G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards, even though the best possible

copy was used tor preparing the master fiche




PE TROLEU I T o Ll

07989

FINAL _REPORT

UNIDO CONTRACT NO. 74/42
PROJECT NO. IS/SYR/71/806

PROJECT Assistance to the Oil Refinery
C\(/ at Homs - Syrian Arab Republic.

CONTRACTOR Engineers India Limited
4 Parliament Street
New Delhi - 110 OOl
India.

DATE OF COMMENCE- March 7, 1975
MENT OF NORK IN
PROJECT AREA

REPOPT Central Services Organisation(EIL)
PREPARED
BY ( H.O. (Dr) A.K. Lahiri

Site : R, Shivakumer

P.L. Santra )

DATED - AT NEN¥ DELHI December 10, 1975.




vl e A
. A ommewenailiy, dbts:







SYNOPSIS

The Home Refinery plays a vital role in the national

economy »>f Syrian Arab Republic and it is, theref-re,
essential that the Refinery achiewves the longest sustained
throughput run possible and shutdown, inspection and

repairs are kept to a minimum, This objective can be
achieved only through a well conceived system of equipment
ingpcction, sound recording systen optimum maintenance
material inventory control and trained engincers to ensure
that adequate and neccssry repaics arc done at proper time.,
The activitice ‘uring the confract reriod were, therefore,
directed towards introducing such . system 2fter identifying
the existing rroblums conectaed with mechanical insnection
ani sreventive meintenance in the Refinery.

Homs Refinery hLanagemeni has not be2n able to establish a
gound mechianical ‘ne ectiin and preventive maintenance
systems dué 1% various consiraints, ~Suithble systems were,
therefore, developed tezilored 1 the local needs ~nd
implemented with full cooperation of the Management.

Mechanical Inspection recording systcm has been introduced
in two units and work on the third initiated., 1In the arens
of PM 25% of rotating equipment in thc Refinery have becn
covered by the new systin., These will act as 'model cases!
for covering the wholc Rifinrry under the new system.

The counterpart c¢nginccrs and other technicians and workmen
havc bcen trained and guided in the implementation of the
systcm, -

Additional cquipmcnt, tcsting facilitics and changcs in

thc organisational sct-up RAve bceen recommendcd after
discussion with the Homs Managemcnt., Schcdulcs, code of
practicc and rccommended praoccdure in the ficld of
inspection and maintenancc have also been developed/provided
wherever nccecssary.

Advicc on matcrials, inspcctisn, maintenance and other
problcms was rcndered during May '75 shutdown and also on
problcms ~rising out of day-to.day work.

The improvement in maximising production and in optimising
maintenance cost can only be achieved if the new system

ie introduced for all thc units and then sustained in
futurc, 1In achicving this goal, a threc stecp programme
consisting of a) tra?ning ot engincers, b) intcraction
with spccialist group and c¢) maintenancc and management
training of Hcads and Asst. Heads of conccrncd Departments
has been recommecnded.
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1.3

INTRODUCTION

At present the Syrian Arab Republic has only one oil Refinery
at lioms to mect the demande of ite petroleum products. The
capacity of the Refinery ‘s ~Bui/year cruue oil throughput
to which *wo more units will be added in the recent future
thus increasing the throughput to 4.6 MT/year. This

Refinery plays a vital rols in the whole national ¢conomy

and it is, therefore ¢xtrswely important that the Refinery

is run withoui interrurtions to achleve the longest

sustainad throughput run  ossiole,

To achicve this oujective it ic neccssary to ensure that
such seTvices as mechanical inspccti-n and preventive
maintenance are adeiuate., S3inct local cxpertise in these
fields is lirited TNIDO assistancc to advise and assist
th: Menegementi >f the ffome Refincry on the oriyanisation
and dcvelopment of mechanical inspection and preventive
maintenance services was snught by Syrian Arag Republic.
In pursuance »f the requirements for the services of an
organisation with necessary backstopping and supervision,
NIDO awarded the contract to EIL(CgO), which has nece ssary
expertise in this field, for providing the assistanse.

The scope of services included:

a) identify existing problems regarding mechanical
inspcction and preventive maintenance at the Refinery;

i:) prepare @ programme for mechanical inspection and
preventive maintenance in order to ensurc that all the
units of the Refinery are running at maximum e¢fficiency;
the programme shall be based on modern techniques
adaptcd to local conditions;

¢) prepare ap o rovide "Codes of Practices™, "Manuals" and
"Standards: in the various ficlds of maintenancc,
planning, mechanical inspcction, recording, corrosion
control, welding, painting, refractorics, etc. essential
for the smonth and efficicnt running of the Refinery;

d) assist in the ¢xccucion of the above programme for
me chanical inspcction and preventive maintenance;

e) assish in the organization of 2 Mcchanical Inspection
Init and A Prewvcntive Mrintcnance Unit at the Refinery;

f) train counturoart cngincers until they arc fully
compctint to take charge of the above units;

For the performance of the above scope of work EIL(CSO)
provided two «xpcrts at Projcct Site, onc on maintenance
(Tcam Lcader) for 2 pecriod of 3 months and another on
mechanical inspection for a period of 4 months. Back-
stopping end supérvision services during the period of
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1.4

2.1.1

2.1.3

2.1.4

assignment were provided by EIL(CSJ) from the Home Office
at New Lelhi and also by two visits by experts from
EIL(CSO) at the Project Site,

This report is thes final ~eport covering the work of the
Contractor's pxreonnel at lome :finery (Project Site)

during the perind of assignment, The report deals with
the problems identifiecd in the lechanical Inspection and

Preventive Maintenance, tre cheps taken to introduce a
sound receordiny systar I the above areas, progress and
the training jiven t= v refinely perso a6l in the

implementation of the ne 7 syetom, The report deals with
the future nceds and recommends the steps nerded for the
Refinery tn have an effcctive and econouical waintenance
system, The report also outlines the additional assistance
given to the Refincry fanagement in the ficld of mechanical
inspection and PM durinj the period of assignment.

PRELIMINARY SECTION

Physical facilities and organisation of Homs Petroleum
Complex is given below:

The Homs Refincry Complex consists essentially of Refinery
I of 1.6 million ton per year built in 1959 and Refinery
IT of 1.0 million ton per year, which was added on in
1968, A further two million ton per ¥ear capacity is
beinqg added and this is in the form of two topping units
of 1 million ton per year each. The original two units
were built by CHEPOS of Czechoslovakia and the two units
currently being constructed are by INGECO of Italy and
CHEPOS of Czechoslovakia.

Refinery I consiste of a combinatiun Topping and Vacuum
Distillation Unit (10), an Unifiner Platformer (200 and
a Treating Unit (12). All units in this Refinery are

in opcration except the Desalter and some parts of the
Treating Scction, which wer€ damaged during the war.

Refinery II consists ~f a2 Crude Distillation Unit (100),
Vacuum Distillation Unit 19), Vavor Recovery & Mernx
Treating, Ker> HDS (14), Light Coker 3as 0il HDS, Heavy
Coker 3as 0il .'DS, Stram keforwr, HoS Treating, Sulphur
Unit and Delayed Coker (11). Of these only the Crude
Distillation, vacuum DPistillation, LT 3as 0il HDS and Merox
Treater arc in ooeratim. The rest of the units had been
dameqed during the war, Reconsfruction has been entrusted
to CHEPOS. Thz LT Mas Oil !IDS Unit has been modified to
process Kern since Kero réquirements are more pressing.

The Refinery Complex has water treatment plants and power

house for utilities productinon, The Refinery also has its
own oxygen/nitrogen production unit.

oo/
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?anisational set-up o the Refinery administration
is as ftollows:

General Manager
!
Technicdl Manzgar

'....-... B et e o —————

' [] !
! : . . i .
Opiretiens Pledning C-mi “rce| Sinance Administration
Meneguer Manager  Jone en | llanager Manager

o
gngineerirnn
Manager
!

e : I , [t i -
Inspection Mainténance Elebtri.. | Instru- Civil Poier
Chief Engr cal | ment Engg. House

Techhical
Office

Gontractor's Personnel at Project Site

R. Shivakumar, PM ngcialist arrived at Project Site on
March 7 for a 8 months assignment at Project Site. (M
is scheduled to complete his assignment on Nov, 6, 1975).

P.L. Santra, Mechanical Inspection Specialist arrived on

April 24, 1975 and completed 4 months tour of duty on
August 24, 1975,

The fivst of 1 .. short field visits by Head Office was made
by Dr W.S.Mitra, Head of Central Services Organisatinn in
EIL during the period April 6 tn April 14. After study of
the system by him and that made by the Team Leader,
exhaustive uiscuseions wer held with the top Management
personnizl of Homs Refinery and the objectives and outline
of the programme were finalised,

The s2cond of the field visits by Headquarters specialists
was made by Dr A.K.Lahiri curin¢ the period Sept, 25 1o
Oct.4, 1973. Dr Lahiri revicwed rrogress of work, inspected
systems cstablished and its operation and also di scussed
with Manager of the Engincering rptt, regarding Refincry'«
appraisal of the work donc, and their future nceds in
training programmes.,

eo/es



Homs Managemeént Cooperation

Mr S.Drouby, Engineering ianager showed keen interest in
the development of Mechanical Inspection and PM systems
and provided necessnary facilities for the services
established.

Mr Z.Sibai and Mr G.Hayek took active interest in the
implementation of Inspection Recording and PM systems and
also other recommend-tions pertaining to !%echanic~l Inspect-
ion and PM,

Homs Management cxpressed their appreciation of the work
done and felt that it has helped them by stimulating their
interect in the new procedures, which they feel will assist
in better operrtion., They realise th-t the success of the
programme would depend on its continued application and
deve lopment.

Services of one enginecer and workman for Mechenicol
Inspection and twn mechanics for PV were allocated to help
in the proagramies.

In the initizl period problem areas were identified.
Mechanical Insrection and PM systems were somewhat
haphazard due to lack of a recordin? system with

0

attendent procedurss and standards tor data interpretation.
The problem has been compounded by a lack of continuity

of engineers in-ciharqge for supervision and the absence of

a retrievable systematic recording system, Suitable
systems werc developed and implemented.

Mechanical Inspection

2.4.2.1 A modified and proven recording system tailored
to the needs 2f the Homs Refinery was finalised
and introduced. Two of the units, unit 10 and unit
11 were cove red by the syslem. Inspection personnel
were mnhde fully ¢ nverssnt with the new system and
are now competent to extend this system to the
rest of the units, Work on unit 100 is now in
progress and the Inspcction Deptt. has ~Agreed
to enter the data collccted during the May '75
shutdown in the c»rds,

2.4.2,2 Shutdown inspection procedures, plans and
organisation have been discussed 2and recommendations
given.

2,4,2,3 A suggestion has been made for a changed organis—
ational structure and this has been accepted by
Homs Management in principle.
oo/




2.4.3

2.4.4

2.4.5

2.4.6

2.4.7

2.5
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Preventive Naintenance (7°1)

2.4.3.1 In the ar a ~f DL {ur rotalting cquipment, a
recording systew wag Jeviscd and introduced for
five units, 10, 14, 1v, 10) and 200, covering
about 13) picece of equipment which is about
254 of the rotating equipment in the refinery
(e xcluding the two units under construction).

2.4.3.2 A small group of mechanics have becn tra;ned in
the operation of the Pl system and additional
equipment necds were formulated.

That the need for such systematic nrocedures of PM and
inspcction and a sound recordinjy system is esscntial,
has becn recognized by thc conccrned personnel.

Throughout the projce*t pecriod cmphasis has becn p}agcd on
.xchange of idcas, cxplanation of rcasons for decisions ,
and imparting proc:durcs and tcchniqucs tn local ncrsonnel.
The May '75 shutdown was utilis.d for jnint study.

Equipmcnt neods laboratory facilitics and liorary
facilitics wer. studicd ano rccomnndetions made to
bring thcse unto datc to meet the nceds of the Refincry,

everal codes of practice and recommended procedure have
been preparcd and handed ovor to the Hoe Manajement.

During the perisd »f acsignment considerable progresc has
heen made in imnlemsntina the 'e~hanical Insvection ¢nd

Py systems which will werk as a demonscration model for
enlaraing the syetem to the rest »f the Efinecry. Projress
would have becn still morc but for the Jiffinsulties in
gomnunication with wost of the slalf in English and the
difficulties of the Retinery wenajemnt to assign people

on 1un:y term basis - the Contracior's team in the initial
stages.
To get the full penefic »f » wount Itchanical Inspection

and PM systeus, it is ncoencizl thal the re comnended

systems arc implemented in full and undated from time to
time bascd on o xpericndes o7 “ous Refinery and refineriecs

in othcr countrics where sich systems cxist. This will

necd (@) a change in philosapnay of th¢ Homs lManagement

from 'fire finhtiny' maintcrnance i» 'organiscd’

maintecnancce (b) A change in the attitudc of the cnginecrs
and workmen who -rc tuncd to the present system (c)
continuing contact with the systcms as developcd and
modificd in othcr refincrics cutside Syria by periodic
visit/training and (d) intcrection with outsidc spucialists
in thcse ficlds through perindic visits of thc spcclalists
tn Homs R.fincry and {c) maintaininy o link with a developecd
organisation for complementing own sfforts and introduction
of new dcvclopments.,

3.0
3.1

3'1.1

3.1.2

3-103

3.1.4

J(unit
130)

MEGHANICAL INSPEGTI

Becording System

In modern industrics »lant inspcction, which was in early
days associated mainly with safcty, plays a vital role in
mzintenance and productivity. To prevent unscheduled
breakdowns ~f nlants and equipment, the practic: of
schedulcd insrection @nd onw-stream insnceti-n is escential.
The function of inspection > s no>t end with taking
mgasurcients, it is cssuntial that o proper casily
retricvable recHoriina systcm is mrintained so that
inspection ic in & rosition to confidently advisc an
sch.dulc, plan, forcc.st and ar~lyse problems to take
corrcctive meosures in tim: to kcip the refinery running
at maximum c fficicncy.

The first major stip identified in Mcochanical Inspcction
vas the rocnrding system, Accordirgly, - sound proven
rccordiny systcim modifica to 1ocal nceds was finaliscd
and introduccd in ¢onsultation with Homs Man-jcment.

The system (Annexure A, consists of a) init Index Inspectinan
Scheme Card, b) Histsry Card, ¢} Field Observations Sheet
and d) tquivment Data Cari, In divising the system, all
equirments have been classified into hcaters, columns and
vessels, heat sxchany rs/crolers/condensers, piping, safety
valves, tanlis and liftiny toouls and lacklcs and individual
cards, ac anove, rre arcd f,7 cach ¢Quipment. Indicative
sketch of eyuipment 2lany vith critical points where
measuremcnts arc to be Lalen, are included in date card.

Index Insncction Scoeme Cord indicales by mcans of a2 cnlour
schemc, thc datis »f oo orious insncction as well as of the
next inspcction when di:,  Similarly, History Card givcs

at a2 glancc, the start up, v-rious periods of downtime
including emergcncy brenrkdown, schcduled shutdowns and

idlc perioads,

Oetailed procedures for data rccording and interpretation
laid down and the system as a whole has been reqularly
discussed and explained to Inspection [ingineers during
implementation. Homs manajement desired maintenance of
the system in English cxccpt the history cards where

the entrics will be in Arabic and thc system has been
implementcd accordingly.

As desired by Homs Managemcnt, implementation in Unit 10
and Unit 11 werc taken up and both the units havc becn
fully covercd by this systcm. Its importance and impact
on efficicnt opcration of the units havc bcen undurstood
by thc concerned engincers and carly enlargcment of the
systcm to cover the remaining units has been assurcd by
thc Homs Managcment. The specialist prior to departurc
from the Project Site initiatcd taking up thc anothcr unit

li/..




3.2
3.2,1

3.2.2

3.2.3

3.3

independently by Inspection personnel, The progrecs of

work was from time to time checked in the collection and

gosting of bese data of columns, vessels and heat exchangers.
he work nf this unit had progresscd considerably by the

end of the contract period which demonstrates the under-

standing and capability of implementation of the new

system by the Inspection at Homs Refinery,

On-Stream Inspection

On-stream insptction gives advance warning of any impending
failures due to change of corrnsivity of the process streams,
changes in process conditions and critical areas ‘there
deterioration rates are known to be high for which
Maintenance will have enough lead time for planning in
procurenent of materials and pre-fabrication of parts

which in turn will reduce +nrkload and downtime in the
shutdown. lith the above objective an on-stream

inspecction rrogramme has been nrepared in consultation

with the Chief Inspection =ngineer,

On-stream inspoction has been catagorised into a) thickness
mcasurement by ultrasonic method, b) thickness measurement
by radiography and c¢) full inspection. Thickness of
overhead lines, reflux lines and storage tanks shall be
measured by ultrasonic mithod, Cutting of windows on
insulations at inspection points has been rccommendcd,
Thickness of heater and reactor transfer lines shall be
measureéd using radiograchic technique. Full inspectinon
shall he madec on healt cxchanger cqQuipment and vessels

which can be isnlated during the run. Inspection, as due,
has been markéd in three digfercnt columns on the programme
for identification of type of inspection to be made.
Critical arces in sipinns have been covored by the programme,

The programme covcring crude oil 7 M.S. storage tanks and
critical prijpings which er® [ ronc to corrosion in unit 10,
130 anc 220, has alrcady been given. It has been
recommended 92 include the remaining units in the
programme after ih sc uni*s arc recommissioned.
Preparation of isometrics of pipings and marking
inspzction points have also been initiated,

Organisation

In view >f the increased physical capacity of the Refinery
and consequent change in magnitude and complexity of
inspection problems restructuring of the existing
organisational set-up was considered essential. The
organisation recommended her¢ has been developed after
discussion with the local management who have accepted

this as desirable for efficient working. In the recommended
structure the Inspection Department will be headed by

the Chief Inspection Engineer and the whole Refinery
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has been divided into two geograrhical areas, each area
under an Arca Inspectsr whi will be assisted by Inspection
Assistants. Both these areas will draw the services of
the metallurgist and the non-destructive testing group as
and xhen recuired,

The recommented structulse is aiven Helow:

chic{ Taspeccion Engineer
Area Atca Lotellurist Non-destructive
Inspector ‘nepecior : Testing Group
Area I Arna 11 T ;
Inspect- lngpection Assistant Inspection
ion Assistants (1) Assistants
Assistants (2) ()

(2)
3.4 Inspeotion Equipment/Testing Facilitiss

rwmr e v ow e e o o oars

3.4.1 Inspection Equioment

3.4.1.1 Inspection Dtpartment ic fairly well-eqQuinped.
' The following inspection equipments arc avallablec:

Metascope, ultrascnic instrumente for thickn.ss
measurcement and flaw Jctcction, X-ray machinc &
gama radiography, vibremct.r, portablce Brinncl
hardncss tcsters, ontical cyrometer, vaaaum box,
microscope and saissor nallipers, sye-penetrant,
magnaf lux-magnetic crank detector.

3.4.2.2 Following additional inspection equipment are
recommended necessary for more critical inspection:

a) Boroscope for inspection of internal surfaces
of tubes/pipes.

b) Frobolog for internal surface cvaluation of
non-ferrous heat cxchanger tubes by addy
current.

¢) Digital wall thickness gjauge - D mecter,
Modcl DM-1, Krautkramcr for accuratc thickness
mcasurcant,

d) Corrosometer Cl{-2, iagna Corporation, USA
with M.S. rrobce for on-stream corrosion
mcasurement.

@D
——

Dial. end gauge - Flange callipers, MpJ for
thickness measurement of flanged pipes,
nozzlcs, heat cxchanger shells and component.

ool
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Small dial gauges - Jaw opening O-12mm
and 12-30mm for M & thickness measurement
of heat exchanager tubes.

1 1b and ? 1bs, hall-peen hammers for
hammer testing.

Chipping hamners,

Inspection mirror - Ullman Model K-2 -
I_ILLM\I CD- LJ’i\c

tforse shoe pocket magnets.,

Pit depth qgauge for measurement of Pit
depths - Moorlane Supply Co., Oklahama, USA.

Elcometer - For paint thickness measurement -
Elcometer Insts Ltd,, Fair Field Road,
Drylsden, Manchester, U.K.

Micrometer dcpth gauge - O0-25mm.

Detailed spccifications nf inspection

equipment and testing facilitics are given

in

Annexure R.

3.4,2 JTgsting Facilities

3.4.2.1 In the physical tusting laboratory a tensile
testing machine, Erinnel & Rockwell Hardncss
testers and an Izo>l imnact testing machine
are available,

3,4,2.2 A small netallurijical laborat»ory is required
for investigation of day-’r.o-da¥ material
a

failures. AS no such testing

cility is

available in nearby areas, a nmetallurgical
laboratory is required to be set up. The
laboratory will be under the charge of the
metallurgist who will investigate material
failures and strive to prevent recurrences
either by eliminating the cause or by spcc-
ifyirg better materials. Inspection already
has a micrnscope. The frllowing accessories
need to be procured to use the microscope:

a)
b)
c)
d)

Specimen mounting machine.
surface grinder,
Variable speed mctallographic sanple polisher.

Nc cessary chemicals for etching commonly
uscd mct~ls and alloys in the Refinery.

\s g
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4.1.1

4.1.2
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Inspection Librery

It is essential that Inspection Library is well equipped
with necessary documents, books and standards for ready
references. Books and stindards existin? in the Inspection
library, were checked and its development was discussed
with the Chief Inspection Engineer and it wes agreed to
include the followings:

a) Flow dingrams for all units.

b) Plot plans showing numvering and location of equipment.
c) Set of menufacturers test certificates for all equipment.
d) Complete set of equipment drawings.

e) Stores cetaloque.

f) Books dealing with non-destructive testing, corrosion
control, matéri~l handbooks, intermation~l pressure
vessel codes e€tc.

g) Important international specifications for moterinls.
A list of books and standards (Annexure B) has been given

to the Chief Inspection Engineer and procurément action has
already been taken by him.

PREVENTIVE MAINTENANCE - PM

Principles of Meintenance Management

For minimum costs, maintenance must be managed in the
brosdc st management sensc. The basic objectives of
maintcnance aTre: '

1. To manage the Maintenance Division so as to obtain
total minimum operating costs.

2. To keep facilities anu equipment in good operating
condition,

3, To maximise eyquipment availability to operation.
(94% is considered a desirable level).

Basic principles of optimum mainit¢nance are:
1. Maintenance is an integral part of the organisation.
2. Maintenancc is a service function,

3. Maintenance work is controlled at the source by proper
authorisation procedure, /
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8.
9.
10,

11,
12,

13.

14,
15,
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Workload must be controllcd, Backlog is measured
periodically. Defer work intelligently.

Workload must be executed in an orderly manner,
There are seven basic functions:

a) ¥Egucst

b) Plun - Job rcquirements, resources, s€quence,
c) Estimate

d) Authorice - Iy carciul conirol {& to 20% of work
can e wronpsd,

¢) Schodul: - Con*ralisad maximum utilisation of
re SOUrce s,

f) Exccute
g) Revicw - By cxception.

Work is planned befors exccution,

Work of ecvery maintenance mcchanic is scheduled,
Schedules are mct a high % of the time - 85% is the goal.
Foremen have 3 basic responsibilitics:

a) Obtain high quality work.

b) Obtain satisfactory labour productivity.,

¢) Minimise matcrial and transportation in line with
above,

All maintenance jobs are reviewed,

Maintaenance performance is compared to indexes -
Ex. - overtime

~ labour/meterial ratio
- maintenance cost as % of plant replacement.

Maintenance costs are reportcd so that they are
meaningful.

Maintenance receives adequate technical support.

Maintenance receives adequate logistic support,
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16, There is a good craft training programme,
17. There is a centralised FM programme,

Above basic principles enable & programme of optimum
maintenance contributing towards hetter refinery
efficiency. A P programine is one of the important
steps in sucit @ yroqTaiue .,

efinition of. B

le will state the philosooby of Ph.  PM is maintenance
performed to ritain an eyuiyment in satisfactory operating
condition through systematic inspection, fauli detection
and prevention of incipirnt [ailurcs. Equipment condition
is monitored visually, vy instruments and by snstream
inspection. Components are repaired/replaced as they fail,
Improvement creas arc identificd, Eguipment is overhauled
only when ther¢ is a clear indication of wearout accompany-
ing degradation of performance.

PM can also be defincd as performing necessary tasks to
keep equipment operating with minimum production delays
and at optimum costs., Hence any sound PM system must not
only ensure that these tasks are performed but also set up
a regular inspcction schedule for all equipment so that we
will know, well in advance, what work is to bec done and be
sure we ~re going to bc able to get it donc in time.

One measurc of success of - PM programme is rcduction in the
numbcr of brcakdowns and production delays. These must be
balanced agninst amount of money rcquired to keep them low.

It is »~ wcll known fact thet total maintenance cost is
parcbolic when plotted against "level of maintcnance®. Too
littlc PM with attcndant largc brcakdown reésults in high
cost. On tiwc other cnd, too much Fif will also rcsult in
high cost., The ideal will . to operate in thce vallcy of
the parabol~, Records on PM costs, briakdown costs, NO,

of hr¢~nkdowns, production losscs will hclp in highlighting
this, However, adhcrince to the philosophy of PM as
pastui~tead carlicr will help in weinteining an optimum
level of meintinance,

Previous Fiw Systiw ane Froblims
Homs RCfincry has ixen hondicrpocd by the lack of »
plannc Pl programmc, The rceording system wrs inadequate,
Onc of thc ruasons proberbly is 1:ck of undcretanding, of
21l conccrned, of the substantinl a9~ins which can bc
obtaincd from an orjaniscd Fil programme, LAack of cnough
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trained enginecrg, discontinuity in the nrqganisation due to
key engineers heing transferred frequently were factors
which have played a lary: nart {n inhibitiny establishment
of a M system., The mairtenancs effort has been mainly
towards "Repalring cquipment and keeping units running

for the moment, Obviously such a systém of work would
result in upsets in wor. nlan. avoidable overtime, long
€{uipment cutag o and gonc Production locs,

The diow Bl Prograune

The key clement > a sound Phoocrograme is the ¥ cording
System. The recrcding system devised (Anncxure C) consists of:

a) Euvipment data card

b) History card

c) Check lists for cach category of cqui mcnt,
d) Unitwisc equipment inspection schcme card,

In devising the system all €4quipment have been classificd

and placcd in definite catcgories, so that we would nced

as few chocck 1lists as possible, Equipment has been
classificd as ccntrifugal, reciprocating and rotary, The
centrifugal pumps have “been further subgivided as pump with
two cxtirnal bearings, ow rhang typc and virtical. Individual
cards have bcen madc for cach €quipment.,

The <quipment data cards 1list constructional details, sizc
capacity ctc.

Thu history card qives at a glancc ahen magor rcpoirs have
been done, parts changed, probable cause nf failure. It
also indicates dates when Pli checks were done,

The check 1ists tabulate in detail the checks to be done
for each family of equipront. The check l1ists are colour
coued to distinguish, the various types of checks viz.
monthiv, 3 montaly and 6 monthly.

The equipment incpectios schem. card for each unit lists
the various cquipment; inspaction period, and type of
inspection is indicatud by o colour scheme.

Above cysicn was finaliscd aftcr discussinne with the
counterpart ¢ngincer, and has been intraduced for units -
19, Topping; 14, lars H4DS: 100, Crude Vacuum Unit; 200,
Reforme r; and 19, Aspunalt Unit.,

ol
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Assistance in Execution

The importance of PM checks has becn generally cxplaincd
to the enginecr, forcmn anc workmcn,

Contractor's specialist has mndc rcgular daily field visits

and explained thc contents of cach typical chick list,

what is to b donc, how it is to be danc, and the importancc

of making r.cordcd obscrvatione of cquipment condition,

Neccssary guidanc: was given in inspuction mcthods

- Inspcction of weer ring condition and rccording clcerance

- Inspecction of throat bush and roccord of clcarance,

- Sh~ft condition and trucncss,

- Coupling condition; if coupling shrws ziqns of wcar,
invcstigation of alignment, coupling scal ~nd condition
of lubricent (if lubricatcd typc of coupling). "

- B aring condition and its fit on shaft and be-ring
housing. !

- Seal condition.

- Vibration monitoring.

Assistance in Jrqanising a PM Unit

Equirment data cards and ;' check lists were formulated
after extensive Jdiscussions and references to equipment
cataloques, An inscecli.n scrieae ~as formulated based on
manufacturer's re commendations and local e¢xperience.

Two mechanics wcre deputcd by Homs lananement for setting
up the orogramac ., Bot: 'hosc mechanics have been trained in
the routinc papcr worlk part of the P! programme,

- Reference to Inspection schemes,

- Issuance of wecCkly check-lists,

- Checking wecek!y check lists for completion,

- Filing of chcck lists.,

- Updating inspcction scheme card.

- Recording brecakdown history by reference to daily logs
of foremen.

/e
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4,6,3 The entire system has been discussed with counterpart
éngineer and he is now in a position to extend this system
to the rest of the units, He would, of course, necd extra
help.

4.7 Requirements of PM Unit

4,7.1 Office spacc - Thecre should be a rcasonabl: size office
with necessary filing cabinets, and othcr furniture.

4,7.2 iorkshop - There should ! a ccntralised shop facility.
Of course, this would serve not only the PM crew but also
the breakdown crew. Present facilities are at 2 different
places far apart. The shop should be large enough to
accommodate about 20 work tables.
4,7.3 Equipment & Tools
1) The shop should have the following facilities:
a) Pillar drilling machine, n
b) Hydraulic press,

¢) Overhead crane/hoist.

d) Two or three jib cranes,

e) Parts cleaning and washing fecility.
f) Hydraulic puller sets,

g) Torque wrenches.

h) Medium size dynamic balancing machine,
1) Impact wr uches and sockets,

j) Better quality slogging wrenches,

k) Vibration monitoring -quipment,

2) Additional set of inside/outcide micrometers and depth
gages.,

4,7.4 Reference Catalogues
Catalogues for equipment should be @vailable in the PM

office. Presently one has to gn to the library which is
in e different building.
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‘ghngower_:

The Refinery has about 600 pieces of rotating equipment.
All these equipment can be covered by the PM programme
with a staffing of 8 men.

It is our opinion that the required men can be released
from the present breakdown crew. PM checks will eventually
on a longer time scale reduce the number of brecakdown
repairs.

The crew should be hcaded by a full time engineer to
administer the programmc. Present set up o pump and
compre ssor rcpair group is one engineer, threc foremen and
50 workmen. This engineer has also to quide the PM
projramie,

TRAINING
HMechanical Inspection

One Inspection Engine€r and one workman were trained in
administrative part of the recording system.

Inspection engineers have good knowledge of modern
inspection techniques. As regards practical work, necessary
assistance and quidance, wherever necescary, have been

given to Inspection engineers in day-to-day inspection work.

De§rec of compctence and skill of inspection workmen on
radiography and use of most of the insp:ction equipment

are of adequatc level but they lack cxperience in ultrasonic
flaw dctection. This was demonstrated,

International codcs and standards, modern inspection
techniques, matecrials and w.1ldiny technoloqy havc been
reqularly discusscd with Inspcction Enginecrs.

Preventive Maintenanco

Two wcchanics have been traincd in the administrativc part
of tht system,

Sincc the programmec was finaliscd only after discussions,
the Engineer is convcrsant with all aspects.,

The PM chcck lists have been c¢xplaincd to the 3 foremen

and a small group of 7-8 workmcn., On thc job training
of PM checks for various types of cquipment was given.

ool oo
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Iraining was also given in:
- Stal fac. rceonditioning
- Berring fits and tolc rences
- Shaft tru.ncss choek
= Impcller wear ringy #ad throst bush clearance »

$haft slt v ¢onditi | ch-ck
- Check of coupliny condition
- Lub. 0il coniition ch. ck
- Shaft slecw reconditjioriny by mct-1 .pray
- Fundamentals of vibration measurcment ~nd antlysis,
Contractor's spicialists deily routine include. discussions
with the countcrpart cnyincers on daily problcms and their
solutions. This covcrcd the entirc ranyc of troublc

shootiny, c¢Quipmcnt inspcction, repair tcchniques, and
control of Cssential prramcters.

Training was also jiven in preparation of shutdown worklist,
formation of ~ plan, and a schedulc for pup repair and
m.chanical insp.ction during thc May '75 shutdown.

CORROSI NP ROBLEMS

It was reported by Inspcction and Opcration that there is
not much corrosion problem in the Acfincry at presont,
Interruptions duc tH cquipment failure arc rarc,

Corrosion pwroblems were studicd in Jencral and in particular
for some proc. ss units during the My '75 shutdown, Study
was bascd on available rocords, labor-tory analysis of
proc.ss streams and da’ ~ colleccted during thc shutdown,
Corrosion rates in gencral indicrtod the ~dequacy of
corrasisn contrnl measunm s boin nractised at prescnt,
However, conclusion wes tuntative s past reeords were

not availabl. in meny cne s, Reeorriding eystem introduced
will provide nccessary date far corrnsion investigation

and control in fuiure,

It was rceportes! that n» sijnificant cohrrysion is
wneountircd in the weter sidc of coolers, condenscrs and
boilirs. The codling watcr treatmont was revicwed and
from sp.cificatioms of treatcd water troatment sccms
adcquete,  Data on corrosion of ¢22lin j water mains and
watir side »f coslers ond condenscrs were, however,
not sufiicicnt to ¢stablish rcli~bl. corrasion rotes.

/
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The present capacity of cooling water treatment facility
is not sufficicnt t» mect the demand and in Unit 100 raw
water after chlorinati » 4+ ve [oe Lh? ¢ ling system,
The capacity of the conling vat:ir treatment facility 1is
being increaser and cxneclod o 'x reaGy by next year,

Foulini in waler sic. o st cool. s and condincers is of

consideranle . rinuens s o ociallv whoeo raw watcr is used, X
Need far measurcmen’ o carroasivity and fonling of cooling
watcr remains an thids a9 agre. i upon oy Homs anagcment,
corrnsion coupans installed fn ocoollr watler line at prescnt
fail t» ropresent the actual corroasion rat: and fouling
prevailing in cooli re anii condens.rs.  TInstallation of
counons and a t st wxchang T as [« ¢ £SD/CIP-10 (Annoxurc D)
in thc cooling water systcu was recommendedio iHoms
Manajemcnt who have nssurc. cheir carly install-tion, The
coupons will b: exrosed at the osullet of the cooling tower
and the outlet of heat cxchangers,

SSISTANCE AND SULDANGE GIVEN_ Iil DAILY JORK AND
4 L] 1 M M

Orqganisation y

The Refinery complex was shutdown in May '75 for turnaround ‘
inspection and maintenance. The recommended procedure for

shutdown planning and execution of work (Annexure E) wes

discussed with Homs Refinery and accordingly, o shutdown

inspection team was orgnnised to the extent procticable

within the existing system »t Homs. The Management has

assured its full implementation in future shutdown.

Shutdown worklisis were also prepared for rototing cquipment.

Particip~tion

Contractor's spnccialists were fully associated with the
Insicction and Kaintenance team in thc shutdown. The
specialists dcinonstrated inspection techniques as required,
inspected critical arcas and adviscd on necessary repair
and replacuent, Contractor's spocialists have also worked
closely, when requestod, with the counterpart engincers
for dav-t ,-doy work in rospoctive ficlds. The highlights
of the ~owvice rendered hoave been given for Mechanical
Inspcction in Anncxurc F and for Piin Anncxure G and

some imporiant o oorvations and reconwindations made

arc qiven below:

a) An important inspc ctinn tochnique i.¢. hammer testing
of pipelinis was not carried out becruse of lack of
expericnce in this tochnique, A demonstration was
given,
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b) Insnection of equipment which can be isolatced during
the run was rvecomiended, Thic will reduce both
inspecti’n and maintenance .oriload in the shutdown.

¢) The present nractice .o to open all the equipment for
inspection durir.y schcdulcd shutdnwn, 37cording system
introduced will Telp i hasiny out insgcction and
maintenance »n Uy lasis of insocction interval, set up,
and reviey of e roeow's. Toio o will ceduce the .
work1oad ari doamt e o the shutityun, tore critical

insncctinn oo hxen o ommosedn,

d) Inscction ¢ v ek Lilste for ¢colunns, vessels and heaters
y L [}
have becn pre-arccd {(Anreoxure i),

e) &4 work plan for unit 10 sautdown consisting of work on
heat exchongjers, columns. and drums, and heatérs has
been preparc¢d as requested by 'oms Monogement. Jork
includcs listinyg of work, ©=ztimation, a worx plan and
schedulce,

f) Assistence was given in metal spray tcchniques for part
rebuilding using eutectic 'Rototec' equipment.

g) Suggestions have becn given on organisation of -
central tool room scrvice for issue of tools end
equipment. Also some suggesiions on shop 1~y-out,
issue of doily consumables were tendercd.

SCHEDULES, CODES OF PALCTICE, STANDARDG ZIC.
/. schedule of requirement for scal welding of thrcadcd
connections has bren provided (Annexure I).

Homs Refincry desired instal_ation of skin thermoconuples
in their Catalytic e former {caters to control operational
ceverity. €SO manual CSJ/COP-6 (Annexure J) for the above
has becn given to the Chief Inspcction Engineer.

Homs lanagement requeste oo code »f practice for 7Gas
Cylinder Testing. This has zocn de veloped (CSI/COP-17 -
Annzxure &5 on the hasis 0 “xisting Indian and Rritish
cides tailorcu t> 1lucal roguirement,

on the requesi of the :oms definery, a progedure for
maximun utilisation of the »omential 1ife of 5Cr-#Mo
catalytic reformct hoator tuees was rccommendcd based on
the rcliable lony Lime creep rupture data available at
prcsent (Annevnire L.
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A table of Arbitrary minimum wall thickness »f Process
pipcline e has been handed over to the Chief Insprction
Engincer. Material smecifications for centrifuqgal pumps
and & procedure for investigation of unusual material
failures have also been provided (Annexure M).

A proc.durc for vibruation monitoring (C50/RP-15) has been
pregparcd (Annexurc if).

FUTUME DEEDS A TaATTLN G PAYGRALITES

Homs io the a0f o oby wfin vy in Syria, The Refincry is
staflad wit» hal i dod “naincere hicalid in Gyria and
avroad, gl cngine vo, aluner Tmeediately after
graduati o, hav  cala e ducice in the Refinery,
Scveral sovers comeLioin.c ccenliac Ba Uty local conditions

have impood a heaov Doy s s Menageément. The

vl yinal oty oo d adoto anen focilitioos meant for
the dnitlar 1.0 witel ton v year wefine ry have not
been suftici voly ol oo DT wi g the Tyter cxpansion

te 2.6 million ton nor year cape.city, The Rufincry is in
the pracess of furth v oansion to 4,6 million ton nor
ycar and this is qiving ris. to additisnal workload. Some
of the uxistino units have suffored ‘damag. during the war,
An cnormous amount of cffort has to v put in by the
Enginciring Departiment in the rceonstruction cven though
rcconstruction has ocern  nirustcd to CHEPOS. Therc is

also an almost continuous reyuest {or material, craftsmen,
workshop facilities and enqgincering help from the 3efincry
by other Govt. agencice since Homs Refincry is about the
anly organisation in this ar.a capable of 3iving quick and
requisite services, i®sidesz,comnulsory wilitary service
requirements, trained engincers have often been rcpositioned
by the Jovt., for other sssignments, Homs Refinery thus has
a rather high turnover of enginecrs as wcll as somc burden
of activities outsidc its scopi. This has placed an
unusual burdcn on the ifanagement rosourccs, and necessarily
th¢ Enginciring Department has to willy.nilly rcstrict
itsc1lf to a 'fire fighting' role in maintcnance work.,

The ¢nginccers have aot, gencrally speaking, had the
opportunity to work in a modum, wcll organiscd Acfincry
clscwherc, obscrve their systems and mcthods. Advances
in Maintenance end Inspection is continuous and dynamic
process and only with exposure and cross-fertilisation
it is possible to maintain a continuous improvement in
these fields, To fulfil the above objective, the
fnllowing programme is recommendcd:

(a) In the areas of PM & Mechanical Inspection covered
in this contract, it is recommended that a minimum
of two engincers in cach discipline should be sent

o/
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to work in a Refinery abroad for minimum period of
6 to 8 mon.hs, Training should be on thc job and
should include orjanisation, rcport system, rccords,
work technigques and usage o latest monitoringy.
eqQuirnent,

(b} This should be frlloved by piriodic short term
visils of _xeorie i thee twh areas for a further
dovelommenis of the sysicme cstablished in this
contract and alsn o advise oan any other problems
reloted with meintonance, EIL(CSO{ which provides
such a sirvic. ty numb o r of rofin.ri s in India and
aroad can ¢xtend such s mvices to Hons 2 fine rics
by a4 scparat. contract cither through INIDD or
dircctly with the Syrizn Jovt,

(¢) Rapid tcchnological changes in material maintcnance
and matcrial man~genent have imposcd new demands and
rcsponsibilitics an nlant menogeri-l codres,  To
kecp pace with these changes it is cssentinl that
Dip-rtmental and Assi. Departmental Hoads ot Homs
Refincry also attend Mrintcnance and Motcrial
Managemcnt courscs., Such courses ar. available in
many countrics and onc of the lecadingy orgrnis~tions
cf this typ. in Indie is thc Adminisfrative St-ff
Colluge of India, Bclle Vist~, P.B.N9.4, Hydcrabed-
500004,

Abovc rccommendcd threc step programme would go a long
way in strcngthening and o xpanding the basic systims
establishcd during this contract,

Crrft skills arc aver gc or above average in somc crscs,
ut thorc is @ sizeable minority of workmen who necd
cr~ft treining. Trnining should bv orientcd to ability
to refer to catalogues, grawings and pr~ctical on the
job training. Such 2~ training con be provided by the
tnginccers ~t Homs Rcfincry,

der. hous. stortag. and inventory control nceds large
assistancc. Some work wrs done by an Egyptian cxpert;
but he has sinc: loft and the work is not yet completc.
Jork nicds to be don. in orjanisation, oroper storngc,
identification and rctricvel systoms, cat~loguing,
rrtionalisation, int r-chanqeability indcx, and
inventory control.
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TERMINAL SECTION

Basic ¢lements of a scind P system and me chanical
inspection programme have been established.

Me chanical Inspection

Inspection Recording System for unit 10 end 11 is
operational. Projrcse on unit 100 is found satisfactory.

Inspection pcrsonnel have been trained in the implement-
ation of th¢ ncw system and they have dcmonstrated
their capabilitiecs by starting covering othcr units

by thie system. ‘/hercver ncccssary, inspcction
tcchniyues have becn demonstrated,

e structuring of ¢xisting organisational sct up,
ndditional ¢quipment, books and standards have bcan
re comnended,

Problem of scaling and corrosion pittings on watcr sides
of coolirs 2nd condenscrs has becn identified and

rc commendation for cvealuation of corrosive and scaling
charactcristics of watcr As ner CS) menual has becn

madc ,

An on-streem inspuction programme has bcen cvolved,

A Codc of Prectice for gas cylinder tosting and
Recomnundcd Proccdurt for meximum utilisation of the
potenti~l lifc of 5Cr-%ikio reformer hcator tubcs have
bcen dcveloped,

Prcventive Maintonanc

The key is the roecording system which:

- Tadulats cquipm.nt nitwisc;

- clearly Jdifincs whot noremitors arc to be checked;
- how often it is to bhe chcecked;

- when it is to bce checkad;

- guidclinces on acciptence livels;

- pcrmits rovicw of cquipment history at onc glancc;
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- highlights rcpetitive problcems;
- gives advancc warning of cquipmnt condition;

- affords the possibility of planncd purchases and
sparcs rcplecement,

The system cstablished is based on the ~bove, 25%
of cquipmcnt have bech covercd during pcriod of
nssignment, Even in thc short timc PM has been in
operation, at 1lcast six brcakdowns have becen averted,

Technical pcrsonncl have the basic background and
thcy have been guided and instructcd in the implement-
ation of thc systcm. Training has Blso bcen given in
prcparation of shutdown worklist, formulation of a
plan and a schcdulce for pump repair.

R-quircments of PM Unit, as rcgards manpower, work$hgp
facilitics, cquipment And tools and office space have
bcen recommended,

A Rccommecndcd Proccdure for vibration monitoring
of cquipment has bcen preparcd,

Full bencfits o»f any system can only be achicvad by
dcdicated implementation and continued modification
based o c¢xpcricnce, If the introductinsn of the
systems devclopcd is sustained on the basis of thrce
stcp programmc rc commended, it is bound to produce
tangigle rcsults in the long run,
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1.0

INSPECTION RECORDING SYSTEM

L TRODUCTION

One of the most important aspects of Refinery Inspection
is the Inspection Recording System. This is so because
one should get from it at a glance the state of every
equipment right from its commissioning and its history
in a chronological order, types of repairs it has
required, its reliability in service, and, over and
above, i{s life expectancy.

A sound Inspcctinn Recording System gives to Inspaction
Wing comprehensible and yet concise data for each
equipmeént under their purvicw which immensely help at
the time of taking decisions on major repairs. A
constant use of it by Inspection #4ing by makin

innume rablc referenccs leads to a highly uscfu
intimacy with the entirc plant.

With & good rccording system, Inspcction Wing can make
8 unique contribution to the total maintenance activity
and its daily monthlz, arly planning of work in
various opera{ing units thus helping in better manpower
utilisation lecading ultimetely to overall economy
which is the managemsnt goal.

A good recording system highlights the problem arcas
and their dimensions so that corrcctive actions
regarding matcrials, process, opcration ctc. can be
considered and instituted as found economically

N’ ¢cssary.

A well-recorded history mekcs it sasy to advisc the
procurement wing to locate a possible supplicr with
enough lcad time for its menufacture and delivery,

2.0 4HAT IT CONSISIS OF

2.1

Insgcction Recording System should consist of the
following:-

2.1.1 ﬁ;t Index En_sgcct;on Schemc Card (Form No.l)
sting e€ach cquipment o ¢ Unit 1ike Heatcrs,
Columns & Vesscls, Heat Exchangers, S~fety Valves,
¢tc., indicating thcrein by means of the colour
scheme shown on Mastcr Card, the datcs of

previous inspcctions as well as of noxt
inspcction when duc,
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2.1.4

2.1.5
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Since most heat exchangers, coolers/condensers which
can be planned for inspection during normal operation
will have their next inspection dates shown on this
card, it will be °f considershle help to advise
quarterly tné Mai tenance Planning Wing for the
purpose of their planning the job. Other equipments
like safety valves, P & V valves of tanks as well as
lifting tools and tackles in the particular Unit
will also be shown on this card with the previous
énSpﬂction datcc as w1l as future inspection when
ue,

Unit History card (Form No.2) giving its start-up
various perioas of down-times incluging emeggency’
breakdown, scheduled shutdown and idle periods, if

8ny. Reason of cach downtime will be briefly
recorded here,

Alongwith this card, a simplified process flow scheme
of the unit, will be kept. The scheme should show
Quantities, temperatures, prcssures, relief valves
and important controls A small table of special
materials other than mild steel used in various
equipments should also be included.

Data Card of cach cquipment, giving its salicnt
desIgn and operation datails as well as test
rcquirements., This card will naturally vary from
equipment to equipment.

H¥§t°£¥ Gard giving in chronological order thc datcs
o nsgechons, bricf obscrvations madc in sach
inspection, mentioning repairs and any special

steps likc actior for replacement ete,

ta Record Shcet giving insnecction measurcments
against varinous Inspcction points taksn from the
developmcnt drawing.

In order to makc it possible for the abovc-mentioned data
cards to have all the rclcvent information from any
inspection, the following will be required:-

2.2.1

Sketch of thc cquipment alongwith its dewelopment
so that the inspcctor is able to take prints of
this to sitc in order to rccord his obscrvations
on the print itself, (Copics of thc same skctches
arc also uscd to illustratc instructions to
maintcnance, for repairs ctc. as well as in the
final inspection rcport as necessary).
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2.2,2 Measurement sheets as in the case of heater tubes
cSForm No.6) which can be taken to site to note
own various measurements mede .,

2,2.3 Field observetions sheet (Form No,3) where the
Inspector can record his observations in the
plant on any equipment during onstream or shutdown.

2.2.4 All field measurements sheets as in 2.2.2 nd 2.2.3
above are to be kept till the next shutdown is
over so that it is pnssible to comparc the previous
readings wherever required.

3.0 QLABSIFICATION OF EULPMENT
$ince one equipment is diffcrent from the other, each
type of equipment has to be dcalt with stparatciy so that
the Inspection Recording System should be fully versetile
by including various typcs of information on the cards
in grger to meet the specific inspection requirements of
each type.

The refinery equipment can, therefore, be sub-divided
as:-

l. Heaters

2. Columns and Vcgscls

3. Heat Exchangers/Coolers/Condensers
4. Piping

5. Rotating Equipment (Normally recerds in this
casc arc maintained by .
the Maintenance Planning
Section)

6., Safaty Valves

7. Tanks

8. Lifting tools and tackles

4.0 DETAILED METHOD OF RECORDING FOR EACH TYPE OF EQULPMENT

All cards of thc recording system will bc maintained
unit.wise since it providcs considerablc gasc of
referencing.

veod
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4.1 Heaters
Each Heater in the Unit will have the following:-

4,1.1 Data Cerd givin, important details pertaining to
design, construction, materials and operation as
shown on Form Nn.4, Materials like tubes and
returm bends whose replacement is at times
called for arc also given storec Code Nos. in
order to makc the maferial asscssment easier.

‘0102 ”istgr! ga-r_q (Form N0.2)

Here the date of inspection will be given in the

first column and the inspection observations will

bc rccorded in the 2nd column, Any repairs on

refractory etc. as well as other work done on the

heater will be chronologically recorded on this

card, lt

4.1,3 Tube Dats Record Card (Form No.5)
In ordcr to bc able to fill data in this reccord
Card, it is necessary to have a skctch of the
heatcr indicating thc number of Tubes with their
scrial numbcrs markcd, A skctch of the Heatcr Hel
of Homs Refincry is shown here to illustratc the
manner in which thc sketch has to be made. The
tubes arc circled and numbered serial-wisc along
the direction of the flow in each of the two
passcs which mekc intecrpretation of inspcction
observations more convenicnt. The view of
convection show is of "South® which mcans that
this «nd is tov rds the Unit wnile the othcr end
of thc tube called the “North" is away from the
Unit. (Varietions as Eesti, West, Top, Bottom can
2alsd bo uscd).  The tubc connections by mcans of
hcadcrs or Rturn Bends on the "South End® are
~1so shown in full whireas thosc on the "North End®
arc shown dotted, Only onc view like this is
considcrcd adequate and its size being that of
the card makes it very convenicnt for the
Inspector to take a print of the sketch along
with Form No.6 and Form No.7 for actual
measurements during thc shutdown.

4.1.4 Measurcment Shecets (Form Nos.6 & 7)

Form No.6 has various columns, the first column
being for the tube number followed by two main
columns, one each for "North End® Top and
"South End" Bottom.
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Below the main column *North End® Top, there are two
columns, one for "Beyond Roll" and the second for

"In Roll". DBelow "Beyond Roll® and "In iboll" there

are two columns €ac . In the first column for

"Beyond Roll® figures and the first es2lumn of "In Roll"
figures, the Inspector can notr down the previous
inspection measurements before going to the Plant and
in the second column of the 'Beyond Roll" and *In Roll*“
the measurements of ihe present inspection can be noted.
Also, in case tht Inspecior feels interested in record-
ing the wall thickness of a certain Return Bend where
he suspects corrosion/erosion, he can take down the
various measurcments on the Return Bend and include
aqgainst the particular tubes whcre the Return Bend is
located its minimum wall thickness. The provision

for recording this wall thickness is given on both
"North End" Top and "South End* Bottom. It may be
mentioned that "3cyond 3nll" figure is the intcrnal
diametcr of the tube away from ?he roll, whcreas

"In Roll* means thc internal diametcr of the tubc at
the rolled portion.

On Form No.7, provision is made for measuring
ultrasonic thickness along th2 entire tube length
starting from the ™North End" Top, the first column

is for the tube number while the entire space on its
right is sub-divided in 13 columns, the width of each
representing one meter. This is to include the maximum
tuge length of our hcaters, generally 12 metres whereas
few tubes which arc c¢xtended by means of wcld-joints,
on the inlcts/outlcts happen to be around 13 metres.

From the rcadings o' *aincd -n Form “lo.,6 and Form No.7,
the Inspcctor is in a position to fill thc pcrmanent
tube data rccord shect (Form No.3). Here the first
column rcpreseénts the tubc numwer, second column is

for its location, i.c., "lorth/Top End® dcnoted by
“N/T" and “South/Bottom End" by PS/B", The next

column is mcant for rccording the original measurement
of "Beyond Roll™ decnotcd by *BEY"™ and "In Roll" denotcd
by "IN® followed with a column where minimum wall
thickness of the tube is recorded.

Subsequent columns providcd in the record sheet
are meant for various inspections by giving the
inspection date in the first row and bclow this
in the three columns measurcments of "Beyond Roll®
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"In Roll® and minimum wall thickness on the

tube with the help of Form No.6 and 7 and 15

are recorded, I casc it is desired to record

on this card minimum wall thickness of the

Returm Bend as notcd on Form No.6, the same can

be put against the particular tubes where the
Return Bend is located in Form No,5 itself but in
a different colour. ‘Yhen more detailed recording
of headir mcasurements is considered necessary,
separatc Form No,5 can be uscd as well for headers,

4.2 Qolyms § Vesscls

Each column and vessel nf the Unit will have the
following in Inspection Recording System:-
on
4.2.1 Dpta Card (Form No.8) showing informetion/design,
manutacture, drawing n»,, materials, dime siong.
and operating conditions., This data card is to be
filled for column and vessel in the Unit and kept
Unit-wise,

4.2.2 History Card (Form No,2)

On every inspection this has to be filled in by
recording the inspection date end selient inspection
observations made.

4.2.3 §ketch

A sketch for a column and a vessel comprising of
the development sketch of the same is enclosed to
illustrate and the same has to be drawn for €ach
column and vessel in the Unit. The Inspector will
teke a print of this and note down various obser-
vations/measuremcnts against various inspection
goints of his choice on the print itself including
herein various highlights of the inspection,

4,2.4 Dato Record Card (Form No.9)

From the observations including mcasurcments made
on the sketch during actual inspection, thickncsses
at various inspection points are to be recorded on
this card, The first column is meant for inspection
point, the second column for description followed
with data on original dimensions. yond the
“Disc. Limit" i.e, discarding limit column,
inspection dates can be put and against the
inspection point the actual measured thickness
is recorded,
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4.2.5 Based on first inspection on each column and
vessel, the important locations deserving a
close look on future inspections can be
ascertained and .he inspection Loints then
decided dependiny on how corrosjon/erosion
prone the column}veSSEI is. Thus the Inspector
will lay more stress on such areas meking a good
use of the development sketch and the small
observation shects so that for the record sheet
ne will teve edequatc information for recordin
which will be of great help At the time of nex
inspection,

Heat Exchangers

All heat exchange equipment, i.c., exchangers, coolers
and condensers will have the following cards in the
recording system:-

4.3.1 Dota Coard (Form No.10) giving all information
about ThE manufacturc, construction including
various componcnts of the equipm.nt as well as
opecrating conditions. This has to be filled in
for each exchanger/coolecr/condenser of every Unit.,

4.3.2 History Card (Form No,2)

There should be two separate cards for shcll and
bundle. These will indicate in the chronological
order brief commcnts on cach inspection and will
also invariably record any anticipated action like
replacement »f any component so tﬁat it can be of
hc?p tow~rds ms" 2risl pl-rning nd formulating

the time of the ncxt inspection,

Devclopment skctch is not ,encrally reqQuired for
tubulare Lut Lile can bc made for eqQuipment which
are pronc tn corrasion/crosion. Once such cascs
arc cstablichrd, are inpsrtonce is to be given
and sketchcs made, All mcasurements taken Aare
thcn recorded on Dotz Record Card (Form No.9),

Tubulers in which tubcs are recgularly plugged
during the lifc time of the bundle a sketch
showing thc tubc-plan from the tube side inlct end
should be prcparcd for showing progressive tube
plugging.

..I.B
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Inspcction Recording Systcm will includc the following
in each Unit:-

1. Transfer Lines

2. Reflux lines in circuits prone to ‘
corrosion/erosion

3. High temperature process lines (above 300°C). 1

In case any other circuit is found prone to corrosion/

erosion by experience, the same has to be inspected and

recorded like the above mentioned three categories in the
\ following manner:-

4,4,1 t rd (Form No.2) giving brief comments of
nspection iIn the chronological nanner including |

lnz anticipated replacements and assessing the |

actual time of future replacements by eva?uating

rates of corrosion. :

4.,4.2 Date Record Card (Form No.9) !

. To be ablc to fill this, makc isometric sketch for

cach piping system and to illustrate sketch for a
transfer line is shown having various inspection
points from 1 to 23 msrkcd on this sketch. The
Inspector will take a print of the same and take
measurements in the plant and then fill in the
various columns of Data Record Card, the actual
minimum wall thickncss mcasurements taken ageinst ‘
cach inspcction -~oint.

4,4,3 By this type of critical inspcction, various
important points of considcration will naturally
enerqgc from cach inspcction and thus be of cons-
jderablc help in making rccommendations for future
action. |

4,5 Rotating Equipment

The data and history card for this type of equipment |
arc normally maintained by Meintenancc Planning Seéction.

It is considered highly desirable that Meintenance Section

should intimate Inspection ~bout equipments which have

been found by them prone to corrosion/erosion and

Insﬁection then will separately maintain records for

such equipment in the following manner:

’ 4,51 Dote Card giving salient features about the
pafficu ar equipment.
/
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4.7
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4,5,2 story Card (Form No.2) indicating inspection
observations m~rde against eech inspection,

4,5,3 Data Record Card (Form N».9)

For filling this, a sketch showing sectional view
of the equipment m~y be made where various insgect-
ion points can be marked and actual measuremcnts
against these can be recorded on the data record
sheet, This will yield a» systematic evaluation

and timely action for replecements can be taken.

§afety Velves

Following cards arc to be maintained for cach safety
valve location in various Units:-

4,6.1 Data.cum-History Gard (Form No.l.1)

The card gives for cach safcty alve location
salient dctails of construction, sprin? no., as
woll as operating conditions on which {t has to

be set. Any repairs done while revisioning and
resctting arc to bc recorded against the inspection
date column.

4.6,2 ]Ingpectjon Scheme - Relicf Valwcs (Form No,12)

Against perticul-~r R.V. No, stete here the

interval at which inspection is required and then
fill in the #"due™ column and state in the neéxt column
when the inspection is actually held, This wil)l

help inspection to bring to the notice of

Production Dep: -tment thot o ¢ rtein safety valve

is due for insp.ction and that it should be done
within a reasonablc period of the due date,

4,6,3 These cards arc also to bx used for all pressure
and vacuum valves mounted on the tanks in the
samc manner e mentioncd ~bove.,

Jaoks

The following cardc are to be mainteined for tanks
for Inspection Recording System:-

4,7,1 Tenk dgia and Inspectjon Card (Form No.l3)

Fill in for every tank the required information
on the card giving details about manufacture,
capucity and dimensions, including original
thickness of various courses of the tank.

/e
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Undemeath, in the first column record the date of
1nsgection and on its right side mention briefly
highlights of the inspcction,

4,7.2 Data Record Car (Form No.9)

This can be maintained for tanks which are corrosion
prone as €stnblished by 2ctual inspection and such
tanks can be inspected on priority at close intervals.
All thickness mezsurements against various inspection
points are to be recorded in this sheet,

4,7,3 History Card (Form No,2) This will record obser-
riodic external inspection.
4,8 Lifting Tools and Tackles

Following cards will be maintained for lifting tools and
tackles which are to be inspected as per rules laid down
by Factories Inspectorate as these are in their purview:-

4,8.1 Rats-cum-History Cord (Form No.l4)

Record all information on this card pertaining to
the manufacturer, serial number of the equipment,
its capacity, and location where it is installed,
A brieg history has to be recorded against the
date of inspection.

4,8,2 Jpspection Scheme - Lifting Tools & Tackles

Form No,12 itself can be used for recording
frequency of inspection of lifting tools and
tackles,

Maintain this ¢ rd by includin. all the lifting
tools of the rcrinery Unit-wise, serially numbered
with their location, inspcrtion interval as per
requirements of Factories Inspectorate, State
below the "Due® column wheén the inspection is

due and record the <datc of actual inspcction in
the next column,

This card will serve as a great help for
planning the insﬁection of all lifting tools
and tackles in the Refincry.

Form No.2 can be uscd as a continuation sheet

of the particular 1lifting tool for recording
further history of inspcctions.
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10
11

12
13
14

15

Inspcction Scheme Card

History Card

Field Obscrvations Sheet
Heater Data Card

Tube Data Recorl Card
Tube Mcasurements Sheets

Ultrasonic Thickness Measurements
Shect

Vesse]l Data Card
Data Record Card
Heat Exchanger Dats Card

Safety Valve Inspection & Service
Re cord Card

Inspection Scheme for Relief Valves

Tank Data & Inspection Card

Lifting Tools & Tackles Data &
Inspection Card.

Tube /Header Gauging Sheet
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SPECIFICATIONS FOR
"'“I?é%;fﬁériﬁs FACILITIES

INSPECTION EJUTPAEN

Na

Borescope

Probolog

Digital wall
thickness
meter

Corrosometer

Inspection
Mirror

Pit depth
gauge

Mode1/Specification

Industrial Type A -
right angle system
with inteqgral lamp;
sectionalised 3/4"
dia, 18' length

Probolog 700

K=-2

Range O.2mm to 5mm
with attachment to
measure pit depth

on flat and curved
surfaces

Manufacturer/Supplier
American Cystoscope
Makers Inc.,

8, Pelham Parkway,
Pelham Manor,
N.Y.10803

M/s. Krautkramer-
Branson Inc.

76, Progress Dr,
Stamford, CT

USA 06904

M/s. Krautkramer
5esellschaft Fur
Electrophysik,

5, Koln, Luxemberger
Stra EC-449,
W.G2rmany

or

M/s. Krautkramer-
Branson Inc.,

76, Progress Dr,
Stamford, CT

USA 06904

M/s. Magna Corpn.,
11808 S.Bloomfield
AV.,

Santa Fe Springs,
California, USA
90670

M/s. Ullman Co., UK

M/s. Moorelane
SuEgly Co.,
Oaklahama, USA

VAT
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Elcometor Model 101/32 M/s. Elcometer
Instrument Ltd.,
Fair Fleld Rd,
Drylsden,
Manchester, U.K.

Metallographic  Simplimet II Buehler Ltd.,
specimen mount- along with 2120, Greenwood
ing machine mounting Street,
Evanston, Il1l, USA
60204

Surface grinder Motor driven - do -
suitable for
bclt sizcs of
4 x 36 inchcs
or 4 x 54 inches

Metallographic  Circular motor
sample polg

sher driven multi
specd disc
polisher Disc
diameter -
8 or 10%.
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ASME Bojler and pressure Vessel Code

I. Power Boilers
II. Material Specifications
Part A - Ferrous
part B - Non-ferrous
part C - Welding 3lectrodcs
\'A Non-destructive Examination
VII. Recommended Rules for Care of Power Boilers
Pressure Vessels - Division 1
welding WQualifications

TEMA Standard for Heat Published by Tubular

Exchangers Exchangcrs Manufacturers'
Association of USA

ASA B 31.3: Petroleum

Refincry Piping Standard

ASTM Standard Part 1 - Steel Piping, Tubing and Fittings
(April 1971?

ASTM Standard Port 2 - Ferrous Castings; Ferro-Alloys
(April 1971)

ASTM Standard Part 4 - Steel - Pressure Vessel Forgings,
Railway, Reinforcing, structura
(April 1971)

ASTM Standard Part 31- Metals-Physical, Mechanical, Non-
de structive and Corrosion Tasts,
thallography, Fatique, Effcct of

Temperature

(July 1971)

B.S., 1856:1964 Spccification of General Requirements
for the Mctal Arc delding of m1ld
g.:el.

B.S. 2645 Tcsts for usc in the Approvel of
Nelders.

Part 1:1955 Manual Metal-arc and oxyacetylene
welding of mild steel and low alloy
steel sheets, plates and sedtions.

Part 2:19% Manual metal-arc and oxyacetylene

welding of mild steel & low alloy
steel pipelines & pipe assemblies.

VY
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B.S. 499 welding Terms & Symbols
Part 1: 1965
Part 2: 1965
Part 3: 1965
B.S. 709:1964 Methods of Testing Fusion Wwelded
Joints & 'eld Metal in Steel
B.S. 2600:1962 Radiographic Examination of Fusion
Welded Butt Joints in Steel
B.5. 2910:1965 Radiographic Examination of Fusion
melded Circumferential Butt Joints
in Steel Pipes
B.S. 4080:1965 Methods for Non-destructive Testing
for Steel Castings
B.S. 3889:1965 Methods for Non-destructive Testing
of Pipes & Tubes
Part 2 A
Part 3 A
B.S. 433%: Part 1A Methods for Non-de structive Testing
1968 of Plate Material
B.§. 2654:1965 Vertical Steel wWeldcd Storage Tanks
for Petroleum Industry
Part 1: Design & Fabrication
Part 2: Sitc Ercction, Inspection & Testing
B.§S. 4360:1968 Specifications for Weldable

structural Stccels
B.S. 1515 Spe sification for Fusion Welded
Pressure Vessels for use in Chemical
& Petrnleum Industries.
pPart 1 - 1965 Carbon & Ferritic Alloy Steel
part 2 - 1968 Austenitic Stainless Steel
B.S. 3274:1960 Specification for Tubular Heat Exchangers

B.S. 13%60:1958 Steel Pipe Flanges & Flanged Fittings

g
@ for Petroleum Industry

oo/ os




B.S.

B.S.

B.s.

B.S.

B.S.

B.S.

B.3.

B.S.

B‘S-

B.S.
B.S.,

B.S.
Bo S'

1640

Part 3:

Part 4.

1873:1260
1414:1%60
1868 :1960
1750:1961
3179
Part 1
Part 2

970
3740:1964

3100:1967

1452:1961
1832:1958

2815:1957
1902

1968

1968

- 1967

- 1962

Part 1A:1966
Part 1B:1967
Part 1C:1967

Steel Butt-Welding Pipe Fittings for
Petroleum Industry

Carbon & Ferritic Alloy Steel Fittings-
Metric Units

‘qrought & Cast Austenitic Chromium-~
Nickel Steel Fittinqgs-Metric Units

Sg cification for Flanged Steel Globe
Valves for Petronleum Industry

Spccification for Gete Valves for
Petroleum Industry

Spccification for Flanged Steel Check
Valves for Pctrolcum Industry

Specification for Bolting for
Petrolcum Industry

Comparison of British & Overseas
Standards for Steel

Chemical Composition of Wrought
Carbon Stecls

Chemical Composition of ‘irought Alloy
Stcels

Wrought Stecls

Sp cification for Steel FPlate Clad
with Corrosion Resisting Stecl

Spccification for Stcel Castings
for Scneral Enginccring Purposcs

Spcification for Srcy Iron Castings

0il Resistant Compressed Fibre
Jointing

Compressed Ashestos Fibre Jointing

Methods of Testing Refractory
Materials

Sampling & Physical Tests
Basic Refractory Materials

Mouldable & Castable Refractories
00/..
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B.S. 78 Cast Iron Pipes & Fittings
Part 1:1961 Cast Iron Pipes
Part 2:1965 Cas. Iron Fittings
Statc Factories Rules (Latest Edition)
A.P.I. Standards/Publications

Std 5L, Spccifications for Line Pipe,
Twenty-sixth Edition, April, 1971

Std 5LS, Spucificalion for Sprial-weld Line Pipe,
5ixth Edition, April 1071

Std 3L4, Specification for High-T. st Line Pipe,
Eightcenth Edition, April 1071

Bull. 5T1, Bullctin on Non-dcstructive Testing
Terminology Third Edition, April 1972

RP 510, Inspcction, Rating, and Ropair of
Pre ssure Vesscls in Petroleum Refincry
Service, Second Edition, 1970

RP 520, Recommende¢d Practice for the Design
and Installation of Pressurc-Rclieving
Systems in Refinerics, Parts I and II

Part I - Design,
Third Edition, 1967

Part II- Installation,
Second Edition, 1963

RP-521, Guide for Pressure Relief and
Deoressuring Systems, 1969

RP 525, Testing Procedure "or Pressure-
Relieving Devices Discharging Against
Variable Back Pressure, 1960

Std 526, Flanged Stecl Safety Valves,
Second Ldition, 1969

Std 527, Commercial Seat Tightness of Safety
Relief Valves with Metal-to-Metal 3eats, 1964

RP 530, Recommended Practice for Calculation
of Heater Tube Thickness in Petrnleum
Refineries, 1958




Std 508, Valve Inspection and Test,
Second Edition, 1970

Std 599, Steel Plug Valves (Flanged for
Buttwelding Ends), Sixth Edition, 1969

Std 600, Steel Gate Valves (Flanged or
Buttwelding Ends), Sixth Edition, 1969

Std 601, Metallic Sasketc for Refinery Piping
(Double- Jacketed Corrugated and Spiral Wound),
Second Edition, 1962

Std 602, Compact Design Carbon Steel Gate Valves
for Refinery Use, Seccond Edition, 1971

std 603, 150-Lb, Light "“all Corrosion-Resistant
Gate Valve for Refinery Use % In, to 12 In.,
Inclusive, 1962

std 604, Flanged Nodular Iron Gate and Plug Valves
for Refinery Use, Second Edition, 1966

Std 605, Large-Diamcter Carbon Steel Flanges, 1967

Std 620, Recommended Rulecs for Design and
Construction of Large, ‘Yelded, Low-Pressure
Storagec Tanks, Fourth Edition, 1970

Std 661, Air-Coolcd Hcat Exchangers for Gencral
Refincry Services, 1968

Std 2510, Design and Construction of Liquified
Petroleum Gas Installations ¢t Marine and Pipeline
Terminals Natural Ges Frocessing Flants, Refincries,
and Tank Ferms, Third Edition, 1970

Stcels for Hydrogen Serv cc at Elecvated Temperatures
and Prcssurcs in Petroleum Refinerics and Petro-
Chemical Plants, 1970

Re commended Practice for welded, Plain Carbon
Stecl Refinery Equipment for Environmental Cracking
Service, 1971

Glossary of Terms Used in Petroleum Refining,
Second Edition, 1962

Std 1104, Standard for wWelding Pipeline and
Related Facilities, Twelfth Edition, 1971
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RP 1107, Recommended Pipeline Maintenance
Welding Practices, 1966

RP 1110, Recommended Practice for the Pre ssure
Testing of Liquid Petrnleum Pipelines,
First Edition, 1972

Publ 1151, Guide for Follow-up Inspection of
Interior Tank Coatings, 1970

RP 2001, Fire Protection in Refineries,
Fourth Edition, 1959

Bull, 2007, Safe Maintenance Practices in
Refineries, 1962

RP 2009, Safe Fractices in Gas and Electric
Cutting and VYelding,Third Edition, 1967

RP 2015, Cleaning Petroleum Storage Tanks, 1968

PSD 2200, Repairs to Crude Oil, Liquified Petroleum
Gas, and Products Pipelines, 1964

PSD 2201, % 1ding or Hot Tapping on Equipment
Containing Flammables, 1963

PSD 2207, Prepairing Tank Bottoms for Hot Work, 1967
PSD 2210, Flame Arrcsters for Tank Vents, 1971

PSD 2211, Precautions while working in Reactors
Having an Incrt Atmosphe.:, 1971

APl Guide for Inspection of Refinery Equipment
Chap. 1, Introduction, 1961

Chap. II, Conditions, ca sing
Deterioration or Failures, 1957

Chap. 111, General Preliminary and
Preparatory work, 1960

Chap., IV, Inspection Tools,
Second Edition, 1972

Chap. V, Preparation of Equipment for Safe
Entry and ‘Vork, Second Edition, 1972
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Chap. VI, Unfired Pressure Vessels,
Second Edition, 1966

Chap., VII, Heat Exchangers, Condensers, and
Cooler Boxes, Second Edition, 1967

Chapter VIII, Direct- Fired Boilers and
Auxiliary Equipment, 1960

Chap. IX, Fired Heaters ard Stacks,
Second Edition, 1967

Chap. X, Pumps, Compressors, and Blowers,
and their Drivers, 1961

Chap. XI, Pipe, Valves, and Fittings, 1963
Chap. XII, Foundations Structures, and Buildings, 1969

Chap. XIII, Atmosgheric and Low-Pressure Storage
Tanks, Second Edition, 1964

Chap. XIV, Electrical Systems, 1961

Chap. XV, Instruments and Control Equipment, 1962

Chap. XVI, Pressure-Relieving Devices, 1961

Chan. XVII, Auxiliary and Miscellaneous Equipment, 1962
Chap. XVIII, Protection of Idle EqQuipment, 1959

Chap. XIX, Inspection for \ccident Prevention,
Second Edition, 1971

Chap. XX, Inspection for Fire Protection,
Second Edition, 1971

Appendix, Inspection of ik .ding,
Second Edition, 1971

Books

1. Mechanical Engineers' L.S.Marks and T,B.Baumlister
Hand Book (Published by McGraw Hill)

2. Maintenance Engineering L.Morrow (Published by
Hand Book McGraw Hill)

3. Engineering Materials C.L. Mantell
Hand Book (Published by McGraw Hill)

'0/..




10.

11.

12.

13,

14,

15.

-: 8

Metals Hand Book, 8th
Edition

Published by Americah Society
of Metals

Vol, 1 - Properties § Selection of Metals

Vol, 6 - Welding & Brazing

The Petroleum Refininery
Engineers' Book

Chemical Enqgincers!
Hand Book

Corrosion iH{and Dook
Piping Hand Book

Petroleum Refinery
Engineering

Corrosjon & Its Prevent-
ion in Water System

Petroleum Processing
Refractorics

Unfired Pre ssure Vesscls

Pump Operation &
Maintenance

Non-dcstructive Testing
Hand Book, Vol. I & II

by J.F., Strachan
(Published by E & F.N.Spon Ltd.,
London)

by Robert H. Perry
(Published by McGraw Hill)

by H.H.Uhlig
(Published by John ‘lilley & Sons)

by S.Crocker & J.R.Kin?
(Published by McGraw HI11)

by V.L.Nelson
(Published by McGraw Hill -
Kogakushu)

by M.A.Butler & H.C.K.Ison
(Published by Leonord Hill)

by R.J.Hengstbeek
(Published by McGraw Hill)

by F.H.Norton
(Published by McGraw Hill)

by Robert Chuse
(Published by F.W.Dodge
Corporation, New York

by Hicks
(Published by McGraw Hill)

by R.C.McMaster
(Published by Ronald)
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CSO/COP-16

PM_BECORDING SYSTEM OF ROTATING EQUIPMENT

1.0 IN AODUCTIQN

The hard core of any PM programmc for rotating equipment
is the recording system. This record tells us at a
?llnce the chronological history of an equipment and

ts maintaineability,

The recording system furmishcs a complcte and concise

data on equipment. This is of immeasurablc help to the
englneer during repairs, Thc system furnishes information
on equipment condition by periodic inspections, wams of
impending trouble spots, enablcs planncd and programmed
repair and makes it possible to order cpares in time.
Repetitive problems are highlighted, wrich would other-
wise be 'lost' and suitable invcstigation and corrective
action can be taken,

2.0 CONTENTS OF THE SYSTEM
2,1 The PM rccording system consists of the following:

2.1,1 Data card for each equipment (Fcrm 1).

This furnisheés operating conditions, materials
of construction, dimensions of major parts and
lubrication dectails, and secal details.

History card (Form 2) for c¢ach equipment.

This givs in ¢ ronological so”wnce the dates of
PM inspcction, ates of breekdown repairs, probable
cause, parts rcplaced/repeired, and present
condition of parts,

PM check lists for cach type of equipment (Form 3)

Equipment have becn divided into the main
categnrics - centrifugal, rcciprocating, gear
type and rotary., The centrifugal group has been
subdivided into -

- Horozontal with two extemal bearings.
- Horizontal overhang.
- Vertical,

Unit Index Equipmecnt Inspection Scheme Card(Form 4\

This lists all rotating cquipment in a unit. The
)

d of 12 months, with cach
QC./!.'

card is made for a per




3.0
3.1

3.2

3.3

3.4

-t 2 3=

month divided into 4 weeks, for convenience,
Equipment inspection periods ave indicated by a
block. Colour .chemes are used to indicate type
of check.

2.1.5 Stores Spare Part,
Listing with Stores Code No.

HOM_THE_SYSTE:! WORKS

Data Cards are filled after reference to equipment
catalogs, These are then put in individual file folders
and locatcd in a filing cebinet.

History cards for each equipment are aleco filed in
respective file folders, alongwith data card, Foreren
meintain daily logs listing work assignments, name and
no. of equipment under repair, parts reglaced/repaired,
conditions of the parts, neasurements of clearances and
toleranccs and alignment readings.

bcrsonnel administoring the PM program will scan the logs
everyday and pertincnt information in concise fashion will
be transferred to the history card,

Unit Index Inspection scheme card is reviewed cvery week
and blank copies of chcck lists for the weeks checks is
fi1led with unit No. and equipment No, and also lube
Quality & quantity.

PM Check Jists

These arc colour coded, bluc for monthly, green for 3
monthly and yellow for 6 monthly. Thesc colour codes
are the same =as used in tht inspection schemc.

Differing check lists have bcen madc for the broad
categorics of cquipmnt., Thesc again differ according
to whcther they are monthly, 3 monthly or 6 monthly,
These chceck lists have been formulated based on
information from eqQuipmnt, catalogs, manufacturer's
recommcndations, local experience & spccialists own
cxperience,

Every wock, thc lists for the wecks scheduled
inspcction are handecd over to the forémen: Foremen
ensurc that thcse checks donc during the weeok. These
check lists orc then revicwed on a weckly basis before
being filed in the individual equipment file, These
lists 2re prescrved for one yecar and then destroyed,

] 666/6.6




3.5 Beview of Complcted PM Che cks

3.6

The englnecr revicws complcted chocks, notes any
unusual conditions. .. particulerly notes the
operating paramctcrs of prcssurc and flow and
vibration readings (sce CSO/RP-15 'Monitoring on
Vibrations'). For :xample, if cr)ugi.ing condition
is bad, he ordcrs that alignment checked and
coupling scal and lubricant if it is ~» lubricated
type. A complete overhaul is schedulcd only if
warrantcd by unusual condition such as high,
vibration readings or lower than normal operating
peramcters,

Bevicw of Equipment History

whenever an c¢quipment file is takcn out for entry of
repair history, this is lcft in a scparatc trax or
review and anaiysis by engincer before rcturn to the
cabinct. The enginser notes cquipment condition and
spares arc ordcrcd if rcqQuirecd on thc basis »f this
review,

to uipment Catalo

Sparcs list with code Nos. are also filed in the
equipment foldcr, This hclps in expcditing daily
work and also in furnishing correct dcscription
whén reordering.




-

T 3 _FO

Attach Form 1 Data Card Pumps
Dato Cord Compressors
Form 2 History Card
Form 3 PM Check Lists
Form 4 Inspcction Scheme Card
- Typical for Unit 14 at Homs Refincry

LR 2 B A
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1.0 INT.ODUCTION

The waterside corrosion of ferrous and non-ferrous

metals in petroleum, ehemical and petrochemical process

industries can often adversely affect the "On-stream

efficiency® of the plant if not controlled properly.

The control of corrosion assumes more importance in the

condensers and coolers besides the water distribution

system. In order to counter-act the corrosive and |

scaling tendencies of the coonling water, a chemical

water treatment is generally resorted to in one fomm

or the other. The water treatment 3enerally takes

into account the specified limits of water composition

or the contents of inhibitors and other chemical

additives and except the analytical data of water

composition, no data is available as guidelines for

"affective control® to the operating pzrsonnel. The

control of the water treatment frequently is rendered

more difficult due to seesonal variation of raw water

4uality and often, the service failures alone have to

be taken as the criteria of the adequacy of the treatment

or otherwise. Thus, there exists scope for having a

dependable and regular feed-back regarding the adeyuacy
' of the treatment and the corrosive and scaling

tendencies of cooling water,

The manual for measuring corrosivity of cooling water
is intended to supply the opérating personnel with the
basic data on the corrosion characteristics of the
coo.ing water and its e.fect on the materials of
construction. The monitoring of the corrosion by
exposing coupons as per the manual will not only

help in the proper corrosion control of the coolin
water but also equip the operating personnel with the
tool uscful for evaluation of dif erent cooling water
treatments., Improvements of currently operating water
treatments often becomes necessary in the light of new
developments in the field or due to considerations of
higher pollution load of the €xisting systems. 1In
either case, the monitoring of the corrosive character
of cooling water becomes imperative as a positive
indication o7 the cooling water performance.

The present manual describes the meéthods which are

€ssential for evaluation of water Quality and the
water treatment

(a) Coupon Test
. (b) Standard Heat Exchanger Test oo/




2.0 OOUPON TEST

2.1 Specimepn Preparaticn
2.1.1 gize

Rectanqular specimens of size 100 x 285 x
1.5mm will be machined from rolled sheets

of materials having composition as close

to the metal being investigated as possible.

2.1.2 Surface Preparatio

The coupon surface will be polished to a
finish gy '0' grade emerz paper and then
degreased by rubbing with MgO paste. The
coupon from this stage onward will be
handled carefully so as not to touch it
with bare hands. These will be weighed to

an accuracy of 1 mg and kept in a dessicator
prior to use,

The brass & copper specimens should be
exposed in the as rolled condition after

degreasing. The use of emery paper should
be avoided.

2,2 Method of Testing
2,2.1 gpecimep Mount

The specimer mount shall be a 20 mm dia

X 150 mm long water resistant plastic or
'l(Hylgm) fibre laminated bakelite ro This rod will

be inserted in a pipe plug €lther by means

of a drive fit or by means of a threaded

hole in the plug., The dimensions of the rod

and method of fixing the Specimen are shown

in Fig.l. The nut and bolt used for fixing

should preferably be of the same material

as the coupon or nylon.

2,2,2 Coupon Holder Assembly

The coupons will he cxposed in a special
by-pass from the main gine. The arrangement
€nsures exposure of g group of coupons in
the watcr strecam under €ssentially identical
condition. Further, it is not necessary to

oo/
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shut the ma’1 line for the fitting or
removal of the coupons, closing of by-pass
valve being sufficient. The flow of water
and therefore its velocity past the

specimen surface can be controlled by the by-
pass velve, The assembly shown in Fig.2
consists of a back-and-forth arrangement of
pipe (40mm) nipples and tees. Full bore
flow is ensured by connecting the assembly
$o that the water flows upward through it.

242.3 [Locatjon of Counon Holder

For assessing the corrosivity of the water

at points of high temperatures in the
circulating system, specimen holders will

be located at the cxit of the heat exchangers,
The general corrosivity of raw water and
circulating water will be obtained by

locating the specimen holder to the make -up
water pipe near the outlet of the cooling
tower and to the cooling tow:r risers
respectively.

2.3 Progedure
e

The metal coupons prepared, weighed and fixed to the
ﬁlastic holder will be screwed into the specimen
older asseably shown in Fig.2. The water will then
be turned on through the assembly by operating the
globe valve and the flow rate adjusted to desired
value, depending on the actual system under study,
Jepending on circumstances, fiow rate measurement
system can also be included,

2.4 I%tractable Rack

- Jhere necessary, retractable racks can also be used,
The details of the rack are given in CS0/Cop-9,
Thesc can be fitted at suitable bends shown in
Fig.3 of CSO-COp-9.

2.5 ggrgt; on of.ExQosgre

The duration of test for the corrosion test coupons
will depend on the type of material, previous
knowledge of the corrosion rates, the type of water

. vo/o
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treatment and the period within which the results
are desired. Test duration of 30 da¥s in the case
of c.,steel and 60 days in the case of brass will
provide useful data. However, duration should be
as long as possible commensurate with the resistence
of the material under test and should not exceed

6 months.

2.6 Assessment

After completion of the test, the coupons inas the
removed condition will be examined for the nature
of corrosion attack and the corrosion product.

The photographs of the specimens should be taken.
The coupons should be weighed after drying.

2.7 Gleaning of the goupons

The coupons will be first mechanically cleaned
using a soft brush under a stream of tap water
to remove loose deposits ur corrosi on products. ,

The coupons will be cleaned using the following
solutions:

(a) Carbon steel and low slloy

steel S p.c. sulphuric
and solution with
005 e Co bﬁta-
naphthol or 0.1 p,c.
di-o-tolyl thiourea.,
The clecaning should
be done at room
temperature,

(b) Copper Alloys Dip for 2 to 3 min.
in 18 p.c. Hydro-
chloric acid or 10
p.C. sulphuric acid
at room temperature.

(c) Stainless Steel ; 10 p.c, nitric acid
at 60°cC.

vof oo




b - ™.

. | After dipping in the cleaning solution, coupons
should be scrubbe’ with bristle brush.

The coupons should be photographed after cleaning
and drying and should bc examined for the follow ng

1) Loss in weight determination.,

2) In case of pitting type of attack on the
coupons, the number, size, depth and
distribution of pitting should be noted,

3) In case of irtergranular attack €.q. stainless
steel or dezincification in case of brass
coupons, detailed metallurgical examination
should be carried out,

4) The dimensions of the coupons should be
re corded and comgarcd with the originals.

2.8 rosio tes

The corrosion rates will be dete rmined using the
following formulass

. 1, Based on deight Loss
22.3xweight loss in

mils per year (mpy) = miliigrgms
specitic gravily o

the metal x exposed
area of coupon in sqQuare
inches x time in days.

Specific gravities
of Metals are : Admiralty brass 8,17

Low carbon steel] 7.85%
Stainless steel 7.9
2. Bascd on Maximum Pit Depth

Pitting rate (mils : max. pit depth/inter
;(mnet;‘ation per year granular penetration
mppy

time ot fest 1in days.

'0/.'
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3.  Based on Megsyred Change jn Thickness

Reduction of Tnickness = Average reduction in
millimeters per year thickness in mmx?;
(mmpy) me of test In days x

3.0 HEAT EXCHANGER TEST

The objective of this tcst is to evaluate fouling and
corrosion of heat transfer surfaces by cooling water
encountered in coolers and condensers,

3.1 Heat Exchanger Design

The heat exchanger unit consists of twelve 18 mm '
dia 14 BNG & 1200 mm long tubes on 25 mm triangular
gitch. Tubes are fitted with O-rings which makes
he removal and replacement of tubes casier. The
details of the design are given in Fig.3.

3.2 Qpe rating Conditjions

3.2.1 Flow rate of water through the tubes is an
important parameter of study. Depending on
the material of construction, flow rates of

[ 3, 1.0, 1.5 and 2,5 meters/sec. can be
used, The flow rate should be manually
controlled. To some extent, it is better
that automatic flow controllers are used,
Flow will be controlled in the exchanger
outlet line.

3.2.2 The hot medium in the €exchanger should be
2 kg/cm? steam., It is cssential that a
stcam pressure regulator is used,

342.3 Pressure drop of water across the €xchanger
will bc measured., A suitable manometer will
work satisfactorily.

3.2,4 Arrangement for measuring the inlet and
outlet temperature of water will be rovided,
Howe ve r, tﬁe inlet and outlet water Cmp: -
ature shall not be controlled,

3.2.5 All relevant data, e.g., tempecrature, pressure,

flow, etc, described above will be recorded
once for shift,

’ oo/
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3,2.6 Period of trst will be minimum 30 days
| for evaluating c.steel tubes and 60 days
for brass tubcs.

. Note: Special concitions in a plant may
requirc different conditions in the
test exchanger.

3.3 on o 2sults

3.3.1 gorrosion

3.3.1.1 Thc tubes after the test will be
removed, marked for identification,
and split into two €Qual halwves.
Thc slit will be horizontal as
seen in the original position in
the tubes, The nature of the
fouling (deposit, corrosion product,
€tc) will be noted and ggotographod.
The deposits will then removed .
as far as possible by rubbing with i
stiff bristle brush under running
water and the tube surface examined
carefully for its appearance., This
is specially important for the
evaluation of brass tubes where
dezincification may take place.
If facilities exist, the mechanical
clening should preferably be donc
with fine sand blasting.

The tubes will otherwise be cleaned
using acids as given in para 2.7.

3.,3.1.2 Approximate pecrcentage of total
area of any ‘ljocalise corroded region,
¢.9., pitting, dezincification,ctc,
will be determincd. Pit depth will
also be measured and recorded,

3.3.143 In case of suspected dezincification,
a scction of affccted tube will be
¢xamined under miscroscopc and thc
depth of attack detemmincd,

ol e




3.3.2 Poyling and Friction Fector

The fouling and friction factor calculations
will be hegpful in giving the effectiveness
of water trcatment and inhibitor additions,
The test heat exchangers give necessa

deta from which those two factors can
calculated using standard formulae.

4.0 CRITERIA FOR FINAL ASSESSMENT

The results obtained by these tests offeér valuasble

deta regarding the corrosivity and/or scaling of water.
The final criteria for the success of any cooling
water treatment should be the inspcction of the
equipment in which the cooling wager is being used.
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HOMS RE! INERY
INGPECTIC. DEPARTNENT

PROCEDUKE FOR SHUTDOWN PLANNING
AND EXECUIION OF WORK,

SCHEDU LD SUTDOW.!
(1) Qrganisation

Before the shutdown the Chief Inspector will
constitute a shutdown team which will be headed
by Area Inspector of the particular area as
Shutdown Inspector, He will be assisted by
inspectors and inspector assistants, Though
inspectors and inspector assistants are assigned
to definite arees they will be required to work
in the shutdown as decided by chief inspector.
In such cases the assisting inspectors after
completing the shutdown work and submitting
reports to the Shutdown Inspector will resume
normal work in his own area. A shutdown organi-
sation shall be as follows:

Shutdown Inspector

(Name)
L £ P R M
Inspector (name) Inspector (name) Inspector (name)
(columns and (heater) (heat exchangers
vessels) pipelines, pumps)

Of course the division of aress (equipment-wise) shall
depend on the size of the Units.

Copies of the shutdown organisation will be sent to all
Departments, engaged in the shutdown for information.

(11)  Plapning

Eech Inspector will review the past history of the
equipment, he will bve 1nspectini in the shutdown
and note down thc data and high ights of the pre-
vious findings on the prescribed field sheets., He

will also prepare gauging sheets and collect sketch-

es for reference.

../'0
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Inspection work rust be accomplished during
scheduled shutdc n period. Actual rerformance

of inspection should be effected as quickly as
possible so thet Inspection will not prolong

the down time. The findings and recommendations
of Inspectors . S result in the greater
part of the . ~intencner work done on shutdown,

for these rcascns it is irperative that shutdown
inspection be well planned that the Inspection
forec: be properly organised, that it be well vers-
¢d in inspection methods and that it is equipped
with proper tools. /. pre-shutdown meeting may be
arranged for briefing the members, Before the
shutdown, ¢ ricern ~i.ns cctirg. shall mark the insu-
lation on bends, tues, junctions and other loca-
tions as required for stripping off for hammer
testing rnd geuging.

The Inspection force shall move in thc shutdown
as soon as the Unit is handed over to Merintenance.
As soon a2s clcarance is obtained from o erating
Department hammer testing sh:ll be carried out

by all Inspectors. The shutdown Inspector shall
divide the Unit into sreas and Inspector shall be
agsigned to each area for hemmer testing. The
hammer testing should be completcd on the 1st

day of the shutdown and worklist issued, if
necessary, to allow Maintenance to start repair/
replacement of the lines which zre not predicted
and pre-planned.

Shutdown Work List

A detailed inspection work list shall be grepared
sufficiently in advance cof the shutdown,listing

all the equipment tc be opened «s per inspoction
frequencles, «nd alsce the equipment whose conditions
demand inspection/rzpair/replacement on the basis

of previous inspection findings. Work 1ist shall
clearly spccify the work tc be done, method,
meterials to be used and testing on ezch equipment.
The operating Department shall prevare an worklist
showing equipment to be cleaned, scrviced ete.

from an opercting standpoint. Worklists shall also
be pregared by Maintenance <isciplines like Instru-
ment, Electrical, Civil etc  All work lists shall
be sent teo Maint, Planning Sccetion who will convene
a pre-shutdewn mecting of all concerned Departments.

'./.l
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The work 1lists caall be reviewed and any questions
resolved. Then the Kaint. Dlanning Section shall
complle all work lists and issue a finel work list,
All modifications and new installations should also
be included in the work list, The Technical Ser-
vices Department issucs drawings for such work.,

Work list during the shutcown

After inspection if any repair replacement beccmes
necessary which was not anticipated, an worklist
in triplicate will be prepared by the £nspector
concerned and apprevel to ke obtnined by the faut-
down Inspector snd the representative of the
Opcrating Depurtment, Then it will be issued to
the Maintenance Department fcr executicn with a
copy to the ¢perating Denmartment,

Recision

In cese of a repair/replecument of a reutine nature
decision will be taken by Iinspccters. Any unusual
corrcsion or any cther forn of detericration will
be immediately brought to the nctice of the Cut-
dowvn Inspector who will alse inspecet the affected
equipment and take decisicn on repair/repiacement
ig deemed necessary., Shutdown Inspector will keep
the Chief Inspcctor infirmed of unusuzl conditions
snd progress of the shutdewn,

An cquipment purch-se ~nd rcpair committe shall
be ccnstituted with representatives frem Operaticen,
Maintcnnnce, Steres, Techniecel Services, 28 members
and Chief Inspecter as Cheirman of the committee,
Fcllowing the shutdewn the Chéirman will convene

a meeting and submit reccmmendations for mejer
repair/rcplacement tc be made in the next shutdcwn.
Necessary acticns for material procurement, pre-
fabricaticn, drawing shall be taken by the ccn-
ccerned Department., Inspecticn shall alsc follow
up and ensurc that the equipment/materizl arc
availablc during the next shutdcwn,

vo/ o
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Shutdcwn Inapection Repert

Inspectcr shnll propare ¢ repert for the e uipment

inspected by him with 211 findings reccrdeg by him

in the field nctes. He sha.il work cut corrcsion

rates, ruucining life span and predict future
repair/replacement, Shutdown Inspecter will review,

cempile them and subniil to the Chicf Inspector for [
approval,

The final repcrt shell be sent t- the Menager of
Enginecring Scrvices.,

The repcrt sheil include the fellowing parts:

1. Title pege :

2. Table of ccntents,

3. Shutdcwn pericd and interruptions during
:gz.}gg§.run (Date, cff-strcam pericd and |

b, Summary : Highlights cf cbs:rvaticn and
reccmmendaticns.,

5. Detailed findings (equipmen:-wise),
a)  Hsater

i. Tubes-Tnternal ~nd Externnl,
ii. Recturn )ends.
iii. Plugs, Holding members & screws(Stopper,
Traverse & Belts)
iv. Mascnry,
v. Appurtenznces(tubes hangers, supperts,
burners, skin prints ete,)
vi, Stack,
vii. Fcundaticn and structurc
viii. Hydrcstatic Test,

b)  Zolupns
i. Shell & Heads
ii. Trays _
i1ii. Appurtenanccs(M.nways, 8tecam ocils cte)
¢)  Ycasels

i. Shell & Heads
ii. Aprurtenrnccs

../..
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d)  Hsat Gxobrngs Equippent
i. ©Shell
i1, Tube Bundle
1ii.  Shell ceover, channel bex, channel

eover, floa{:ing hcad,
iv. Test,

e) lipas & Fittinga

f) fafety Volves

¢) Retating equinment

dobigipated Bepair/Baplogumsnt. (Rouilmmaninisg)
Bouibsant nurchass regonmendaticns



ANNEXURE B
INSPECTION HIGHLIGHTS QF MAY 1975 SHUTDOWN

Inspecticn Specialist hos been fully asscciated in advis-
ing in dey-tc-day preblems ~nd alsc during the May shut-

dcwn.

Some of the highlights of the findings and recommend-

aticns are given belcw:

(1)

(11)

(311)

(iv)

(v)

In the Kerc zine of the main Cclumn ¢f Unit 10,
the shell had ‘htwlged. inside, apparently caused
during 1973 war, and the ss 410 clndding irside
tern., Details ~f the repair cerried gut are
being requested for study and advice.

All heat exchengers do not hnave test rings which
mckes testing for tube lesks time consuming. Rings
for all exchangers were recomncnded.

Shell side fouling in exchangers is generally
mild and no pro®len in cleaning with hydreblast
is experienced. Touling is howcver severe in
stabiliser overhead condenser shell, The prcblem
of stabiliser cverhead condenser will be studied
in detall after pertinent datc are collected.

Tube side fcullng of coolers and ccndensers was
comparatively heavy and scme ¢f the tubes were
found tc be completely plugged.

This is connected with water sidc preblem. CSO
weuld study in cetail the coperating conditions

and water treatment te find mest eccnomical sclu-
tion tc the problem. Possibilities of chemicrl
cleaning will alsc be examined bescd ¢n scele
annlysis, lccnlly aveailnrble foeilitics and experi-
ence & eccncemics,

The minimum geged thickness at the cuter radius
on & long radius bend wns 4.5 mm against criginal
10 mm cn coverhead vapour line cf unit 100, A4s
the naterial had renched retiring limit as per
API standard, replacement of affucted pertion was
rc commended. '

Corrosicn of O/H vapour line is low and causcs

of attack in this lccalised area wculd be examined
in detail and reccmmendations, i{ any, given,

.O/..



(vi)

(vii)

The top Scetion ¢ the crudce froeticnating tower
was reported ns , roblem zrea., Tnis secticn 1is
lined with 600 x 450 x 3 mcnel plates., On
inspceticn 40 Z of 1lining wi.s found tc have
“uazcd,. Previcus repair procedure ccnsisting
of arilling smell heles in the lining, hammering
the lining b-ck intc shaope 2nd clcsing the
drilled hcles with cepper plug did not impreve
the situnticn. e lining prccedure recommended
is that =ulre? sceticn ~f the lining be cut cut,
shell inspected amdé ultrmoonic-lly gauged from
outside for eny reducticn in thickness of the
¢.s. shell and then relinced using 100 cr 150 mnm
wide mcnel strips withcut plug wclding or with
wider sheets with p1 3 welding.

ALlternately in thc tmlred [plate cut holes 20 mm
dis 100 tc 150 mm npart (in *~ nlar pattern fer
450 mm wide existing platc) Prert the lining back
and then plug weld thc strips tc the shell., The
plug welding shculd be dene in two passes, the
first pass being made around the perirhery cf the
hole, to provide required joint between the liner
and the shell. Te hole i5 then filled by the
2nd pess, the welding storting in the centre of
the sheet and then pregressing outwardly tc the
edges. Mcnel electrndes (Mencl 198) will be used
for welding. Dctermine any loss in thickneas by
ultrasconicclly geuging from the external face.

Bridge well of e heater cn un. t 100 was inspected
thc rcughly. While brickwcerk was %enerally in geed
ccnditicn slight inward tilting = tube suppert
lce=ticn was chserved,

It wns reccmmended that misalignment cf bridgewall
and deflection cf tube sup-crt be recorded periodi-
cally., From the conditicn it was nct considered
necessary to change the tube sheet or te¢ re-do

the bridgewall., Thc ccnvecticn tubes were ccnsider-
ably fculed and adequate cleaning is essential
during shut fcwns to lmpreve he=t tronsfer and te
prevent attack cn the tubes during shutdcwns due

tc acidic nature of the depesits.

washing cf the tubes with very dilute ammceniated
water may prove te be adequetc. Preventive measures
against undue sceking of refracteries shculd be
taken., Heating up shculd be =8 fcr new lining.




N

During the May 1975 shutd~wn ©SC site leader helped in
preparing the shutdcwn werk 1ist for pumps and n werk-
plan and ber chart schedule, In sdditicn, advice on
majcr day-tc-‘-d% prcblems requested for wos alsc given.
8cme of the highlights of the spucific prcblems sgudied
and advises given are ns under:

(a) Flonge on a bearing hcuse had cracked, This shows
the impertance «f checking nnd centrnlling flenge
face with respect tc the bearing lccation area.

(b)  Twe erupling failures cecurred due tc oaking of
grease and consequent lcss of lubrication. A
pericdic PM check on coupling ccnditicns aveids
this type -f fallure, € PM list c-nt~ins this
cigspﬁction and the PM schedula ensures pericdic

ecks,

(¢) Use of 'Meolykete' or similar mclybedenuim dis-
alphide greese cn mating surface for high tempera-
ture rctating equipment was rec~rmmended tc prevent
galling. This should nct be used for s.s., nickel
and gg por allcys where atteck due tc sulphide is
pcssible.

(d) For cverhauling ¢f four nos. of reciprocating
ccmpresscrs in the LPG plant, attention wes drawn
tc checking cf 1t s, ¢.g. bearing clearances
conditicn of cylinder liner, ccnditicn of pisten
shee and babbit, alignment ¢f erank and conditien
cf cress head and its clearance ete, Need for
check by magnaflux and dye penetrant c¢f the weld
repaired area of cne of th: dameage piston was
emphasised,

(e) Regular vibraticn survey of critical equipment
is uscful and fer this purpnrse purchasc of a hand
held vibraticn meter wns suggested.

(f) For field work, use of pneumatic wronches and
torque multipliers for bclting instead cf slogg-
ing spanner being presently used wculd speed up
work.,

(g) Use cf Decren or nylen belts instead of wire slings
fcr the handling of tube bundles wes suggested
this has becen agrecd by the Refinery Management.
The ag:ablasting machine 1s put tc gccd use for
cleaning, /



(h)

(1)

(J)

(x)

-2

Danger invclved in eny hcse leak cf hydrcblast
cperated at 6000 psig was pcinted cut.

Numercus bearing failures with resultant shaft
scoring in scme cnses have bec:n experienced. In
geced majerity cf the cases such failurcs can be
avcided by systematic and periocdic checks of
lubricaticn, bearing ccnditicn, cocling water
flcw and vibhraticen, These checks are included
in the check lists finelised,

During discussion docms Refinery management
requested for a manuel listing all eclums and
exchangers fcr units 10 and 100, The manuel

will include infcrmaticn cn material, size, quenti-
ty, belting =nd gasket detoails z2longwith detailed
ma{ntenance Job breakdcwn with standard time for
Job staerns.

Specinlists heve been requasted tc help in making
a 8/D work plan for Unit 10 scheduled for Sept.
1975. In this connecticn werk lists have been
requested for well in advance.



ANNEXURE H

HOUS REFINERY
NSPE ON DEPAATN
E[ CHECK T
UNIT :
VESSEL :
DATE :
1- SHELL AND HEADS EMRG
2)  Visual Inspect insidc surfacc !___, i
b) Mcasurc thickncss I .' !
c) Inspcct lining/cladding f_w__;I
d) 1Inspcct intcrnels a W ‘
2- MANWAY AND OTHER NOZZLES
2) Hammcr test e d
b) Mecasure thickncss :i:i:j
c) Chcck gask:t faces 1
3- INSPECT EXTERNAL T
Insulation

4. Hydr»>. tcst,



¢ ANNEXUFE 1

RCGEQLE OF REGULREMENTS FOR SEAL -WELDING

§eal-welding practice j; Sealweld to first valve all
thresded connections on e?uipment, nipples and piping
which cannot be blocked off, or beyond the firsg valve

c:fnquired for systeas which cannot readily be blocked
of f;

Sealwelding practice B: Sealweld all threaded connections:

R

SERVICE | Above | TEMPERATURE | i RESSURES |SEALWELDING
Ground PRACTICE
Below
1) rocarbons |
all columns All All A
& vessels
2) Hydrocarbons Above Under 450°F | 100-230 psig A
. excluding l
volatile |
Hydgocarbon Above Under 450°F | Over 230 psig B
such as
L.P.G.,Fuel Above Over 450°F All I B
Gés & Hydro-
gen Below All All 'B
3) Volatile , -
Hydrocarbons Above All Jnder 100psig A
such as L.P.G
Fuel Gas & mll
Hydrogen. Above All Over 100 piig B
Below All All B
4) Hazardous
Chemicals Above All All B
including
Caustic &
icid and
Mixtures of ;| Below All Loall B
these with b |
Hydrocarbons 1 }




ANNEXURE &

CS0/COoP-6
CODE OF FIMACTICE
FOR

SKIN TEMPERATUAE THERMOCOUPLE FOR HEATER TUBES

COPY REIGHT RESERVLY
The contonts will not be rcprodue=d,
copicd, loancd, ~xhibitcd, divulged,
or used except for the spceific
purposc for which it has bce¢n givin
without thc writtcn consent of
Ccntral Serviccs Orgenisation,
Engincers India Limitced

CENTRAL SERVICES ORGANISATION
BNGINEERS INDIA LIMITED
NEW DeLHI
JULY, 1973
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1.0

2.0

3.0

CODE OF PRACTICE
FOR

SKIN TEMPEARTURE THEATJCOUFLE FOR HEATER TUBED

A S il P—mgheiwe g 3 S R S

INTRODUCTIN

The failurc of hcetcr tubes by strese rupture is often

duc to inadvertcnt opcration at highcr tcapcreturc as a
rcsult of coking or scverity of opcration and is causcd

by factors strcss and tempcraturce indicrtcd respe ctively

by prcssurc gauqc rcading and & skin thermocouplc indicating
tubc wall tempcraturc.

Installation of the themmocouplcs for tubc wall tempcraturc
thercforec has to bc done with cxtreme carc so thaet » corrcct
and dependable reading 1is obtainecd and the hcotcer firing
can be controlled in order to prevent tubc burst.

DESIQN OF HEATERS

The design of 2 hcnter is bascd on ccrtoin maximum
conditions of product tcmpcraturc, rressurc ~nd throughput.
The temperaturc of heeter tubes which governs tubc li?c

is highcr than that of the aroduct and dinends on hcat
flux which is non-uniform over the lcngth ~f thc heatcr,
thc maximum being 3 times averaic £lux in a vertical
flame heater existing on the outlet tubes at 1/3 height
fTrom the floor when the tubes are internally clean.

Normal design criteria rrovide for more than ten years
1ife of the hcater tubes.

OPERTL 3 VARLA LES

-2
——— s ¥

Following operatiny factors influence the cesign conditions
and have a good bearinj on tube life:

3.1 Incorrec t assumpti s in desiin

3.2 Flame Impingement

This can be due to incorrect design or operation
and can ve corrected by improvement in o eration or
changing the desion (usually burncr). Tge external
refract>ry coverings can also prove helpful. Flame
impingement cannot be taken into account for deter-
mining tube life and this must be pravented.

Y




3.3
3.4

3.5

3.6

9 4.0

5.0

5.1

i G

N

sion
an

Qo rrnsi
Low strcam velocity through tubcs

This is sometimks observed du: to uncqual flow through
the coils of multipass hcatcrs resulting in bad h.at
transfur cspccially in the down flow tubcs giving risc
to highcr tube wall tumperaturc. This should be
prevented by design and/or opcration.

goking

Coking or intcrnal scaling by crcating a barricr in hcat
transfcr from tube wall to product, raiscs tubc-wall
tempcraturc thus lowering allowable stress valuc and

if uncontroallcd can lead to tubc burst.

Incrcasc_in opcrational severity

#ith the increase in operating conditions like throughput
and product temperature skin temperature tencrally gets
raised because of hecavier heat flux. This can also lead
tn coke¢ formation and, if uncontrolled, can lead to
premature tube burst.

SELECTION OF TUBE NATERTAL

Tube materials in lhe heaters opcrated und:r corrosive
conditions and/or high tempcraturc arc gencrally 24 Chrome
1 Moly. 5 Chrome 4 Moly, @ Chrome 1 Moly or ~ustcnitic
steels,

CONTROL OF TEMPERATURE

Allowable stross or stress rurturc lifc dccrenscs with
increasing mctol temperaturce, dence it is very vital
to have proper skin couples to control tubc wall
temperature.

A standard desiyn of skin couples is shown on drawings
CSU-004, Sheccts 1 ~and 2 whereas sheot 3 gives instructions
for installation. Il is nccessary thet the skin couples
arc fittcd ot places of maximum temperaturc., Undcr non-
coking conditions or uniform col:iing conditions, maximum
temperaturc is on the outl-t tubc at 1/3rd hcight from
bottom. Howcver, in somc¢ he-tcrs, maximun coking mey
occur in intermediatc tubcs, c¢.a., in the heating
sc ction of a Vishrceker and not in the soaking scction,
Expcrience on the unit is then the guide for location
of skin couplcs.

s 00 3



5.2

5.,2.1

5.3

6.0
6.1

6.2.1

Mormally the limitation of shin temperature is, by design,
based on 100,000 hnurs life but sperational needs may
requirc to excecd the normal liiitation., Any increase

in tempcrature will of course reduce tube life and

hence inspection procedure should be established to
measure creep and prevent stress rupture failure by
timely rencwal of tubes.

Maximum temperature limits on the basis of high temperature
oxidation are shown in the following teble:=-

DS s e e AR B W A SR S @ Y W W S € S e @ -—- e BRI L I . e

Material ché%gd_ﬁgéistancé
24 Cr 1 Mo stecl 635
5 Cr 4+ Mo stcel 650
9 Cr 1 Mo stecl 705
18/8 Cr-Ni stecel 870

. o P £ W ms B A A . WS S e S PR B WS ROER S Sl E s @ e =S S e SEeRmEmram-e

It may bc notcd that the skin couple readinjys are not
100% reliable and the -perator should check between the
correct and incorrect readings and ask the Instrument
Deoartment to investigute the source of incorrect
indications.

INSTALLATION

Standavd design thermocouplés ere manufoctured for
measuring skin temoer-turis. Since indications
obtained from thesc arc »f grere importance in control-
ling the oneration so that tube skin tempernture does
not excecd and cousc itulw hurst, their instnllation

has to bec in corrcct manncr s> thot faulty rcading
and/or prcuaturc failure of the couplss mey not

rcsult,

Good performance dupunds on correct ordiring and
installation. Thc drawvings show dircctions for
ordecring and installation,

Carc should bc taken that maximum mctal to mctal
contact is cnsurcd botween the *pad* and thc hcater
tubec., The pad should have corrcct curvature to fit
closely on the tube. Jdclding installation should be
supervised t> prevent high wclding tempcrature.,

'..4

——"
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6.2.2 The clnmﬁing encures cont~ct »f the thermocouple

6.4

tube with colder henter tube wall till it reaches
the shadow zone. The double hairpin of thermocouple
tube safeguards against damage by thermal movements.

Thermocouple tube is rather brittle when conld and
therefore the inspectors and repeir crew should toke
care not to damnge these during shutdowns.

Inspection should be fully consulted and this work
of installation must always be with inspection
approval es regards procedure.
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INSTALLATION OF THERMOCOUPLE FOR ‘ '
MEASUREMENT OF SKIN TEMPERATURE OF FURNACE TUBES

IUEE SKIN TMERMOCOUPLES :

WELDING-PAD-TYPE THERMOCOUPLE WITH MAGNESIUM OXYDE INSULATION
IN AISI 310 STAINLESS STERL MASTELLOY-X CLADDED SHEATH HAVING
AN OUTSIDE DIAMETER OF 4.76 wm (3/16°). THERMOCOUPLE TO BE
*TIPGROUNDED®. ' :

WIRE MATERIAL:

a) NO. 24 BS GAUGE {0.46-0.5 mm) PLATINUM/PLATINUM 13% RHODIUM
WIRES IN ACCORDAMCE WITH NBS STANDARDS:

b) No. 20 BLS GAUGE (0.8 mm) CHROMEL ALUMEL/WIRES IN ACCORDANCE
WITH NBS CIRCULAR %1, .»

THE WIRE MATERIAL AND LENGTH OF TOTAL THFRMOCOUPLE SHALL BE AS |
SPECIFIED ON REWISITION,

-

%o @rawing end the design it covers are the preperty of ENGINEERS nwreo. Thay are merely loaned and on the borrower's express uromm *
nol be repreduced. copied. loaned. sahibited. not weed except in the and privete use permitted by any written consent given by the lender te .

ELING: :
THE LOGATION ECTED ON THE PURNACE TUBE HAS BENN
Y Q. EBANED NDING, THE *PAD® SHALL BE CAREFULLY
not:s TO BE ALONG ALL FOUR EDAES WITN A -
39-20 Cri BLECTRODE, TACK WELDING I8 NOT SUFFICIENT, 8

WELDENG PROCEDURE SMALL CONFORM TO SHOP PRACTICE, CAMNE SHOWLD
BE TAXEIN THAT MAXIMUM METAL-TO-METAL CONTACT IS ENSURED BETWEN
THE *PAD® AND THAT THE THERMOCOUPLE IS NOT DAMAGED BY THE HIGM
WELDING TEMPERATURES,

A PORTANLE INSTRUMENT MAY BE USED TO INDICATE THE RISE IN b
. THE E TRMPEMTURE AFTER WELDING GACH EDGE AND THE WELDING:

OPEMATIONG D BE INTERRUPTED FOR A PERIOD OF % MINUTES IF

TME MEASURED TEMPEMTUNE EXCEEDS 300°C.

FURDHAR ZMGTALLATION ¢

AFTER WELDING, THE COUPLE SHALL BE SENT AWAY FAOM FLAMESIDR
oF TNE TUBE THE SHADOW SIDE AND BE PROPERLY AT TO THER .
TUBR maw.m-nuwmmmmlmamj
N CONTACT WITH THE TUBE FOR THE PURPOSE OF CODLING,
TO RELEASE THE COUPLE PROM STREBSES, AN EXPANSION LOOP SMALL
. PROVIDE A PLEXINE COMECTION TO THE COMPNESSION
THE TMERMOCOUPLE MEAD EXTENSION PIBCH.

-
-
g
23

l;mm INDIA LIMITED suua‘ SION OF SXIN _DRAWING NO. AEV.
O ﬁ A.M..a
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C80/COP-17
CODE OF PRACTICE FOR
PERIODIC TBSTING OF GAS CYLINDERS

: . COPY RIGHT RESERVED

' The contents will not be reproduced,
copied, loaned, exhibited, divulged
or used except for the sgpecific ,'
purpose for which it has been given
without the written consent of
Central Services Organisation,

. Engineers Indis Limited
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1.0
1.1

1,2

1.3

1.k

GSO/COP-17
PERIODIC ToSTING QF GAS CYLINDLRS

LDRAULIC STRATCH TEC

Bach cylinder shall be subjected to & hydraulic stretch
test by the water jackest method in every five years.

No pressure greater than the working pressure shall
have been applied to the cylinder before the test.

The water jacket method is that in which the cylinder is
enclosed in a vessel filled with water and which is
fitted with a ga.ge glass projecting from its upper cover,
The change in volume of the cylinder on applying and
after removal of the internal hydraulic pressure are
measured by the changes in level of the water in the
gauge glass.

The permanent stretch shown by the test shall not exceed
10 per cent of the total stretch under the test pressure.

le3t Pressuges

1.4.1 Cylinders for gases which at the usual working
temperature and pressurc remain in a gaseous
state in the cylinder shall be subjected to a
hydraulic strctch test and _the test pressure
applied shall be 210 kg/cm@ or the test pressure
stamped on the cylinder whichever is higher,

1.4.2 Cylinders for gases which are generally reduced
to the liquid condition b{ the pressure used in
charging them into thc¢ cylind~r shall be subjccted
to & hyéraulic stretch test by the "water-jacket'
method and thc test pressure applied shall be
calculated from the formula;

P =2 ft/D-t
where P = test pressurc in kg/sq.em.

f = 2362 kg/sq.cm.

t thickncss of cylinder wall in cms.

D outside diameter of thc cylinder in cms.

Test pressurcs calculated from the formula are
given in Table 1.

The test pressure for cylinders for carbon
dioxide, nitrous oxidec and ethylene is 236 kg/cme
in all cascs, /




. 1.5

1.6

1,7
1.8
1.9

1.10

1.11

1,12

-;2;-

Oxygen, nitrogen snd LPG cylindcrs which are filled by

the llefincery shall be t st-d by the tlefinery Inspection
Department, Other gas cylinders shall be tested by the
outside agencics filling them,

No cylindor shall b2 fillcd with ges unless such
cylinder has bcen subhjected by the persen £illing it
to the hydraulic test spceificd in para 1.b within the
preceding five ycars and has passed that test,

Tcst pressure and drt: of the last hydraulic test shall
be clearly ctamped on the neck end of every ceylinder,

All toest rosilts shall be rccorded in the prescribed
form shown in /ppendix A,

Inspeetion Depnrtment shull maintain & record of all
cylindcrs,

iny cylinder which fails to pass the hrydraulic test or
which for any other rcason is found to be unsafe for
use shall be daestroycd or rendered uscless,

Cylindors shall be clenned for inspection so that inside
ond outside surfacss and all conaitions can be observed.
This she’l include removal of scnle and caked peint

from the exturior =nd the thoreigh removal of all
internal scalc. Cleaning ty high nrussure water iot is
preferable. Oxygen cylinders shall be finally flushed
with carbon tetri chloride to remove traces of oil which
forms = combustible mixture with oxygen.

485t _Frocedure

i) i1l up the eylinder with weter,

i1) Put the cylinder inte the water jacket.
i1ii) Connect the cylinder to the pump.

iv)  lose the 1id of the jncket,

v) F111 up the jecket with water and vent.

vi) Heed the water level in the gauge glass and
record (V1).

vii) Start the punp and raise the pressure. to the
required test pressure.

viii) Stop the pump when the test pressure is attained,
Read the w:ter level in the gauge glass snd
record (V2).




2.0
2.1

Jwould

2.2

~2 3 1=

ix) Relezse the pressure and read the water level in
the gauge glcss =nd record (V3).

« « Total streten

Vo -V
rermencnt streteh = V3-V

If the permansnt streteh (V3-V1) is more than 10
per cent of the total stretch (Vo-V1) the cylinder
shall be considered uns:fe for filling and shall
be rejected.,

VISUAL INSPECTION
External

Cylinders shall br inspected externally for corrosion,
dents, bulges or any other defcct thrt might crecte a
weakness which/render it unfit for sarvice. This
inspecticn shall be carried out at least every time the
cylinder is periodically retested.

Anternal

Cylinders shell be inspectcd internally for norrosion
or any ofther internnl defect at lcast cvery time the
cylinder is periodicall, retested. This exnaminetion
shall be made with a 1ight of sufficient intenszity to
clearly illuminate the interior walls., Flamsble ges
eylinders shall be ourged tefore being examined with
& light. Lamps for flnmable gas cylinders shall be
ve our-proof,

2.2.1 Corresion

If corrosion is observed the acceptance of the
cylinder shall be brsed on the combination of
the hydraulic test ond the judgement of the
Inspector. Ultrasonic thickness measuring snd
flaw detecter devices may be used in measuring
and evaluating any specific defect.

2.2.2 lnternal Defects

Internal defects other than corrosion are
uncommon, Any such defects cen be evaluated to
some degree by the following

2.2,2.1 1If the bottom of the defect can be seen
it may be possible to evaluate the
defect with judgement,

2.2.2.2 Where the bottom of the defect cannot
be seen and where its extent cannot be
measured the cylinder shall be rejected,

./




2.2.3 Hagmer Test

A hammer test consists of tapping a cylinder with |
a light blow of a 1/2 kg. hammer. A cylinder |
empticd of liqui? content with = clean internal |
surface will hav: a nlean ring. Cylinders with :
internal corrosion will give a duller ring

depending upon the amount of rust accumulation, [
Such cylinders shall be investigated.
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_“ FOR MAXT UL 1UTIhI5ATION
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INTRODUG (Y. \

Camtm om e

Tne 2Cr-2.20  furrac. Lo oo of o Focicr unit have been

in siovier i ey ",Eﬁlf‘itely for 16 years,
The anit hne beu Jn.ll»y» f roco rtain veriods, however,
an drCHJdlL ot sl t oo telays cou d pot e obtained,
Sinct the povind of op rutdo ir ceico cxceeds 100,000
hours, oomecom Lndolion was csiced for continuel use of
these tabee in servicﬁ for arn +~<¢iimated fut@re period.

The maximum operating conditinns of the tubes are
following:

F=291 F-202 F-.203
Inlet pressure kg/cm2 35.0 37.0 36.0
Outlet pressure kg/em2 No gage
Inlet teuy. ©C 416
Jutlet temp. °C 505 502
The tube dimensions are as follows:

F-201 F-202 F-203
Outside diameter, mm 152 219 219
Nnll thickness, mm 15 19 19
DESI I GRITE.ATA FOR NEW_TURES
According to accepted stoendards, the nominal design
st}fsc‘cor?qu?lem? : operation with clcaq tubﬁs is
usdually the lovwwr ot the faollowing stress values:
i, 100% of the stress requircd to produce @ creeg

~te of D,01%/1000 irs. besed upon a conservative

avernge nf rkporbcd test as avnluated by an
ruthocitative camrittew,

i1) 6% of thc sverane strts required t> produce
rurtun at the ond of 13) 020 hrs or 80% of the
minimum stress required Lo produce rupture in
100,000 hre, Modern trend 1s to calculate
allowable stresc on the basis of 60% of the
average stress required to produce rupture at

the end of 120,000 hrs. /
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3.0

4.0

4,1

¢ 2 -

For many years, engineers have necded a succc ssful
method of determining the residual life of components
subjected to crcep., It is <specially difficult to
decide when to replace components in the most economical
manner when therc is uncertainty about their particular
thermal history, iIn the past, nenerally, a limit of
100,000 hrs has bern et as a limit for creep life in
the abscnce of rcliabli « wporimental data nd/or
experience. This is hecs sC the creep rupture tests data
were available only upto 170,000 hre, However, it has
been establishcd recently that the mnst critical failure
parameter iz the 1% creep strain rather than the time
1imit. Further data for periods sver 100,000 hrs are
also available. On these basis, it has been possible to
extend the service life »f walerial in hiqh temperature
service tube hcater and superheatér tubcs to more than
100,020 hrs.

It is gencrally observed in Refinery heaters that actual
operating stress is considerably lcss than the design
stress, The following recommended procedurc is bascd
on this fact and ncwly availablc stress rupturc data of
5Cr-4io matcrial (finaliscd in March 1974 by 1S0) for
pcriods upto 253,000 hrs, given in attached figure.

rocedure

.14.1.1 Determinc external tube diametcr and tubc wall

thickness prcferably to an accuracy of J.15 mm.

4.1.2 Calculate opcrating strcss for thc mcasurcd wnll
thickness using thc formula given below:

t = PD
TETTW

SE=PD -2V
i

N

or

he rc Jperating strecse in psi

1.0

Opcr~ting prcssurc in psi
tube wall thickncss in inch
J.D. in inch.

T

S
E
P
t
D

T T I L 1]

<

4,1.3 Multiply the og»c rating strcss by 1.67 to detcrmine
thc maximum allownble stress,

00/00




4,1.4

4,1.6

4.1.7

4.,1.8

4.1.9

4,1.10

4.1.11

4,1.12

-1 3 Ll

Assume the tube (not wall) temperature about 30°C
above the minimum operating tempereture or actual
value, if availnble,

Based on the new design rupture stress and tube
wall temperature determine tht rupture time from
strcss/time /temperature curve for crecp runture of
5Cr-0.5Mo given in the attached figure.

As original and subscquent periodic tube wall thickness
measurements arc not available for first calculation of
rupture time consider th-t present thickness has

opc rated for the prcvious run.

For futurc campaign consider thc channac in wnll
thickness cxpccted duc to corrnsion ~nd oxidation
at thc end of the campaign to dctirminc rupture
time. Avorage corrosinn ratc can o detcrmincd
from chanjc in wrll thickncss since commissioning.

Total remnining lifc for the tubc will bc rupture
tim (~s dctcrmined from 4,1.5) minus opcratcd time.
However, at cach shutdown it is to be esccrtrincd
that the rcmaining 1ifc is morc than twicce the perind
of next campaign botween inspoctinns,

If 0D m.asurcmcnt show the change to bc more than 2%
of origin~l diemcter, tho tubc should be discardcd
cven if the remaining 1ife is favourablc.

It is important thst intcrnnl surface ds free from
sulphidc scaling which can caus. TaCTCASC in hceater
tube tomperaturd loading to rupture or deercast in
tube 1ifc. The intomal surfic. should b insp.ctcd
At cach shutdom and if the scel. thickn.ss is over

1 mm the surfrce ¢l nncd or tube taken out of survice,

Onc or two tubcs from maximum suverity "TCEAS (thought

to have ¢ xperiineed e nighost mets? Lempe Tature ) should
be rmoved during the next shutdown and the maturial
t.sted metallographically for spherodisation and also

for mechanical proncrtivs, i.c., yicld stress,

ultimate tensile stress, % roduction in clongation

and arce and impact valuc,

From the availablc limitied minimum wall thickncss
mcasurcments and taking the bulk tube tcmperature

to bc 560°C (a conscrvotive figurc), the rupturc 1life
of the tubes will bc more than 180,000 hours of actual
scrvice (calculatcd from 16mm /T 219mm OD tubc)

s 0’ o0




5.0

In case metallographic/mechanical testing indicate
adverse tendency, further test should be carried out
for extending service life, One or two tubes will be
removed from the area or arcas of heater tubes thought
to have experiecnced the highcst metal temperature (as
for example section of outlet tubcs dircctly opposite

a burner, and "accclerated® rupture tests performed

on the samplc tnbing. Herc acceleratcd rupture test
means gutting creep r oture data in 2 short time relative
to trat unuer design temperatUre and strcss conditions,
This is ~chicved by increasing the tost tompe rature

to valucs highor then Lhe iocign. 5.0, From the
thecoleratodt creep rupture date of used tube and of
similar niw matorial, ~ fraction ropresenting the
remrining creen 1ife is obtrincd;

C_fist 1ifc (tt) .
Lifc of ncw materinl under
the same test conditions (Tt)

This cxnrcssion can be linkcd 1o the scrvice condition
by the '"lifc~fraction' rul: tn gct the follawing
Cxpression:

%é + %% =1 where ts = time in scrvicce.

or Ts = ts Ts = rupture time undcr scrvice
— conditions,
™

tt = timc to rupturc »f s~mple
from uscu tube in ?accclerated?

tesi,

Tt = rupturc timc of ncw tubc of
samc matcrinl under ?accelcrated®
tcst conditions dete rmmincd
from attached figurc

Thc method has bcen developcd by CE3B, UK and
arrangements can be made to get samplis testcd
aCCOrging to this mcthod, It will requirc 6 to 8
months for arranging and complcting thc test,

L I B ]
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ANNEXURE M

i

NOMINAL PIPE SIZE MIN. ALLOWARLE THICKNESS '

TABLE NO.1

Inch m.m, Irch L Mems
_ ¥ 13 0.07 | 1.7%
i K 0.07 .75 |
1 s 0.08 2.00
14/ 32 0.09 2,30
14 38 0.09 2.30
2 50 0.10 2.54
24 62 0.10 2.54
3 75 0.10 2.54
4 100 212 3.08
5 125 0.14 3.5
6 150 0.15 3.80
8 200 _0.18 4,55
10 250 .,  0.19 4,80

NOTE: Thc sbovc minima arc the samc as those given
in A.P.I. Recommcndcd Practice for Refinery
Inspections, Part I. Proccss EqQuipment

Hammer testing is recommended for mominal
pipe sizcs of #" to 3" inclusive.
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CSO/RpP-15

VIBRATION MONITORING AND ANAL YSIS

(Non-destructive Inspcction)

I' TRODUCTION

All typcs of rotating machinerz have accaeptable limits
of vibration. Machinery vibrati.,n due t» mcchanicel
defeets is commun, Increasing vibration severity
invariably &nnounces impunding trouble. Vibration
mdnitoring is the key t- mechincry contral. Perindic
vibration chccks detcet signs »f trouble beforc failure
can occur., ‘When trouble is indicatcd, vibration
analysis pin-points source >f tr.ouble.

Vibration is generally causcd by:

Unbalance, which is thc mast common; Bent shaft;
Misalignment; Bed gears;
Loosencss; ) Elcctrical trouble;
Bad anti-friction bearings;

Parametcrs o>f Vibration are:

- [Displacement .. Maximum deviations, pcak t» pe ak,
measured in mils »r microns,

- Frequency «+ The number »f timcs the vibration
repcats itsclf, expressed as cycles
pcr minute,

- Phase oo -scribcs the vioration of a moving
part with rcfcrence to a fixcd
rcference.,

- Wlocity »+ Sped at which part is vibrating,

expresscd as in/sec. or mm/secc.

Each mechanical dcfect causes vibration in its -wn
articular fashio, Vibration frequency is usually

he same as that of part RPM >r a multiple. Larger
the displacemcnt and velocity, morc scrisus is the
trouble. Vibration is »ftcn complex since various
parts cause vibration. Henee, vibration amalysis can
recvcal the »ffending part. vibration standards provide
guidelines tH whethér an sverhaul is required sr n-t.

Vibration measurcment and analysis help in a sound
engineercd maintenance system, providing adequatc
waming in time, Vibration monf‘toring is done with
¢quipment running and this does not involwve stoppaies.

o/




2.0
2.1

2.2

2.3

VI.BRATION MONITORING PROZRAMME

The salient featurec ¢ the programme are:-

Detection - Periodic vibration checks help in controlled
maintenance. Vibration gives e€arly warning of impending
danger and thus helps in scheduling repairs in advance.

Analysis - A complete frequency analysis is performed
when periodic check indicates trouble. A vibration
analysis can pin-point misalignments, imbalance,
looseness and ihad bearings.

Correction - The first two steps protect and analyse
the equipment condition. Corrective action can be
planned.

vibration Pick-ups

Different typcs of pick-ups and applicatinns arc necessary
depending on machine.

In centrifugal compressors with sleeve bcarings, most
common defccts arc imbalancc, oil whirl or misalignment,
B causc visually the rotor is of light mass and casing
heavy, it is nccessary to measurc shaft vibration. A
new contract type pick up is used to measure shaft
movement with respect to bearing.

In fans, the common problen is imbalance. Unbalance
forces can be casily measured, as displacement at the
bearing housing.

Motors, pumgs and other similar machinery suffer from
imbalance, bad bcarings, misalignment, loosen€ss.,
Vibration velocity is @ good indicator of condition.

Vibration Limits

Naturally after acquiring deta, it is necessary to
have limits on what is tolerable, and what valucs would
indicate requirement of corrective action.

An initial vibration analysis is required to cstablish
rcalistic values. It is normal to monitor cquipment
when it is in good condition and fix a lecvel of 2 or 3
timcs, this vibration as the alarm limit. This value
should however not fall in the rough or very rough
region in thc general scverity chart for machinery.
This scverity chart provides an excellent guideline.

A copy of thc chart prcparcd by IRD Mcchanalysis
International, USA is availablc with thc Homs
Inspection section. /
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2.4 Measuremant Locations

Ust - 1ly bearing housinr are sclcctcd hccause it is
through thc hcaring hot :ings that vibration forces of
rotating elements are transferred. Typicelly recadings
aré taken in the horizontal, vertical and axial
directions.

Imbslancc is cxhibitcd as high vibration in the horizont-
al planae. Misalignment shows up in the horizontal and
vertical Rlanes. Also the axial vibration is 50% or

more of thc horizontal and verticcl vibration lewels.

2,5 yibration Jdentification

Vibration identification chart (Table 1 sehows the
gm 11:ude, frequency and phase characte -istics of most
efects.

Chenge in machinery condition produces shange in
vibration levels and thus vibration is 3 g2od indicator
of cquipmcnt condition. Trend of vibration level over
a period of time is important. Constant vibration level
would indicate satisfactory condition, whcreas e maching
heading for brcakdown would show a rising trend.

Vibration tolecrancec is the level bclow which therc is a
reasonablc confidence in a machinc's satisfactory
condition. Vibration tolcrances arc usually available
from equipmcnt manufacturers, industry .xperiencc from
the goncral machinery vibration scverity charts.

Viication velocity is good indicator of equipmcnt
condition, rcgardlcss of equipmnt specd. Diffcrent
componcnts like anti-friction bee -‘in?s, journal and
thrust bcarings, thrust collars, shaft slceves, mechanical
geals, gear tee{h, coupling ar¢ subjected to different
vibration frequéncics. in snite of these various
possible sources, and vibration frequencics, a single
sct of velocity standards can tcll us whethcr a machine
is running smoothly or corrcctivc action is required.
Velocity standard given in Table 2 can bec used as a
guideline to develop ones own stendard based on
cxperience over the years,
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