops. If any modifications are required to be carried out by the Vendor in order to make the
thermal design acceptable as per HTRI software, the same will be done without any cost and delivery
implications.
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7.0.2 If an ACHE has to satisfy more than one process condition, separate "Equipment Data Sheet" shall be
furnished for each condition. The relevant process condition number shall be given in the heading of
each sheet.

7.0.3 ACHE design shall take into account operation at part load. This is important for viscous materials
(>=5¢P) and those with high pour points, Vendor shall consider the following:

The inside tube wall temperature shall be a minimum of 10 °C (18 °F) above the pour point. This
condition shall be satisfied for the lowest part-load design case with the air entering at winter design
temperature. The provision of counter or parallel flow piping arrangement, air re-circulation and/or
heating coils may be necessary to achieve this.

In cases where the process fluid may solidify or become highly viscous when flow is interrupted or for
systems where there is a2 maximum allowable cooling rate, e.g. deposition of ammonium carbonate,
steam heating & control shall be incorporated for start up & shut down.

7.04 The varying air temperature across the rows of a single pass condenser results in unequal performance.
Employing variable fins per inch in the individual rows with the lowest in the bottom row and highest in
the top row should eliminate this.

71 Tube Bundle Design

7.1.0 Vendor shall strictly follow the design information issued by the Purchaser. Any

(New) commecnt and/or reservations shall be resolved with the Purchaser at the bidding stage.
Reservations or deviations not accepted during bidding stage shall not be reopened during job
execution.

7.1.1.8 There shall be practically no air gaps in bolted joints (plenum to beam, in between

(Addition) parts of plenum etc.). However, these gaps shall be limited to 0.5 mm (maximum).

7.1.1.13 The bundle side frame shall have minimum 5 mm thickness for tube lengths less than

(New) 6 m and bundle width up to 2 m and shall have 8 mm thickness (minimum) for greater tube

lengths or bundle widths. Only one joint is permitted in the frame. The weld, if any, shall be full
penetration weld, shall be ground flush from inside and DP tested.

7.1.1.14 Tube to tube sheet joints

(MNew) Tube to tube sheet joints shall be expanded type except that the tube to tube sheet joints shall be
welded for the following cases:

a) Critical service requirements such as lethal, hydrogen service with hydrogen partial
pressure > 7 kglem” (g), ete.

b For duplex and super duplex materials where reliable expanded joints are difficult to
achieve,

c) When specified in Process Licensor's requirements or datasheet.

d) Tube hardness or vield strength exceeds that of tube sheet.

e) When design pressure > 50 kg/em? (g) and design temperature is = 400 °C.
f) When design pressure > 70 kg/em® (g) and design temperature is > 300 °C.

&) For sour service with S8 tubes and tube shect.
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7.1.3. Tube Bundle Design Temperature
7.1.3.1 ACHE MDMT shall be taken lower of 0 °C or the design temperature specified in the

(Addition) equipment drawing or Design Basis.

7.1.3.2 Extruded fins may be used for design temperature up to 288 °C (maximum).
(Addition) Embedded ‘G fins may be used for design temperature up to 400 °C (maximum).
Beyond 400 °C, only welded fins shall be used. For ACHEs in offshore service, extruded fins

shall be preferred.
T.1.6 Headers
7.1.6.0 Type of header
(New) The type of header as specified hy Purchaser shall be adopted. In general cover plate

type headers shall be used when fouling resistance is greater than 0.0004 hrm®C/keal. Plug
headers shall be provided for services such as hydrogen, lethal, sour, amine, design pressure
greater than 50 kgfem” (g).

7.1.6.1.2 If the operating temperature exceeds 180 °C, a split header shall be provided after first
(Addition) tube pass of multi pass bundle.

7.1.6.14 Header shall be designed so that the inter pass cross-sectional flow area is at least
(Modified) 130% of the flow area in the previous tube pass.

7.1.6.1.6 The minimum tube sheet thickness for expanded tube to tube sheet joint shall be
{Addition) 25mm for CS and LAS materials with 3mm CA and 22mm for 85 material with no CA, o
ensure two grooves for expansion. For higher CA, minimum thickness shall be increased by the

additional CA (e.g. CA in excess of 3 mm for CS or LAS, etc.),

7.1.6.19 Even number of passes are preferred for simplicity in piping lavout. Process nozzles

(New) shall be at the fixed header end to minimise thermal expansion stresses. Pass partition plates
shall be provided with one 6mm diameter drain hole.

7.1.6.2 Removable Cover Plate and Removable Bonnet Headers

7.1.6.22 Removable bonnet headers shall not be used.

(Modified)

71623 Bolted joints shall be designed with confined gasket only. Refer figure 4 A and B for

(Maodified) typical confined joint detail. Use stud bolts for header flange and cover plate joint,

7.1.6.3 Plug Headers

7.1.63.4 For strength welded tube to tube sheet joint, if clearance between the top/bottom/side/

(New) partition plate and tube is less than 18mm or the plug size is less than tube OD plus 9mm, then

Vendor shall demonstrate his experience by giving past references and by performing mock up
. to prove his capability in this regard. The mock-up shall be done before the submission of

design or drawings.

71,7 Plugs for Tube Access

7.1.7.6 Plug shall not project into the header box. In case of sour and lethal service, double
{Addition) plug shall be used for CS and LAS materials.

Formal Mo, 8-00-0001-F1 Rev. 0 Copyright EIL — Al rights reserved

Paage 2321 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A




¥ ENGINEERS GEMNERAL SPECIFICATION STANDARD SPECIFICATION No.
@amemamm FOR 6-15-0071 Rev. 6
PSS (AT o e g AIR COOLED HEAT EXCHANGERS Page 6 of 21
7.1.8 Gasket
7.1.8.7 Metal Jacketed (3 mm thick) gaskets shall be 13mm (minimum) wide all around.
(Modified) CAF (2 mm thick) gaskets shall be 19 mm (minimum) wide all round. Width of the gasket at
pass partition shall be equal to the pass partition plate thickness.
7.1.8.8(c) The weld and HAZ is not harder than the parent material and has the same corrosion (new)
resistance.
7.1.8.8 (d) The pass partition ribs of metal-jacketed gaskets may be tack welded to the inside of (new)
peripheral section.
7.1.8.10 The selection of gaskets in header flanges depends on the temperature, pressure and
(New) corrosivity of the fluid to be sealed. For cover type header, the gasket shall be CAF or metal-
jacketed type with the metal compatible with cover and flange material. CAF may be used only
for water, air, steam (up to 150 °C) with ASME 150 Class and if permitted as per Purchaser’s
specifications. CAF shall be 2mm thick only. Asbestos not to be used if not specifically
permitted.
For plug headers, only solid soft metal gaskets are to be used,
7.1.9 Nozzles and other connections
7.1.9.0 Maximum nozzle size shall be limited to 12"NB and where possible shall be restricted
(MNew) to 8"NB by splitting large flows into multi nozzles, if necessary. Header boxes having length
maore than 1800mm shall have minimum two nozzles for process inlet and outlet.
7.1.9.5 All connections shall be flanged irrespective of flange rating.
(Modified)
7.1.9.7 Bolt holes shall siraddle principal centrelines.
(Addition)
7.1.9.8 Fabricated transition pieces wherever indicated in this clause shall not be permitted.
(Addition) Swaged C5 nozzles shall be normalised if the thickness exceeds 16mm or if they are not formed

in the normalising range. Hot-formed SS nozzles to be solution annealed. Slip-on flanges shall
nol be used. Lap joint stub in flanges shall not be used.

T.1.9.11714/17/20 Threaded connections shall not be used.

(Modified)

7.1.9:15
(Modified)

7.19.16
(Modified)

7:1.9.22
(New)
7.1.10

7.1.10.5
(New)

If specified by Purchaser, additional chemical cleaning connection shall be minimum
2"NB. The type and location shall be as specified.

Multi-purpose connections shall be as per Design Basis.

All process nozzles of 3 NB and above shall be provided with 3 no. stiffeners and

process nozzles of 27 NB and below shall be provided with 2 no. stiffeners. Size of stiffener
shall be 50 wide x Bthk.

Maximum allowable moments and forces for nozzles and headers

Mozzles shall be designed for two limes the nozzle load limit given in API 661, For

Air coolers of 600# nozzle flange rating and above, the same shall be 3 times APl 661 limit.
Structural components shall be designed considering three times nozzles loads as given in AP
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irrespective of flange rating. Nozzle loads in excess of these loads, if specified by purchaser,
shall be considered.

Tkl Tubes

7.1.113 For extruded fins (integral type) the minimum tube thickness applies to the inner
(Addition) tube.

7.1.1L5 Fins serrated on the outside edge may be used only for CS fins.

{ Addition)

1L1LT L-fins shall not be used.

(Addition)

7.1.11.14 The mechanical bond between tube and embedded fins shall be tested as follows:
(New)

i) Cut fin to obtain a sector with a chord ol approx. 12mm al the root of the fin.

i) Pull out the fin sector by hanging weights or any other appropriate method. Acceptance
criteria shall be a force of at least 3.0 kg.

i) 1% of the total number of tubes per size, fin diameter, fin pitch shall be tested at two
locations along the tube length. Tubes, which pass the test, may be used after stitching
of fin portions across the cut.

iv) In the event of any tube failing to comply with pull out test requirements, a further two
tubes shall be re-tested and, if the results are satisfactory, the tubes can be accepted. IF,
however, the further test results are unsatisfactory, the entire lot of tubes shall be
rejected.

v) The pulling test shall not be carried out within 25mm from each fin connection point.

Two cross-section cutaways shall be made for inspection of tube grooving and fin bonding per

each machine setting (i.e. one tube for each type of tube and fin detail and minimum one test per

order).

T.1.11.15 The number of fins shall not exceed 433 per meter (11 per inch).

(New)

7.2 Air side Design

7.2.1.6 If the control of air flow is to be achieved by use of auto variable fans or variable

(Addition) speed drives at least 50% of the fans are to be made auto vanable, unless specified otherwise,
Auto variable fans or variable speed drives, if used, shall be located towards that end of the
bundle where inlct nozzie(s) isfare located.

7.2.1.8 Dirivers, gear boxes, transmission components, instrumentation, louver actuator and (Addition)

positioner etc. shall not be installed in the hot air stream.*

722

7.2.2.1

- -

Noise Control

Permissible noise level of the ACHE measured shall not exceed 85 dB (A) with all fans running
al full load with measurement taken at | m from bundle on the header access walkways and 1 m
from the bay limits on the motor maintenance platform. The permissible noise levels | m below
the motor shall be 90 dB (A) maximum. Vendor shall demaonstrate these noise level limits during
run-in tests. Vendor shall guarantee these sound levels.
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7.2.3.1
(Modified)

7235
(Addition)

7.2.3.11(b)
(Modified)

7.2.3.11(c)
(Addition)

7.2.3.17
(New)

7.2.3.18

7.2.3.19
(New)

Fans and Fans Hubs

Two or more fans aligned in the direction of tube length shall be provided for each
bay. All fans in a bay shall be arranged for independent operation. Common fans cooling more
than one process duty shall be used only on approval from Purchaser.

Fans shall be designed for a noise level of maximum 80dB(A), keeping in mind the
overall limits as per 7.2.2.1. Fan tip speed shall be suitably selected. Fan manufacturer shall
furnish noise level datasheet for fans,

Pneumatic actuator shall be equipped with a positioner. FEach actuator shall have an integral
positioner mechanism and mechanical maximum and minimum stops, adjustable over the full
range. Exposed actuator shafts shall be chrome protected. Each actuator shall be provided with
flexible hose (s), terminating in a 1/4" NPT screwed female connection.

The actuators shall be suitable for an air supply pressure of 9.5 kg/cm2(g) design, 7
kg/em2(g) normal and 2.5 kg/cm2(g) minimum. Purchaser will specify the exact air supply
pressure. Any pressure reduction system on the supply air, if required, shall be in Vendor's

scope.
In general, an actuator operating range of 0.2 to 1.0 kg/em®g is preferred.

In case of loss of air pressure or control signal, the blades shall lock at maximum air

flow position unless specified otherwise. In the event that the fan fails to respond in in this
manner, means shall be included by the Vendor to physically lock the blades in high pitch
position. Auto variable fans to be shop adjusted for variation between zero performance
and design piich required. Positioner to be supplied and set for full signal pressure range.
Signal pressure for auto variable fan shall be 0.2 to 1.0 kg/em2-(g) for zero flow to design
flow unless specified otherwise. HP of motor to be selected based on the airflow at design
pitch. Provide one I/P converter per item, unless specified otherwise. One volume booster
shall be provided for cach auto-variable fan.

I/P converter shall be of electronic feedback type unless specified otherwise and shall be yoke
mounted. It shall have an integral terminal housing. I/P converter with flying leads shall not be
acceptable. Unless otherwise mentioned, it shall be intrinsically safe. Pneumatic connections
shall be 1/4" NPT (F). The electrical connections shall be 1/2" NPT (F). If they are different,
suitable adapters shall be provided. The overall accuracy of the /P converter shall be better
than £0.3%.

Fan shall be selected so that the design under fouled condition satishies the lollowing
requirements with reference to fan performance curves:

a) The design point shall lie on the performance curve for which fan blade angle is at least 5
degrees and preferably 10 degrees less than the largest blade angle at which fans operate
satisfactorily.

b) The design point shall not lie on the performance curve in proximity to the stall region
which the manufacturer shall indicate in the fan curves.

Air Cooler fans shall be procured from EIL. approved suppliers list attached elsewhere (New)
in the Package/Marterial Requisition.

Fan datasheet shall be forwarded to motor supplier and frame size shall be able to take
all torque/ loads/ thrust imposed by fan. Vendor shall submil necessary calculation after order,
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Vendor shall obtain and furmnish the fan details from fan supplier as per the fan specification
sheet including fan GD*value, torque vs speed curves, fan rpm etc. Vendor shall also furnish the
drive make, motor make and frame size. Based on this data, the drive details shall be developed
by vendor and submitted to EIL. Vendor shall furnish these drive details to the drive supplier
and get the confirmation from him on the adequacy of the drive to transmit the required power.
Vendor shall furnish to the motor supplier the requirements of GD’, torque vs speed
characteristics of fan and loads on motor from the drive affecting the selection of motor bearing,
rating & frame size etc. Vendor shall ensure that the motor supplier has selected suitable motor
as per motor specifications and datasheets for the conditions specified. Vendor shall obtain EIL
approval for drive selection before procurement of the same.

Vendor shall furnish design calculation for fan shaft and motor shaft to EIL along with fan
characteristic curves & motor datasheet for review/information. EIL comments, if any shall be
fully complied with, and if required shaft size to be revised as per calculations without any cost
and time implications.

7.23.20 Fan blades and assembly shall be halanced as per requirements of AP1 661 para (New)
7.2.3.7 and Balancing shall be according to ISO 21940 with balance quality grade G 6.3
or better

7.24 Fan Shafis and Bearings

7.2.4.0 Fans shall be provided with QD bushes (minimum 10mm thickness) for attachment to

(New) fan shaft. Fan assemblies shall be fitted with their own thrust bearing situated at the drive end

and a steady bearing at the outer end. The thrust bearing shall be capable of carrying any thrust
loads transmitted by the driver. The thrust bearing inner race shall be mechanically locked by
means of split rings to prevent accidental downward movement of shaft,

7.2.6 Fan Guards

1.26.1 Removable galvanised steel fan guard shall be provided on each fan for forced as
(Modified) well as induced draft units. A hinged door shall be provided on the fan guard of fan diameter
greater than 2m, to attend to problems without removing entire fan guard.

7272 Electric Motor Drivers
1.2.7.2.1 All electrical equipment shall be selected to suit the specified hazardous area
{Addition) classification, and the environment in which these have to operate. Area classification shall be as

specified in the enguiry documents.

Vendor shall provide plate guards made from galvanized steel plates on the motor assemblies to
avoid ingress of rainwater and capable of withstanding washing down by water hose. Details of
the guards shall be developed by the vendor and submitted for information.

7.2.7.2.10 Start and stop switches shall be provided for ACHE motors. Emergency stop switch

{(New) shall also be provided at the grade. Supply of switches shall be as per requisition/ bid document.
7.2.8 Couplings and Power Transmissions

= 1282 Bel Drives . . .
72.82.1 Belt drives shall be high torque type, positive drive belts and shall be procured from (Medified)

EIL approved suppliers list attached elsewhere in the Package/Material requisition.

72824 Belt drive tensioning means shall be adjustable without the need to remove the guard
{Addition) and without losing the alignment of the pulleys.

7.282.14 Pulley wheel shall be of cast iron or steel. All pulleys shall be dynamically balanced.
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{New) Pulleys shall be thoroughly cleaned of rust, grease, and dirt and shall be shop coated. Belt drive

pulleys shall be supplied by Vendors approved by belt supplier indicated in Para 7.2.8.2.]1 and
shall be certified accordingly.

7.2.82.15 Belts shall be heavy duty, oil resistant, antistatic, fire resistant and have neutral twist
(New) and shall be selected to suit the specified hazardous area classification. Belt drives shall not be
used for offshore applications where only gear box shall be used.

729 Yihration Sensors /

(Modified) Vibration Sensors / Probes & Transmitters shall be provided by vendor for vibration
measurement and automatically stop fans at high vibration, unless specified otherwise.
Vibration Sensors / Probes & Transmitters shall have the features as mentioned under point-(A)
below and Vibration switches shall meet requirements given under point (B) below.

(A) Yibration Sensors / Probes & Transmitters (as applicable):

a) Fans to be provided with Vibration Sensors / Probes & Transmitters for trip and alarm to
Purchaser’s PLC. Start and stop push button at operating platforms shall be provided. Stop
push button shall be provided at grade also.

b) Vibration Sensors / Probes shall be inertia sensitive type with the vibration range suitable
for the offered fan. Alarm and Trip Value shall be provided by vendor.

¢} The Vibration transmitters shall be two wired system, loop powered with 24V DC, 4-20 mA
output, load driving capacity of 500 ohm (minimum).

d) Vibration Sensors / Probes & Transmitters shall be weatherproof to [P63, Intrinsically Safe
suitable for specified area classification (IEC Zone |, Gas Group-lIC). In addition to the
certification from authorized agencies like CIMFR, FM, UL ctc., the Probes/ Transmitters
shall have the valid approval from statutory authorities of place of installation which is
PESQY CCE in case of Indian installations,

¢) Vibration Sensors / Probes & Transmiiters assembly shall have two cable entries as a
minimum, each of 4" NPT size. In case vendor standard model does not support two
entries, the Transmitter housing shall be supplied with integrally mounted 3-way junction
box. The junction box shall be certified for specified area classification, Flying Lead wires
are not acceptable. Additional openings shall be plugged with metallic blind plug.

f)  Vibration Sensors / Probes & Transmitters shall be located at motor suspension beams as
close to the motor as possible. Probes/ Transmitters shall be readily accessible for
maintenance from platform without any interference.

g) Cable between Vibration Sensor/Probe & Vibration transmitter shall also be supplied by the
vendor (consider cable distance of 30m for each Vibration Sensor / Vibration transmitier)
along with junction box for termination of purchaser 12/6 (shall be informed during detailed
engineering) pair signal cable. Junction box shall be weather proof to IP-65. Cable shall be
armoured type only. Further cabling from Junction box to purchaser’s PLC/DCS shall be in
Purchaser’s scope.

h) All cable glands from sensor to transmitter and from transmitter to junction box shall be
supplied by vendor. Cable glands shall be with PVC cover suitable for armoured cable. All
Cable entry to sensor/ transmitter & junction box to transmitter shall be ' inch NPT,
Vendor shall also provide cable gland for purchaser cable from junction box ol 1.5 inch
NPT. All unused entry ports in the junction box shall be provided with weather proof
metallic plugs,

i)  Vibration Sensors / Probes & Transmitters shall be supplied from manufacturer of repute
and model shall have proven references of operating for a period of minimum 6 months, in
the similar type of application. Vibration Sensors / Probes & Transmitters of prototype
design or not having proven references shall not be supplied.
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(B) Yibration Cut-out Switches:

a) Vibration switch shall have 2 nos. independent contacts for further wiring by Purchaser, one
for alarm m DCS & other for tripping in MCC. Vibration high high alarm and tripping of
fan shall be simultaneous. Start and stop push button at operating platforms shall be
provided. Stop push button shall be provided at grade also.

b) Vibration switch shall be inertia sensitive type with the vibration range suitable for the
offered fan. Set point shall be adjustable throughout the range i.e. [ to 100%, and shall be
adjustable externally without opening the switch housing. Switch shall have local as well
as remaote reset facility,

¢) Unless specified otherwise, switch shall be hermetically sealed type and provide
two independent gold-plated contacts i.e. either by one DPDT (preferable) or two SPDT
type cach rated for 240V AC, 5A and 110V DC, 0.5A.

d) Switch enclosure shall be weatherproof to IP65. Unless otherwise specified, the housing
shall also be certified flameproof and explosion proof suitable for specified area
classification (IEC Zone 1, Gas Group IIC). In addition to the centification from authorised
agencies like CIMFR, FM, UL etc., the switch shall have the valid approval from statutory
authorities of place of installation, which is PESO/CCE in case of Indian installations.

e) The switch assembly shall have two cable entries as a minimum, each of 1/2" NPT size.
In case vendor standard model does not support two entries, the switch housing shall be
supplied with integrally mounted 3-way junction box. The junction box shall be certified
flameprooffexplosion proof meeting above requirements.

f) Vibration switch shall be located at motor suspension beams as close to the molor as
possible. Switches shall be readily accessible for re-setting from maintenance platform
without any interference.:

g) Vibration cut-out switches shall be supplied from manufacturer of repute and the proposed
model shall have proven references of operating for a period of minimum 6 months, in the
similar type of application. Switches of prototype design or not having proven references
shall not be supplied.

7.2.10 Louvers
7.2.10.15 Requirements for each pneumatic actuator: -
(Addition)

(a) The positioner shall have mechanical pneumatic louver position feedback. For
electrical or electronic control signals, a I'P converter located at grade or local platform
shall be used.

I/P converter shall be of electronic feedback type unless specified otherwise and shall be
yoke mounted. It shall have an integral terminal housing. I/P converter with flying leads
shall not be acceptable. Unless otherwise mentioned, it shall be intrinsically safe.
Pneumatic connections shall be 1/4" NPT (F). The electrical connections shall be 1/2"
NPT (F). If they are different, suitable adapters shall be provided. The overall accuracy
of the I/P converter shall be better than 40.3%,

b) Each change in signal shall give a proportional change in louver angle from fully
closed to fully open repeatable to within 5 degrees for the same instrument air pressure
signal, increasing or decreasing,

c) There shall be a minimum of ane actuator per bay, a minimum of one actuator per unit
and minimum of one actuator per 15 m2 of louver surface arca.

d) The actuators shall be suitable for an air supply pressure of 10.5 kg/em2 (g) design, 4 107
kg/em2 (g) normal and 2.5 kg/em2 (g) minimum. Purchaser will specify the exact air
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7.2.10.17
(Modified)

7.2.10.19
{(Modified)

7.2.10.20
(Addition)

7.2.10.21
(Addition)

7.2.10.26

7.3

7.3.1.1
( Addition)

7.3.1.5
(Modified)

7.3.1.7
(New)

7.3.1.8
(New)

73.19
(New)
7.3.1.10
(New)
732

7322
(Addition)

supply pressure. Any pressure reduction system on the supply air shall be in Vendor's
scope.

) The signal 1o actuator shall be 0.2 to 1.0 Il:g.l"::m2 (g) for fully closed to fully open
position unless specified otherwise.

Where a single controller operates more than one actuator, isolation valves or other
means shall be provided by Vendor to allow maintenance.

With loss of control air pressure the louver shall lock in at *fully open position” unless
specified otherwise.

Provision shall be kept for manual operation of all louvers.

Provide legible indicator that indicates "angles of louver blade” and "open” or
"closed" position.

Louvers shall be procured from EIL approved suppliers list attached elsewhere in the (New)
Package/Material Requisition.

Structural Design

For ACHE to be installed in India, the Codes for structural design shall be Indian
Standard unless specified otherwise.

For induced draft units, tube bundles shall be removable without requiring removal

of the platforms. For forced draft units, the bundles shall be removable without separately
supporting or dismantling of the fan, plenum, or platforms and without requiring disturbance of
the structure or adjacent bays.

The structural design shall be done on a reputed software package based on stiffness
method of analysis e.g. STAAD PRO. Beams of length 6 m and below shall not have a splice
joint, however for length above 6 m one splice joint may be permitted subject to the following:

i) It is not located at the point of maximum bending moment or shear.

i) It shall be full penetration weld duly DP tested.

iit) Suitable size of connecting plate shall be welded on both sides of the web and preferably
inside of Mange.

In order to meet the vibration requirements it is preferred that the drive assembly
shall not be suspended from plenum but supported on the main column.

The structural assembly shall be done by bolting only so that the same can be easily
dismantled. However, structural modules like platforms and brackets may be pre-welded and
bolted to columns at site. Steel structure shall be shop assembled.

Piping support loads on structure, if specified by Purchaser. during detailed
engineering shall be considered by Vendor. 5 ’

Vibration Testing

Vibration check shall be made on each motor (both driving and non-driving ends).

This shall be done at shop. Motor base plate, fan or motor supporting beams, main structure
columns with all machines running individually and also with all machines running together at
their full load. Motor and bearing blocks shall also be checked for any abnormal heating by
running all the machines for sufficient time. Vendor shall arrange necessary instrumentation for
carrying out the vibration check and shall carry out modifications, if required.
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733

73335
(Addition)

73.3.7
(Modified)

7338
(Modified)

73.4

73.4.6
(Modified)

73.5

73.5.1
{(Modified)

73.5.2
(Modified)

7.3.5.3
(Addition)

1.3.54
{ Addition)

7.3.59
(New)

7136

7.3.6.1

{Addition) =

7.4
(New)

8.

B.1.1

Structural Design Loads and Forces

Thermal force reaction shall be based upon an effective coefficient of friction equal
to 0.3.

For ACHE to be installed in India, Wind load shall be in accordance with [S-875,
unless stated otherwise,

For ACHE to be installed in [ndia, Earthquake forces shall be in accordance with
1S-1893, unless stated otherwise.

Plenums

Minimum thickness of steel sheet material used in construction of plenums shall be

be 2.8 mm (12 gauge) minimum, if the construction is transition type or straight box type. If it is
inclined panel type as in case of induced dralt then the minimum thickness shall be 3 mm for fan
diameter up to 1.2 m (i.e. 4 feet) and 4 mm for larger size of fans.

Mechanical Access Facilities

Access platform shall be provided on all four sides of a continuous bank of bundles.
Stair shall be provided on one side and ladder on the other side.

Maintenance platform shall be provided, unless specified otherwise, beneath each

drive assembly to provide access for removal and replacement of all drive components. An
unobstructed platform area extending at least 900 mm in any plan dimension on all sides of the
driver and drive components shall be provided. However, such platforms shall not extend
beyond the bay plan limits. Ladders shall be provided for access to induced fan for maintenance.

Fan and motor assemblies shall be designed for remote lubrication from maintenance platform
without shutting down the equipment. Suitable S8 tubing ('4"diameter) shall be provided outside
the fan and motor guards to permit lubrication of fan shaft bearing and motor shaft bearing

without shutting down the fans and/or motors. These connections shall be accessible from
maintenance platform and terminated at one point. Vendor to develop detailed drawing.

Platform for header access shall have minimum clear width of 900 mm,

Grating shall be provided. These shall be anti-skid type, removable with maximum
length of 1.5 m,

Headroom clearance of 2200mm below motor suspension shall be maintained.

Lifting Devices

Positioning of lifting lugs shall be such that horizontal balance of bundles is obtained.

- -

Roofing
Roofing shall be provided if specified by Purchaser and covening shall be of asbestos sheet

unless specified otherwise.
MATERIALS

All materials shall be new. Material of construction may be specified in the
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(Addition) requisition or data sheets in the general terms. Materials shall conform to relevant ASME

specifications, or equivalent thereof.

MDMT shall be taken as 0°C or the design temperature specified in drawing or datasheet
whichever is lower, unless specified otherwise in design basis or datasheets or drawings. For low
temperature service (0°C and colder), unless exempted by ASME Section VI, Div. |, Paragraph
UG-20 () and Paragraph UCS-66, all Carbon & Low alloy Steel materials (for pressure parts
and attachments to pressure parts) shall be impact tested at the MDMT or colder and meet

requirements of ASME, Section VIII, Division 1, Paragraph UG-84.

812 Cast iron including nodular ductile iron shall not be used for pressure components
{Modified) in any service.

8.1.3/5 For painting and hot dip galvanizing refer clause 11.2

(Modified)

3.1.7 Pressure part plates having thickness 16 mm to 50 mm (both inclusive) shall be UST
(New) as per ASTM A-435.

Pressure part plates having thickness above 50 mm and all plates to be used for tube sheet and
plug sheet shall be UST as per ASTM A-578 Level B. No laminations or inclusions shall be

permitied.
8.1.8 Tubes
(New)
i. All the tubes shall be seamless and cold drawn.
il. Product analysis of tubes shall be carried out and reported.
iii. CS tubes shall be in annealed condition.
iv. S5 tubes shall be in solution-annealed condition.

v. Actual vield strength and maximum hardness of tubes should be checked at the time of
procurement and it should be ensured that these are lower than those of tube sheet, in order
to achieve a sound expanded tube-to-tube sheet joint.

vi. Tubes shall be eddy current tested in addition to hydro test at the mill. For eddy current
testing entire metal column of the tube shall be used.
vii. lydro test pressure shall be higher of actual exchanger pressure or as required as per
ASME Section II.
819 All pipes shall be seamless and hot finished. dimensions and tolerances shall be in
(New) accordance with ASME 36,10 or 36.19 as applicable per material specification.
2.1.10 CS5 or LTCS MATERIALS (Pressure Parts or Non-pressure parts welded to
(New) pressure parts or parts wetted by the fuid in tube side)

a) Ca}hon content shall not exceed 0.23%.
b) Plates shall be in normalised condition.
¢) Useof SA 515 is not permitted.

d) CS plates above 50 mm thickness shall also meet the following additional requirements of
SA-20:
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i} Vacuum treatment as per the supplementary requirement S1. If vacuum degassing is not
reported in the test certificates, through thickness test as per SA 770 shall be conducted
and minimum reduction in area of 35 % shall be ensured.

ii) Charpy V-notch test as per supplementary requirement S5 of specification SA-20.
Material meant to be used for design temperatures warmer than 0°C, impact test shall be
carried out at 0°C or MDMT whichever is lower and acceptance criteria for energy
absorption shall be as per Table A2.15 of SA-20. In case acceptance criteria is not
available in SA-20, then applicable design code shall be referred unless otherwise
specilied in requisition. Orientation of test bar shall be transverse to rolling direction.

¢) Unless specified otherwise in requisition or bid document, all CS materials specified as HIC
tested shall meet the requirements of specification: 6-79-0012 or 6-79-0013 (as applicable).

f) CS pipes shall be SA-106 Gr. B for MDMT greater than — 29 °C, unless otherwise specified.
For MDMT less than and equal to— 29 °C, CS pipes shall be SA 333 Gr. 1 or 6.

8.1.11 LAS MATERIALS (Pressure Parts or Non-pressure parts welded to pressure
(New) parts or parts wetted by the fluid in tube side)

a) All LAS plates, pipes and forgings except C-/4Mo materials shall be in normalised and
tempered conditions.

b) Accelerated cooling from an austenitizing temperature by liquid quenching followed by
tempering (N + ACC. + T) is also acceptable for plates. Irrespective of thickness, LAS
plates shall meet the requirements of’ APl RF 934 (part as applicable).

¢) For 1%4Cr- sMo materials the maximum room femperature lensile strength of all pressure
containing components, materials and welds shall be 100000 psi.

d} For LAS tubes (SA 209 and 213) hardness test shall be performed on outside of the tubes as
per ASTM A-450.

e) For LAS plates above 50 mm thickness, following supplementary requirements of SA-20
shall also apply.

i) Vacuum treatment as per supplementary requirement S1. [f vacuum degassing is not
reported in the test certificates, through thickness test as per SA 770 shall be conducted
and minimum reduction in area of 35 % shall be ensured.

il) Charpy V-notch impact test as per supplementary requiremernt S5 with:

Test temperature; Minus 18 °C or MDMT whichever is lower. For 5Cr-
0.5Mo materials, test temperature shall be ) °C.
Acceptance Criteria: As per Code
Orientation of test bar: Transverse to the direction ef rolling.
8.1.12 S5 MATERIALS (Pressure Parts or Non-pressure parts welded to pressure parts
{New) ar parts wetted by the fluid in tube side)

a) All SS material (300 series) shall be in the solution annealed and pickled condition. All
stabilised grades of SS (i.e. §S 321, SS 347 etc.) shall be given stabilisation treatment in
addition to solution annealing. For all stabilized grades of stainless-steel malerials, soaking
temperatures for stabilization heat treatment shall be 915°C + 10°C and soaking periad shall
be minimum of 4 hours (2 hours for thickness < 3.5mm).
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8.1.13
(New)

8.1.14
(New)

84

842
{Addition)

843
(Modified)

8.5

8.5.1
{Addition)

Bs52
(Modified)

856
(Modified)

8.5.7
(New)

8.5.8

b) All S8 (300 series) plates shall be hot finished with No. 1 finish on both sides. Cold rolled
plates, if permitted by requisition, shall have No. 2B finish.

¢) S5 (300 series) materials shall be procured with the IGC test as per ASTM-A 262 (test shall
be carried out, afler the specified heat treatment and sensitisation per specification) with
acceptable corrosion rate and practices as under:

1) All services except nitric acid service - Practice E shall be followed, Specimen after
exposure shall be bent as per mentioned in A 262 Practice E and shall be examined at a
magnification of 200 X. The bent specimen shall be free of any cracks or grain
droppings. The microscopic examination result shall be submitted to Al for approval

ii) Nitric acid service - Practice C corrosion rate <635 micro-m per annum,
d) All Duplex and Super Stainless steel materials shall meet the requirements of 6-79-0015.

All forgings except nozzle flanges less than 10"NB shall be 100% UST as per ASTM
A-388. Acceptance standard shall be as per AM 3.3.4 of ASME Sec VIII Div. 2.

All steel sections, plates and other miscellaneous structural steel materials shall be
free from loose mill scales, rust as well as oil, mud, paint or other coatings.

The materials, construction specifications such as dimensions, shape, weight, tolerances, testing
etc. for all structural materials shall conform to IS 2062 Grade A or equivalent, unless specified
otherwise,

Louvers

Louver bearings shall be guaranteed for life and shall never require lubrication.

Louver blades shall be made of corrosion-resistant material like aluminium. Louver
frame shall be made of aluminium or steel. Steel louver frames shall be hot dip galvanized,

Other Components

Aluminium fin material shall not be less than 99.5% pure (SB 209 Alloy 1060).
For offshore applications fin shall be to SB 209 Alloy 3003 Temper O.

Fan blade material

Fan blades shall be of aluminium alloy. Aluminium alloys for fan blades shall be selected 1o be
resistant to stress corrosion cracking. Fan hub and blade material shall be non-sparking type.
Copper content in aluminium blade should not exceed 0.4%.

If specifically indicated by Purchaser, FRP blades may be used. FRP blades shall be used only
for forced draft units. FRP blade fans shall meet all the requirements of EIL specification 6-15-
0072,

Solid metal gaskets for shoulder plugs shall be dead soft annealed. It is recommended

that Soft Iron and Soft SS gaskets for plugs shall have hardness of minimum 15 BHN less than
the material of plug and plug sheet. Hardness of Soft Iron gaskets shall not exceed 90 BHN and
that of Soft SS gaskets shall not exceed 140 BHN. This shall be a hold point for Al

Fan shaft shall be to either SA 105 or EN 24 (hardened and tempered and UST). CS
pipes may be used for shafl housing. Bearing housing shall be to SA 105,

Material for instrumentation valves and tubing shall be S5, All instrumentation shall
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(New) be suitable for the hazardous area classification for electrical safety.
8.6 In case fire proofing of air cooler structure is required, structure columns and beams
(New) shall be provided with welded nuts as per EIL standard.
9. FABRICATION
2.1.1.1 All welding procedures shall be submitted to Al for approval. All welding shall be
{ Addition) done with electrodes, fillers and fluxes of reputed make with proven reproducibility of results.
Brand names shall be specifically approved by AL Only low hydrogen electrodes shall be used
for all CS pressure parts welds.
9.1.1.3 Backing strips shall not be used.
{ Addition)
9.1.1.5 Hardness limitations for base metal, HAZ and welds shall be as per 6-15-0091.
(Addition)
9.1.16 Repairs to base material and welds shall not be made without the approval of the
(New) Purchaser or Al
9.1.1.7 Requirements of 6-79-0016 shall be complied with for welding of Duplex and Super
(New) Duplex materials.
9.1.1.8 Non-pressure attachments, such as lugs or structural steel supports, shall be attached
(New) to the pressure parts with a continuous weld. All double fillet welds in contact with hydrogen
stream shall be vented. All LAS weld attachment to pressure retaining ¢component shall be full
penetration weld and ground to a smooth concave contour.
912 Plug Headers
9.1.2.1 Partition plates and stiffening plates to plugsheet and tubesheet welding shall he full
{(Modified) penetration welds,
913 Removable Cover Plate and Removable Bonnet Headers
9.1.33 Stiffener plates 6 mm thickness shall be provided to stiffen the flanges of all flanged
(New) headers at a spacing of approximately 250 mm. These shall be spaced as not to interfere with the
bolts and noizles.
9.2 Post Weld Heat Treatment
9.23 Far hydrogen, sour, amine and caustic service, minimum stress relieving tem perature
{Addition) for Carbon Steel. For Alloy steel, the minimum stress relieving temperature shall be as per Code.
9.3 Tube-to-tube sheet Joints
933 Expanded tube-to-tube sheet joints :
93.3.0 Expanded tube-to-tube sheet joints shall be in accordance with EIL specification no.
{(New) 6-15-0004.
934 Welded tube-to-tube sheet joints
9340 Welded tube-to-tube sheet joints shall be in accordance with EIL specification no.
{(New) 6-15-0003 for ferritic and austenitic materials. Seal welded joints are not acceptable.
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9.6 Alignment and Tolerances
9.6.1 Grasket flange faces on stacked units shall not be out of parallel by more than 0.8 mm
{ Addition) (1/32 inches).
0.6.5 The face of each gasket contact surface shall lie between two parallel planes (0.8 mm
(New) (1/32 inches) apart.
0.6.6 Tolerance on tube length after fining shall be —0mm, +3.0mm
(New) Tolerance on fin OD shall be -Omm, +0.8mm
9.8 Finishing
(New) All welds in the area 250 mm from the ends in the bottom of header (where the header is resting

on frame channel) shall be ground flush. In a split header all welds in bottom plate of top header
and top plate of bottom header shall be ground flush. Inside corners of openings for nozzles to
be rounded off to 3 mm radius.

10. INSPECTION, EXAMINATION AND TESTING
10.0 All materials for pressure parts and non-pressure parts welded to pressure parts shall
(Mew) be accompanied by mill test certificates duly certified by reputed third party agency or by the

representative of the Purchaser. In absence of mill test certificates the material shall be got tested
and certified from a reputed third-party agency like EIL, Lloyds, BV, DNV, ete. and the test
results shall be submitted in lieu of mill test certificates. All cost towards such testing and
inspection shall be borne by Vendor. All material shall be inspected at Vendor’s or sub vendor's
shop for verification prior to use on the job. The decision of Al to accept or reject materials on
the basis of such testing shall be final.

All structural material shall be accompanied by quality certificates. In case the certificates are
not available, or are incomplete or when the material quality differs from standard specification,
such materials shall not be used. However, Vendor shall get all appropriate tests conducted in
approved test houses for such materials as directed by Al without claim to extra cost and submit
the same to the Inspector for his approval. Al may approve the use of such materials entirely at
his discretion,

All flame proof electrical equipment manufactured in the country shall have CCE approval
certificates along with a valid BIS license. Electrical equipment with area classification as Type
‘e’ or Type “n’ shall have CCE approval. All imported electrical equipment shall have a similar
certificate from the country of origin.

10.1 Quality Control

10.1.2 Radiography

(Modified) Minimum radiography shall be spot. Radiography shall be 100% if the thickness of
weld exceeds 30mm for CS and for all thickness of LAS plates. For hydrogen, lethal, sour,
amine and caustic service 100% radiography shall be done irrespective of thickness.

Radiography can be substituted by 100 % UST provided either a print out is submitted
or Al witnesses the examination. If radiography is being substituted by UST, magnetic particle
examination shall be carried out in addition to UST.

However, when supplemental requirements as per Para 12 are applicable or if required by Code,
substitution is not permitted and 100% radiography only shall be done.

Wherever radiography 15 indicated as full all long and circumferential seams including flange to
neck, pipe to pipe and pipe to fitting shall be 100% radiographed.
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10.1.4 When spot radiography is indicated, it shall mean 10% of weld length (minimum one
(Modified) shot) for each weld configuration to be radiographed with a minimum of six radiographs of at
least 250 mm length each in one header box as detailed below:
a) One shot each of the four long seams between top/bottom plate and tube sheet/plug sheet.
b) One shot for any one of the welds of side plate to top and bottom plates.
c) One shot for any one of the welds of side plate to tube sheets and plug sheel.
10.1.6 When set-on connections are used, the header plates shall be UST in the area of
(Addition) attachment for a radial distance equal to twice the thickness of plate and no laminations shall be
permitted.
10.1.7(d) Weld hardness shall be as per Table 12. However, additional hardness limitations for
(Modified) materials, welds and HAZ wherever specified on drawings or datasheets or specifications and
for LAS materials shall be as per 6-15-0091, Hardness for Duplex and Super duplex materials,
welds and HAZ shall be as per 6-79-0015 and 6-79-0016. Hardness limitation for tube-to-tube
sheet welding shall be established on a mock up.
10.1.8/9 Tubes shall be manufactured full length without any circum ferential welds.
(Modified)
10.1.15 All nozzle attachment welds and pass partition plate to header plate attachment welds
(New) shall be examined by MP or LP test for crack detection. Examination shall apply to root pass
after back chipping or flame gauging (where applicable) and to the complete weld.
10.1.16 When impact tests are required on material as per Code or specification the welds
(New) shall also be qualified for impact test. In such case following special requirements shall apply to
the welding procedure qualification:
i) Qualification tests shall be made on plates of the ASME specification as specified for the
ACHE using welding electrodes of AWS/SFA specification and wire & flux of the
specification and brand as are to be used on the job.
ii)) Welding current and travel speed shall be considered essential variables in order lo ensure
that production welding is substantially equivalent to the procedure qualification.
iii) Welded test plates shall be subjected to a total thermal history expected of the finished
ACHE. Additionally, one extra stress relieving cycle shall be considered for site repair,
iv) Charpy V-notch impact tests shall be made on the weld and heat affected zone of the test
plate for each welding procedure to be qualified. Test procedure shall be in accordance with
UG 84 of Code. Test temperature shall be MDMT. Impact energy requirements shall be as
per Table 2.15 of SA 20 of ASME Sec. Il Part A or UG 84 of Code whichever is stringent.
10,1.17 MP or DP test of finished welds shall apply also to all header materials greater than
{(MNew) 38 mm thickness.
10.1.18 It shall be ensured that all LAS and S8 materials are finally check tested by a PMI
(New) analyser before despatch of the equipment. All LAS weld joints shall be UT examined
from accessible side after PWHT.
10.1.19 In addition to stamping the specification and manufacturers’ symbol as specified in
(New) ASME, on one of the ends the size of the studs shall be clearly punch marked. Similarly, the nuts

shall have the size punch marked on one of the faces. In case of tapped hole, the size shall be
punch marked near the hole without disturbing the gasket seating area. Further, for all alloy and
S8 bolts & nuts shall also be identified by distinct colour marking at the stud end and bolt side

face,
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10.2 Pressure Test
10.2.3 Potable water with chlorides less than 25 ppm by weight shall be used in hydrostatic

(Maodified) testing of units with S8 or monel materials exposed to the test medium.

10.3 Shop Run-In Tests

(Modified) Vibration test, noise level test, etc. those are necessary to ensure smooth running of ACHESs shall
be conducted by Vendor at shop or site. If the site erection is not in Vendor's scope, Vendor
shall provide site supervision and supply all necessary material and instrumentation,

1. PREPARATION FOR SHIPMENT

11.1 General

11.1.1 All units shall be dry, thoroughly cleaned and free from loose scale and other foreign

{Modified) matters before shipment.

11.1.2 Tube bundles shall be completely dried by passing hot air for sufficient time until no

(Addition) increase in relative humidity of outgoing air is observed. Altematively, vacuum drying is also

acceptable. After drying all CS and LAS bundles shall be purged with dry nitrogen at (.25
kg/em?. The bundle shall be provided with pressure gage to monitor nitrogen pressure and 1/2"
non-return valve.

.13 All connections not pmvid-ad with blind shall be provided with gasketed steel covers

(Modified) fastened by four bolts or 50% of the required flange bolting whichever is greater.

11.1.6 Fin tubes shall be protected with heavy-duty wire mesh duly stiffened to prevent

(New) damage by personnel walking on top during shipping, handling, erection etc. The protective
cover including the heavy-duty wire mesh shall be hot dip galvanised.

11.1.7 During transport and storage, a maximum of two bundles may be stacked provided

{New) sufficient precaution is taken to prevent damage.

11.1.8 Complete Packing list with Box numbers, Part nos., Part Name, weight of Boxes shall

(New) be furnished along with consignment/documentation to site/ warehouse in sufficient copies.

Storage Instructions shall be furnished along with consignment and necessary cautions to be
mentioned on the parts and components while packing.

11.2 Surfaces and finishes

11.23 The primer shall be inorganic zine silicate (65-75 microns dry film thickness) for

{ Addition) design temperatures up to 400°C and Heat Resistant Silicone Aluminium Paint (20 microns dry
film thickness) for design temperatures above 400°C, unless stated otherwise. The header shall
also be given final coat of paint as specified by Purchaser. The air side face of tube sheet shall be
painted after stress relieving (in case of CS or LAS) and before drilling of tube holes. The paint
shall be suitable for corrosive industrial and coastal environment as applicable.

*11.2.5 All structural steel not galvanised shall be prepared to mear white sandblast finish to
(New) [SO 8501-1, grade Sa 2'/; and then given an inorganic zine silicate primer coat of 0.075mm
DFT.
11.2.6 All structural parts of tube bundle frame, plenum chamber. motor suspension
(MNew) assembly, shaft housing, gratings for stairs and platform, all guards etc. shall be hot dip

galvanised. Bolting shall be electro galvanised,
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12. SUPPLEMENTAL REQUIREMENTS
12.1 General
(Modified) The supplemental requirements shall apply if the design pressure exceeds 70 kg/em?(g) or when
the plate thickness of a box type header exceeds 50 mm or when the exchanger is in lethal or
critical service. Whether the service is lethal or critical shall be defined by Purchaser.
12.2 Design
122.1 Top/bottom plate to tubesheet/plugsheet joints shall be butt welds with tube sheet/plug
{ Addition) sheet having a hub meeting the requirements of Fig UW 13.3 (a) or (b) of Code.
1222 All tubes shall be strength welded to tube sheet. Seal welding is not permitted.
(Modified)
123 Examination
123.15 PTCs are required for all butt welds if the weld thickness exceeds 50mm for CS and
(New) 25mm for LLAS, or when required by the specifications or Code. The following shall apply: -

a) Two PTCs representative of the weld between top/bottom plate and tube sheet/ plug sheet
shall be provided for each procedure, position and thickness. One of the test plates shall be
provided for the closing joint of the plug type header.

b) PTC shall be from material of the same heat and thickness as of parent metal. During and
after welding PTC shall be subjected to same heat treatment as and together with the course
they represent, extra PTC shall be preserved to take care of eventuality of retests.

c} Following tests shall be carried out as per methads of testing given in Code:

i) One transverse tension test (Ultimate Tensile Swrength, Yield Strength and
percentage elongation shall not be less than those specified for base material)
i) Two sude bend tests with weld located in the center of bend.
iii) One hardness test on PTC weld and HAZ
iv) Micro and macro examination of welds.
v) For CS material charpy V notch tests on weld and HAZ shall be carried out as
follows:
a. For low temperature service (MDMT < 0 °C) the test temperature shall be
MDMT.
b. For service with MDMT > or equal to 0 °C, the test temperature shall be 0 °C.
¢. The acceptance criteria for energy absorption shall be as per table A 2.15 of SA
20 of ASME Sec. 11 part A or UG-84 of Code whichever is more stringent. -
vi) For LAS material charpy V notch tests on weld and HAZ shall be carried out. Tesl
temperature and acceptance criteria shall be as indicated in Para 8.1.11 (d)(i1) above.
13. SPARES
(New)

Mandatory and 2 years maintenance spares including spares for electrical and instrumentation
parts shall be as indicated in the enquiry documents. Vendor shall include the mandatory spares
in his item rate and indicate unit rate for 2 years maintenance spares, unless specified otherwise,
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SCOPE

This specilication covers yencral requirement of hardness of base metal, weld and heat-
affected-zone (HAZ) and i3 applivable to all C-% Mo, Cr-Mo steels and other materials
whenever asked for in drawings’ specifications/standards.  All testing shall be done after
PWHT.

HARDNESS REQUIREMENTS

Hardness in base metals, weld and heat affected zone as per ASTM T1{ shall not excesd the
following:

For Pl matcrials - 200 BEN
For P3 & F4 materials - 225 GIIN
For P5 & P6 materials - 235 BHN

WELDING QUALIFICATION TEST

Fur cach wetding procedure qualification six tests shall be made, three in weld metal and three
in LIAY. Hardness requirements shalt be as per ¢l. 2.0 above,

In addition to the veguircment of 3.1 above, Vickers Micre hardness test shalf be made on a
full cross-section at 23 mm intervals beginning at 3 mm from the top surface with 5 kg load or
with a load approved by the suthonized inspector. ‘Tests shall be made at each kevel for each of
the following locations as per ASTM F 92

Three tests shall be made in the weld mehils, two fests in HAZ snd one test i the buse metul
in accordance with Fig. | and the hardness shall not exceed the following in base metal, weld
metal and HAZ.

For Pl materials -2I0VIN
For P3 & P4 mutenals -237VHN
For P3 & Po materials - 247 VHN

PFRODUCTION TEST

All pressure containing weld metals are to be checked for hardness of weld and [IAY after
PWIIT but belore hydro-test. The hardness shall not excosd the value stipulated.

Eiach longitudinal secam shatl be checked both internally and externally near the center and at
one cnd.

Euch circumfcrential weld shall be checked at four locations approximately 90°apart, both
internally and cxternally.

Euch nozzle weldments shall be checked at two locations, 180" apart, both intemally and
externally.
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In case the hardness as obtained on production test is more than the lTimit specified in 2.0
above, the vendor shall submit the commective procedure to lower the hardness in writing to
EIN. andior authonized inspeclion ageney for review/approval.

BRINELL HARDHESS TEST
HEAT AFFECTED ZONE (TYF}

\HEHT AFFECTED ZONE

FIG.A- HARDNESS REQUIREMENT ON TEST COUPONS
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Abbreviations:
ANSI : American National Standards Institute
API : American Petroleum Institute,
ASME : American Society of Mechanical Engineers
ASTM : American Society for Testing & Materials
BASEEFA British Approval Service for Electrical Equipment in Flammable Atmospheres
BOC : Bidder’s Qualification Criteria
CIMFR 2 Central Institute of Mines and Fuel Research
CSA : Canadian Standards Association
CRCA : Cold Rolled Close Annealed
ERTL : Electronics Regional Testing Laboratory
FM™ : Factory Mutual
GA ] General Arrangement
IEC : International Electrotechnical Commission
IS : Indian Standard
LCIE : Laboratoire Central des Industries Electriques
MOC : Material of Construction
PESO : Petroleum and Explosive Safety Organization
PFTB : Physikalisch-Technische Bundesanstalt
S0B : Shut-Off Blade
50V : Solenoid Valve
TQ ; Technical Questionnaire
UL ; Underwriter's Laboratories
LON : Linless Otherwise Noted
VDR : Vendor Data Requirement
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1.0 GENERAL
1.1 This specification outlines the minimum requirements for the design. materials. fabrication.

1.2

1.3

2.0

2.1

testing. inspection, packing & forwarding of dampers and shall be supplemented by the
supplier to ensure that the supplied dampers are of proven quality. This document shall be
read in conjunction with tender specifications along with its attachments.

Dampers are required for isolating, regulating gas / air streams in the waste heat recovery /
air preheating schemes in furnaces, gas turbines / boilers etc. These dampers shall be installed
in ducts / stacks which may be internally or externally insulated. The damper assembly shall
comprise of both the damper and its control facility. The dampers (Louvre and Guillotine
Dampers) covered under this specification are required to be supplied completely shop
assembled and tested, ready for bolting / welding into the duct work.

All isolating louvre dampers may have parallel blade motion while all control dampers shall
be precision control devices with opposed blade arrangement. Dampers located at the fan
suction shall have blades with parallel closing movements opposite to the fan rotation.

The expected design life for the Damper is 15 years. Dampers should be suitable for outdoor
operation under ambient dusty conditions.

The guillotine dampers (also called shut-off blades) shall be only ON/OFF type. No
regulation shall be performed by these dampers. It is extremely important to ensure either
complete retraction or complete insertion of the blade in or out of the duct work. Guillotine
dampers shall be designed to provide 100% sealing across the duct and 99.5% sealing (based
on normal flow) w.rt atmosphere, unless otherwise given elsewhere in procurement
specification.

SCOPE OF SERVICES & SUPPLY (DAMPERS & SHUT OFF BLADES)

Scope of Supply

Supply shall include the following as a minimum:

i) All steel work including stainless steel materials for various components like seals
ele.

i) Shaft, shaft block, shaft bearing, blades.
iii) Cylinder. linkages. evebolts.

iv) Winch-Pulleys and cable with position indicator shall be provided at damper
operating platform level and if specified in datasheet at grade level.

v) Pneumatic / electrical / manual actuating system including actuators
Vi) Electric geared motor as applicable, chain and sprocket
vi)  Gearbox with hand wheel or chain with pulley for manual operation of SOB's

viii)  Refractory, its anchors (type and tie back MOC shall be as per mating duct). if
required

ix) Control panel with electrics and instrumentation, as required

) Cabling from panel to individual Dampers / Shut off blades

Format No_ 8-00-0001-F1 Rev 0 Copynight EIL — All rights reserved
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Y Counter weight / volume tank (if required).

22

3.0

3.1

302

xil)  Supply of any loose instrument duly tagged

xiii)  Supply of mandatory spares.

xiv)  Supply of Recommended spares (if ordered by Client)

xv) Stainless steel name plate and flow direction arrow

xvi)  Necessary lifting arrangement

xvii)  Painting & Packing

xviii) Any item not specifically mentioned here but required for completing the Job

It shall be Supplier’s responsibility to procure above items and assemble / install them at his

workshop. The complete system shall be assembled, tested at shop by the Supplier, prior to

dispatch to site.

Scope of Services

Supplier shall include the supply of following services as a minimum, in their scope:

- Sizing & complete mechanical design including actuation system ensuring that
Damper cater to all the fail-safe / interlock actuation requirements, as specified in
datasheets

- Preparation of relevant drawings and documents as per VDR

- Inspection Services

- To carry out necessary leakage and functional testing at shop
. Supervision of site erection & certification for correct installation and operation.

- CGuarantees
DESIGN AND CONSTRUCTION (FOR LOUVRE AND GUILLOTINE DAMPERS)

The design of dampers shall meet the performance requirements as outlined in data sheets
enclosed with the Tender / Requisition. In addition to the requirements given below, Design
of Damper shall also comply to the requirements of API-360.

Frame

All dampers shall be suitable to be bolted in duct work through necessary flanges, bolting /
gasket. Wherever, welded interface is required (like in stacks etc.) the frame shall be supplied
in suitably beveled condition, LJON.

Dampers shall be considered structural members and as such shall meet all structural design
criteria of API Standard 560 / IS 800. Damper frames shall be channel type either rolled
structural shapes or formed from plates. Frames shall be formed from min. 10 mm thick plate
or plate thickness of interfacing element whichever is maximum with face-to-face
dimensions to suit datasheets / functional requirements. The flanges on damper frames with
flanged connections shall be 3.2 mm (1/8 in.) thicker than any ducting mating flange and
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include a flatness requirement of +/- 1.5 mm (1/16 in.) for every 914 mm (36 in.) of flange
perimeter. Sections of the frames shall be determined on the basis of external loading coming
on the dampers. In any case damper frame shall be capable of taking minimum 3 tons dead
load for damper handling air service and minimum 6 tons of dead loads for dampers handling
flue gas service.

Guillotine dampers shall normally have open frame construction. For positive pressure or
high temperature systems (i.e. Hot Air Ducts and Flue Gas Ducts). a fully enclosed bonnet
shall be used.

313 For inside lined dampers with sealing requirement of > 99.5%, the dam pers shall have a
floating inner frame (dual frame construction) so that no temperature differential stresses are
imposed on the outer frame and the required sealing efficiency is achieved during operation.
Enough clearance shall be kept between blade and frame to allow for expansion, so that
blades do not get stuck while operating at high temperature. As a minimum an expansion
gap around the perimeter of the damper blade equal to 1.5 times the calculated thermal
expansion (based on the blade materials at design temperature) or 12.5 mm (' in.) gap.
whichever is greater.

3.14 Unnecessary reduction in frame size leading to permanent blockage of flow area and reduced
blade sizes. is not acceptable unless required as per the process requirement.

3.1.5 For Guillotine dampers stay bars shall be provided in the duct work depending on the gas
pressure and temperature. These stay bars shall support the blade and add 1o the stiffening of
the blade. Material for stay bars shall be same as that of blade.

ERN Lifting lugs shall be provided on the frame. Lifting lugs be designed to support the weight
of the fully assembled damper and its auxiliary components with a jerk factor of 2.0,

3.2 Blades

3.2.1 Louvre blades shall be aerodynamically shaped with aerofoil construction of two plates

around a central shaft to minimize both pressure drop and deflection. For blade of aerofoil
design, the central shaft may consist of a structural member as a Central axial support of the
blade. At each end, round stub shafis are spliced into the axial structural member with
suitable clearances to prevent buckling of the shafis, as it thermal Iy expands. The stub shaft
pass through the bearings mounted on the damper frame. The damper design pressure and
design differential pressure shall be used for structural design considerations with the damper
blade in the closed position. To reduce the potential for blade deflection and warping or
developing thermal stress across the shaft. for structural design calculations the design
differential pressure shall be maximum of 10-inch (254mm) WC or pressure specified in
datasheet and maximum design temperature shall be as per the datasheet. Blades shall be all
welded construction with no hardware which might vibrate loose within the duct. Blades
shall be assembled to frame in such a manner that easy removal of blade is possible,

322 Blade deflection shall be less than 1/360 of the blade span. Stress of each blade assembly,
based on maximum system design loading determined by the moment of inertia through the
cross-section of the blade assembly. shall not exceed levels specified in AP 560.

323 Multi-blade Louvre dampers shall have maximum blade width 762 mm. Each blade shall
have approximate equal surface area. Single blade damper shall be limited to 1.2 m2 of duct
internal cross-sectional area.

324 Control dampers shall be multi-blade type with even number of blades. However, if damper
size is too small (upto 500 mm * 500 mm) control shall be achieved by one blade only.
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325 For guillotine dampers the blade construction shall be such that it gives required sealing for

the operating conditions as specified in data sheets with blade in both close and open position.
To achieve required sealing single blade. double blade, flex seal type or any other proven
construction may be used. For single blade construction, the blade shall extend beyond the
seals on all four sides into atmosphere, ensuring required sealing efficiency,

326 The option of seal air fan shall be provided only if specifically called for in the Job
specification. The seal air fan shall provide seal air barrier in the inner space between two
blades / inner space between blade frame and flexible metal seal may be provided. Seal air
fan shall be sized with enough margins as to supply a seal air barrier pressure of minimum
75 mmWC more than that of duct pressure.

327 For high temperature gases. Supplier to ensure against blade distortion / warping while blade
is retracting.

328 Material of construction of Blade shall be based on design temperature / composition of
medium in contact and as per specific requirements of data sheets. In case of C.S. blades. a
corrosion allowance of minimum 1.5 mm to be considered on each exposed surface of blade

thickness.

329 The min. single blade thickness shall be 6 mm. In case of aerofoil blades the min. thickness
shall be 3 mm. however the overall stiffness of blade shall be equivalent to min, 6 mm thick
plate

3.2.10 Damper blade attachment hardware shall, as a minimum, be the same material as the blades.
3.3 Seals

331 All seals will be permanent type which requires no adjustment or replacement. Deforming
seals which may fatigue, crack, warp or take permanent set are not permitted. Gaskets that
may erode, abrade or deteriorate are not permitted. The seals shall be of min. S8-316
metallurgy, which allows for frequent cyclic operations and sustain the design gas pressure,
temperature. In addition seals on control dampers should be capable of withstanding high
localized gas velocities without erosion or ripping off. These should preferably be held
positively on both sides of the blade landing bar as the case may be.

332 In case of louvre dampers, shaft seals shall be provided on outside of the frame, wherever
shaft is coming out of the frame. These shaft seals shall be suitable for the gas pressure and
temperature conditions given in the data sheet and shall be replaceable from outside.

333 For guillotine dampers flexible metallic sealing system shall be provided to achieve required
sealing. The seals provided shall be easily replaceable from outside and shall have a
removahle weather protection on all four sides. The metallic seals shall be mounted on steel
posts outside the duct flow passage. This shall ensure no tearing away of the seals when the
gas flow is occurring with the blade retracted. The seals shall ensure sealing of the duct cut
out when blade is retracted. The blades shall rest against support angles and rods and tightly
held to ensure specified sealing. All Guillotine damper’s seals shall have protection from

weather.
34 Shafts
34.1 Material of construction of shaft shall be suitable for process conditions and fue gas

composition as given in Tender specifications / data sheets.

342 The Damper shaft shall be of $S-304 or higher metallurgy. This shall avoid corrosion and
consequently jamming of damper blade after sometime has elapsed from installation. Bolt
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holes in blade plate and/or seal strips shall be slightly larger or elongated to permit high and
low side temperature difference. Shafts shall normally be attached to the blade through shaft
blocks or other suitable member. The block shall be preferably welded to the blade to avoid
any blade loosening / vibration during operation.

343 Damper and Guillotine Shafis shall be capable of transmitting full operating loads and torque
and stresses to be limited as per API 560,

343 Guillotine shaft / screw are to be provided with gaiters, if these parts are exposed to the
atmosphere. The minimum material of construction shall be EN24 / A1S1 4140,

35 Linkage

3.5.1 Thermal expansion shall be controlled and must not cause interference. binding or
malfunction. For Multi-louvre dampers. damper blades shall be linked exterior to the damper
frame by a suitable linkage system, Linkage shall consist of structural bar hinged with
shoulder / eye bolts, lock nuts. Individual blade link bars shall be fixed to each blade through
set collars welded to the link bar and fastened 1o the shaft with shear pins / keys. Linkage
shall be tight, vibration free and shall permit no independent action of any blade except in
case of pressure relief blade. Complete linkage shall be tested and fixed in position at the
damper manufacturer's facility and shall not require field adjustment. Linkage shall be drilled
and pinned to damper blade shafts. All linkage joints and cylinder mounting joints must
feature a self-lubricating material running on SS pins or sealed for life grease packed.

The loss of motion in the linkage for each blade shall not exceed 0.5 % of drive link total
travel. Linkage shall be designed to prevent dead center lockage.

Ladl
h
(2% ]

For guillotine dampers blades shall be moved in and out through a reliable mechanism
(actuated through electric, pneumatic and manual as the case may be) ensuring no possibility
of “blade-dropping’ while operation. This may be achieved through chain-sprocket / rack &
pin / screw jack or any other suitable arrangement. If chains are used, a minimum of two
chains should be used and arranged to drive evenly on each side of the blade to prevent
binding. In the event of chain failure, the remaining chain or chains must support the entire
blade load. The guillotine damper linkage system shall ensure that even after long periods of
mactivity the damper shall function properly and all critical components of linkage /
operating system such as motor. gear box, chain-sprocket / drive screws etc. shall be
accessible to inspect and service all the time. Operator or drive system sizing shall
incorporate a 300% dead load safety factor as a minimum and other loads as per APl 560,
Designs where the blade shaft / screw / driving stem travels along with the blade and projects
outside the SOB frame during blade open condition, are not permitted. Also, blade driving
arrangement should not be in the duct open area in the blade open condition.

3.53 Damper bearings shall be of proven type and selected on the combined basis of:
(a) Bearing shall be self-lubricating metalized carbon flanged or pillow block sleeve type
(b) The ambient conditions at the job site
(¢) The temperature transmission from the shaft to the bearing

(d) The self-alignment required on the bearings due to pressure. temperature and the
deflection of the blades

354 Bearings and linkage cranks shall be of removable type. Do not weld linkage cranks to shafi.
Proven type of eye bolt / pillow ball rod end bearing shall be used for hinged connection of
linkage with S5 pins with weather proof { Anti rust).
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3.5.5 Actuators and all drive system components including linkage shall be sized to provide

adequate safety margin over the allowable range and to withstand the full stall torque of the
chosen drive actuator without failure (guidelines of API 560 shall be followed as a minimum
for design load).

3.56 Supplier shall ensure suitability of MOC of Bush / bearing housing and eye bolt with respect
o service conditions.

36 In case of Shut off Blades, the maximum time taken. from fully closed to fully open blade
position or vice-versa, shall be in 5 minutes. For large size SOBs opening time of 10 minute
can be accepted with prior approval of EIL.

4.0 PNEUMATIC ACTUATION SYSTEM

4.1 Damper Supplier shall provide pneumatic actuators and associated control instrumentation
to meet all the requirements as per the specification.

4.2 Cylinder / Tubing / Hoses

Pneumatic cylinders shall be of minimum 4-inch dia. bore and feature adjustable cushion
control at each end of the stroke. Cylinder shall be capable of delivering 150% of the
maximum required operating force used with the minimum available air pressure at panel
location i.e. after considering various losses. All eylinders shall be double acting type, which
shall be designed to sustain a pressure of 10.5 kg/em’g and temperature of 70 °C. Cylinder
barrel shall be of seam/less steel honed and hard chrome plated. Piston rod shall be of stainless
steel 304 with fluoro-elastomer seals. The cylinder should be painted with corrosion resistant
epoxy-based resin. All connectors shall be of SS. Tubing to and from the cylinder shall be
SS corrugated tubes with 8S over braid with end couplers. Minimum length for hoses shall
be 3.0 m and in case of dampers with double cylinder one of the hoses to be minimum 4.0 m
length.

4.3 Damper Control System

The Pneumatic control and instrumentation system consists of Cylinder, Instruments,
Tubing, cables with the instrumentation control as required. The minimum requirements are
elaborated in the individual suggested control scheme given in relevant damper data sheet.
It shall be Damper Supplier's responsibility to provide all controls / instrumentation for
normal, fail-safe and other operational requirements of the dampers as per damper datasheet
attached. The specification lists out briefly some of the major requirements over and above
all the other requirements that Supplier shall specify.

4.3.1 All instrumentation supplied shall be from Suppliers who are on the approved list of EIL. In
case for any instrument name of the Supplier is not available in the Tender, then Supplier
shall obtain prior approval before order placement.

432 Equipment / Instruments / Junction boxes etc., located in electrically hazardous area shall be
certified by statutory authorities as below:

43.2.1 Approval from local statutory authority, as applicable such as PESO, Nagpur, India etc. for
the electronic instruments installed in electrically hazardous area along with:

(i) Test certificate from recognised test house like CIMFR / ERTL ete. for flameproof
enclosure / intrinsic safety, as specified hazardous protection class. in the data sheet, as
per relevant standard for all Indian manufactured equipment.

(ii) Certificate of conformity from agencies like LCIE, BASEEFA, PTB, CSA, FM. UL
International Electrotechnical Commission System for Certification to Standards
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Relating to Equipment for Use in Explosive Atmospheres (IECEX System) ete. for
compliance to ATEX directives or other equivalent standards for all equipment
manufactured outside India.

4322 Equipment / Instruments specified Weather proof. Flame proof housing shall comply with
the following requirements as a minimum:

Weather proof housing ~ : IP-65 as per IS / IEC-60529
Flameproof housing © Ex(d)as per IS / IEC 60079 for flame proof construction.
Flameproof housing shall also be made weather proof.

The design of electronic instruments shall be in compliance with the electromagnetic
compatibility requirements as per IEC 61000-4.

433 Positioner / Positioner Transmitter

Positioner shall be SMART type. Separate AFR shall be used with each Positioner.
Positioner shall be provided with control damper and as specified in data sheets. The
Positioner shall be weather proof to IP 65. Positioner shall meet all the requirements of the
data sheets including fail safe conditions. Following accessoriés shall be provided as a
minimum:

- Positioner Transmitter (if applicable, Weather proof and intrinsically safe)

- Volume tank / boosters (if applicable)

- Air Lock relay - 55 Body (as applicable)

- Attachment kit for rotary movement complete with feedback mechanism and cam lever

- All required mounting accessories including compression type fittings for all pneumatic
connections

- Any other specific requirements indicated in the data sheets |

- All pneumatic connections shall be grouped in a connection manifold with pressure
gauge for input signal air and output air (2 Nos.),

4,34 Limit Switch

Limit switches shall be inductive proximity type, 2 wire shall meet NAMUR DIN-19234
requirement. Limit switch shall be intrinsically safe weather proof to IP65 unless stated
otherwise in damper datasheets. Separate Limit switch shall be provided for open and close
position. Conduit connection shall be 2" NPT (F) two numbers with plugs (cable glands 1P
65 in Supplier scope).

435 Local Control Panel

All control instrumentation shall be housed in a closed control panel provided with doors
and a lock. The panel shall be weather proof to IP 55 with instruments, instruments items.

Jjunction boxes, terminal blocks, Pushbutton, switches etc. shall be centified Flame proof
Ex(d). The push buttons / switches connected to MCC / PCC / substations shall also be
certified flame proof. The Panel shall be complete with interconnecting cabling, tubing. The
cable connection shall be provided from bottom. The panel shall be either self- standing floor
mounted type or mounted on a channel / angle frame complete in all respects ready for
erection and fixing on foundations. The cabinet internal shall be laid out properly to allow
for unhindered maintenance and provide an aesthetic look. A canopy or rain-shed shall be
provided. The tubing shall be bent with rollers such that no flattening / erimping occur. Bulk
head connector shall be provided for Pneumatic connection.
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436 Solenoid Valve
4.3.6.1 Solenoid valve shall be intrinsically safe / Flame proof as specified in the Job Specification.

4.3.6.2  The solenoid valves shall be direct operated type. in general. Where intrinsically safe
Solenoid valve specified, the coil shall be rated at 24V DC low power consumption type.
suitable for voltage available as per safety certification 3-port isolation type active IS Barrier
and considering cable resistance of 12.3 ohms/km @ 20°C*for 1.5mm* conductors. Where
110V DC Flame proof Solenoid valve specified. the coil rating shall be (0.5A and the housing
shall be Flame proof Ex(d). Solenoid valves housing shall be Weather proof to IP 65. For IS
solenoid valve, Bidder shall provide Entity parameters lor selected SOV along with list of
compatible barriers.

4.3.6.3 The Solenoid valve shall be 3-way and universal design type. Solenoid valves shall be of
failsafe design such that in the event of power failure, mechanical spring shall always assist
it to return it to the safe state. The material of construction of solenoid valves shall be 88316
with the trim material of 55316, as a minimum. All solenoid valves shall be of pack less type.
The Solenoid valves shall be provided with Auto reset facility. The location of Reset Push
button shall be as per the P&ID. All solenoid valves shall be of tight shutoff type. Vent port
shall be provided with bug screen. Valve sizing shall be governed by the cylinder size and
actuation time specified in data sheets, however solenoid valves shall be full port type and
solenoid valve orifice shall be approximately equal to the inlet air tubing size to facilitate
quick opening.

43.64  Coil & Housing

Solenoid coils shall be of the moulded type design meant for continuous duty. Coil insulation
shall be minimum class H suitable for high temperature as per IS / IEC-60085 unless
otherwise specified. The solenoid coil shall operate the valve even when the supply voltage
drops down by 15% or goes up by 10%. Vendor to ensure that for intrinsically safe solenoid
valves, maximum voltage level reached after considering tolerance levels shall meet the
safety requirements specified in hazardous area certification. The coil shall be wired to a
terminal block located inside the housing.

437 Reset Pushbutton. Auto / Manual Selector Switches. on field shall be weather proof to IP 65
and Mameproof type.
43.8 The Manual loader (HIC) shall be provided if indicated in P&ID/Damper datasheet and the

same shall be intrinsically safe, suitable for two wire electronic loop. without requiring a
separate power supply. The HIC shall be loose supplied and shall be fitted in a weather proof
(IP-65) CRCA sheet enclosure for mounting at grade by purchaser. The mounting accessories
like clamp. screw etc. shall be provided by vendor.

439 The selector switch shall be two position, flameproof Ex(d) supplied as loose, the same shall
be mounted at grade by purchaser.

4.3.10 Junction Box and Cable Gland

4.3.10.1  Separate Junction box shall be provided for DCS and ESD signal and locate in the control
panel. Junction boxes shall be lameproof (Exd), certified suitable for the specified hazardous
area. Junction boxes shall be suitable for connecting 12 pair signal / control / alarm cable.
The cable entry for 12 pair cable shall be 1'4" NPTF. Each JB shall be provided with 3 multi
cable entries with one entry plugged as a minimum. JB shall be suitable for 12 Nos. of single
pair cable entries, single pair entry shall be of 2" NPTF. Supplier shall keep spare entries
plugged. IB shall be suitable for constructed out of die-cast Aluminum LM-6 alloy. The
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Junction boxes shall be provided with sufficient number of terminals to terminate all the pairs
of multicable and shield of individual pair’s as applicable.

4.3.10.2  Cable glands shall be provided for all instruments (viz Limit switches. SOV, ete.). control
panel, Terminal block & junction boxes. These shall be double compression type, Nickel
plated Brass and shall be provided with PVC sleeves (shroud). All cable glands shall be
weatherproof to IP65, and shall be additionally Nlameproof (EExd) for the specified electrical
area classification. Plugs shall be provided wherever required. They shall be of nickel-plated
brass. Plugs shall be certified flameproof.

4311 For all electrical connections, flying Leads are not acceptable. Suitable terminal blocks shall
be provided for cable termination. SOV and limit switches connected with interlock and
shutdown shall be terminated in the same junction boxes.

43.12 Tube and Tube Fittings

4.3.12.1  All main line and purchaser connection pneumatic tubing shall be minimum 4" 0D x 0.065"
thick and internal pneumatic tubing shall be 4™ x 0.0497 thick. ASTM A269 TP 3160, SS
fully annealed. seamless and cold drawn. Molybdenum content shall be 2.5% minimum and
carbon content of < 0.03%. Maximum working pressure shall be 102 kg/cm’(g). SS flexible
tubing with SS over-braid corrugated tubing shall be used to connect cylinder and positioner
to the panel.

4.3.12.2  All Tube Fittings shall be of Rare less compression type having four-piece (for double
compression type) construction consisting of two ferrules, nut and body or three piece
(compression type) construction consisting of single ferrule. nut and body suitable for use on
tubes of specified material for example stainless steel tubes conforming to ASTM A269 TP
316l with hardness in the range of HRB 70 to 79. All parts of the tube fittings shall be of
316 Stainless Steel. Threaded ends of fittings shall be NPT as per ANSI B 1.20.1.

43.13 All interlock and shutdown operations shall be implemented in purchaser’s PLC located in
control room.

4.3.14 All contacts in the intrinsically safe service shall be suitable for the applications. Switches
shall be hermetically sealed type.

4.3.15 All filter regulators used for air supply to pneumatic instruments shall be supplied with
Smicron filter.

4.3.16 Inspection of items shall be carried out as per Tender requirement. However, as a minimum
the following tests / certificate shall be submitted by Supplier / sub vendor.
a)  Matenal test certificate for all instruments
k) Calibration / test certificate for all instruments
¢)  Conformity certificate from sub-vendor
d)  Pneumatic Test (1.5 times max working pressure): Body. Seat leakage testing (As

applicable)}
5.0 ELECTRIC ACTUATION SYSTEM
Electric actuation system for guillotine dampers shall be provided wherever applicable along

with manual override as per the electrical specifications attached in the Tender. Supplier to
note that distribution of all power from SOB’s to Local Control Push button stations is in
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