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1.0 GENERAL

1 l Scope

1.2
1.2.1

1.2.2

1.3

This specification covers the requirements for residual design, engineering, materials, -

fabrication, workmanship, inspection and testing of shell and tube heat exchangers and is
intended to supplement the requirements of the applicable Codes. EIL specifications and
standards wherever indicated in the requisition shall be followed unless stated otherwise.

This specification shall not be considered limiting and 1t shall be Supplier's responsibility to
comply with all requirements of requisition or bid.documents to which it is annexed.

References
CODES AND REGULATIONS

“The following Codes in their edmon referenced in drawmgs or data sheets or design- basis

along with the other specifications enclosed with the requisition shall form the basis for
design, materials, fabrication, inspection, testing and acceptance of the equipment:

(a) ASME Boiler and Préésure, Vessel Code Section VIII Division 1 (Code), ASME

Section II Part A, B, C and D, ASME Section. V, ASME Section IX.
{b) TEMA (Class as specified on the drawings or data sheets or design basis).
©) IBR, if applicable (latest edition with amendments up to date).
(d) National and local laws or regulations, as applicable.
FOR HEAT EXCHANGERS UNDER THE PURVIEW OF IBR:

(a) Supplier shall carry out design calculations as per IBR and only in case of any

doubt refer the same to Owner and EIL for clarifications. All materials, fabrication,
welding, testing etc. shall meet the requirements of IBR.

(b) In case the equipment is manufactured in India, the design calculations and
fabrication drawings after preliminary review of Owner and EIL shall be got
approved by Supplier from CIB of the State where Supplier's shop is located, prior
to start of fabrication. Supplier shall also provide the necessary assistance to Owner
for obtaining approval from CIB of State of installation, such as providing
additional copies of calculations and drawings etc. as required by CIB of that State.

(c) In case the equipment is manufactured outside India, the design calculations and

fabrication drawings after preliminary review by Owner and EIL shall be got
approved by Supplier from the agency authorised by IBR in the country of
fabrication and the CIB of the State where the equipment is to be installed, before
the start of fabrication.

(d) It shall be the responsibility of Supplier to ncorporate modifications or additions
required by CIB or its authorised agency and obtain the final approval. Owner and
EIL shall be kept informed about these. All costs towards approval from CIB shall
be borne by Suppher All IBR approved design calculations and drawings shall be
furnished to EIL for final review of fabrication drawings and in equipment dossier.

Deviations

In general, no deviations from datasheets, drawings, standards, specxﬁcatlons and requ:smon
shall be permitted. This does not preclude possible innovations or 1mprovcmcnts by the
Supplier based on available facilities. Such deviations must be clearly listed in the format
"SCHEDULE OF DEVIATIONS® in the Supplier's offer, so as to avoid any confusion and
ambiguity and to facilitate analysis of offer in minimum possible time. It shall be taken for
granted that except for the deviations listed under the "SCHEDULE OF DEVIATIONS" in
the Supplier’s offer, ajl other‘technical:requirements shall be adhered to by the Supplier.

Format No. 8-00-0001-F1 Rev. 0 ’ ) Copyright EIL — All rights reserved .
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“ 1.4

2.0
2.1
2:1.1

2.15
2.1.5:1
2.152

Generally no deviations shall be entertained afier the Supplier has accepted the order unless
it is to comply with statutory or Code requirements. All waivers and deviations after order
shall .be routed through the Regional Procurement or Inspection Office In charge in the
prescribed format. Delay in supply of the equipment because of such deviations being not
entertained or approved by Owner or FIL or any delay in processing the same by Owner or
EIL shall be to Supplier's account. Any additional design work in support of such a deviation

“shall be performed by the Supplier and submitted along with the deviation.

Contradictory requirements

In case of any contradiction between the 'requiremerits of the requisition, drawings and other
documents forming part of the requisition, Supplier shall resolve the matter in consultation
with Owner or EIL. Decision of Owner or EIL shall be bmdmg and without any implication

.of cost and time, if not resolved at bidding stage.

MATERIAL SPECIFICA TION

Genérﬁl . ,

All materials used for fabrication shall be new and of first quality. All materials and
accessories required for the fabrication, inspection, testing etc. of the heat exchanger shall
be supplied by the Supplier unless otherwise stated. Whenever some material is to be

supplied by the Owner, this shall be so indicated as Free Issue Material and. the
supplementary specifications in this regard shall be complied with.

In addition to the chmrements of materials as per material specifications, materials shall
also meet the reqmremcnts mentioned in this specification and other specifications enclosed
with the requlsmon All materials shall be certified for compliance with IBR requirements
for the item(s) so specxﬁed While procuring materials, Supplier shall stipulate additional
requirements such jas limits on hardness, UTS, yield strength, chemical composition, heat
treatment and any other specific requirements to ensure that final requirement as per
specification and Code are met with.

All materials for pressure parts and parts welded to pressure parts including materials in the
scope of sub-suppliers, shall be accompanied with mill test certificates duly certified by a
reputed third party inspection agency. In the absence of mill test certificate the material shall
be got tested from a reputed third party inspection agency like CEIL, Lloyds, BV, DNV etc.
and test results shall be submitted in lieu of mill test certificate. All cost towards such testing
and inspection shall be borne by the Suppher All materials shall be inspected at Supplier
and sub- supphers shop for verification prior to use on the. job. The decision of DIA to
accept or reject materials on the basis of such testing shall be final.

Wherever 31mulated heat treatmcnt of test specimens is required as per Code or specification,
the simulation cycle shall include one extra cycle of stress relieving for any eventuality of
repair at site by Owner durmg the life of the equipment.

MDMT shall be taken as 0°C or the design temperatuxe specified in drawmg or datasheet
whichever is IOWer ‘unless specified otherwise in design basis or datasheets or drawings. For
low tempcrature service, all S and LTCS materials for pressure parts and attachments to
pressure parts shal l be charpy V-notch impact tested. All LAS materials for pressure parts
and attachments to pressure parts shall be charpy V-notch impact tested irrespective of the
design temperature. Impact test temperature shall be lowest of minimum ambient
ternperature, de:[;ngn temperature and MDMT. Low temperature service shall be specified in

datasheets or drawmgs

PLATES | »
Pressure parts havmg thickﬁess 16 to 50 mm (both inclusive) shall be UT as per SA-435.
Pressure parts havmg thic‘kﬁess >50 mum shall be UT as per ASME SA-578 Level B.

o
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2.1.6 TUBES

2.1.6.1  All the tubes shall be seamless and cold drawn, ;

2.1.6.2 Product analysis of tubes shall be carried out and reported in the material test certificates.

2.1.6.3 Tubes shall be in fully heat-treated condmon as received from the mill. CS tubes shall be in
.annealed condition and copper alloy tubes shall be in annealed temper condmon LAS tubes
“shall be supphed in normalised and tempered condition.

2.1.64  All unstabilised SS tubes shall be supplled in the solution annealed condition and all

' stabilised grades of 'SS such as SS 321 and SS 347 shall be sunphed in stabilization heat
treated condition, in addition to solution annealing.

2.1.6.5 It is preferable while ordermg tubes the maximum yxeld strength and hardness of tubes are

.-, 'specified such as to be lower than those of tube sheet, in order to achieve a sound expanded
tube to tube sheet joint, complying with Code reqmrements ;

2.1.6.6 “Air under watc,r testing shall be carried out for all tubes except non-ferrous tubes. As an

‘ alternative, tubes can be hydro tested. In case the tubes are hydro tested, hydro test pressure
of tubes shall be higher of tube side tést pressure or as required by Code. Water quahty shall
be as per Para 7.2.1 of this specification.

2.1.6.7 For requirements of U tubes refer EIL, specxﬁcat:on 6 15 0006.

2.1.7 FORGINGS ‘

, Forgmgs manufactured to SA-105 and SA-266 above 75 mm thxckness (thickness as defined
in para AM 200.2 of ASME Sec. VIII Division 2), all tube sheet forgings and all forgings of
other materials, except for the standard nozzle flanges up to 8" NB and small forgings (of
couplings, plugs and eye bolts) shall be 100% UT as per SA-388. Acceptance criteria shall
be as per para AM 203.2 of ASME Section VIII D:vxswn 2.

2.1.8  PIPES ' v
Pipes shall be seamless and sizes above 114" NB shall be hot finished. Dimensions and
tolerances shall be in accordance with ASME 36. 10 or ASME "&6 18, as applicable, as per
material specification.

2.2 Specific material requirements (Pressure parts and parts welded to pressure parts)

2.2.1 CS AND LTCS MATERIALS

(a) Carbon content shall r;ot exceed 0.23%.

) All plates shall be in normalised condition.

() Use of SA 515 of any grade is not permitted.

(d)  Plates > 50mm thickness shall meet followmg addmonal requirements of SA-20:
(1 Vacuum treatment as per the supplementary rcquxrement S1. If vacuum

degassing is not reported in the test certificates, then through thickness
tests as per SA 770 shall be conducted and m dmum reduction in area of
35% shall be ensured.

(i) Charpy Venotch test as per supplement y requirement S5. Test
temperature shall be lowest of minimum ambient temperature, design
temperature, MDMT and Minus 29 °C for MDMT >or equal to 0°C. For
MDMT less than 0°C refer clause 2.1.5. Imp it energy values shall be as
per para UG-84 of Code or applicable material specification, whichever is
higher, Orientation of test bar shall be transverse to rolling direction.

(1ii) Bend test as per supplementary requirement

Format No. 8-00-0001-F1 Rev. 0
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)

222
a)

b)

d)

223
2)

)
¢)

LAS MATERIA

All LAS
n. Use of C-% Mo material is prohibited. Al LAS materials shall be charpy

SS AND OTHE

Unless specified otherwise i

specif]

AllLT

Sulphur content shall
and forgings.

forgings shall not exc

Plates shall confox;m

strmgers The plates

CS and CS charpy plate

n requisition or bid document, all CS materials
ed as HIC tested shall meet the following requirements. . :

Carbon equivalent shall be < 0.40%. Nickel content shall be < 0.2 %.

be < 0.002% for plates and < 0.01% for tubes, pipes

eed 187 BHN.
to SA 516 Gr 60 only (higher grades like SA 516

Gr.65 and 70 are not acceptable). The plates shall be treated with calcium
or other rare earth elements to create spherical inclusions instead of -
shall be tested in accordance with NACE TM-02-84
using the test solution ‘A’ of NACE TM-01-77. The acceptance criteria
ghall be crack length 1 ra’uo 10 % maximum.

matenal shall be made to f ine grain practice and the

primary austenitic grain size, shgll be measured and reported in mill test certificates.

CS pip
Non-s

conditic
V-notcl
tempera
1/2Mo
which e
In the
tempera

welds shall be 100000 psi.

For LA

the tubes as per SA-450.

For LAZ‘
shall als

D
i)

All SS
pickled

stabilisa

SS (300
SS (30¢
baffles,
specific

1)

\LS

plates, pipes, forgings
impact tested. Test te
ture, design temperature

materials). Impact energ
ver is higher.

case of 1% Cr-%4 Mo
ture tensile strength for

S tubes (SA-199, 209 and

es shall be SA-106 Gr. B. LTCS pipes shall be SA 333 Gr. 1 or 6.
andard forgings (SA 266,

SA 350 etc.) shall be normalised and tempered.

and fittings shall be in normalised and tempered
mperatures shall be lowest of minimum ambient

MDMT and —18°C (0 °C instead of ~18 °C for 5Cr-
v values as per UG-84 or applicable specification,

materials and weldments, the maximum room
all pressure containing components, materials and

213) hardness test shall be performed o outside of

3 plates > 50 mm thicknesé,’fol]owing supplementary requirements of SA-20

0 apply

35% shall be ensured

Vacuum treatment as per supplementary requirement Sl.
degassing is not repqrted in the test certificates, then through thickness
tests as per SA 770 shall be conducted and minimum reduction in area of

If vacuum

Bend Test as per supplementary requirement S14.

R HIGH ALLOY MATERIAL

naterial (300 series) shal
condition. ‘All stabilised

‘tie rods, etc. shall be pr
shall be carried out, after the
ation) with acceptable corrosion rate and practices as under:

1
) series) materials for al

be in the solution heat-treated (fully annealed) and
grades of SS (SS 321, SS 347 etc.) shall be given

tion heat treatment, in addition to solution annealig.

series) plates shall be hot rolled and shall have No.! finish on both sides.

all components including non-pressure parts like
ocured with the 1GC test as per ASTM A-262 (test
specified heat treatment and sensitisation per

For all services except nitric acid service, Practice E shall be followed.
Specimen after exposure shall be bent as per requirements mentioned.in

Format No. 8-00-0001-F1 Rev. C
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(d)

A262 Practice E.and shall be mspected under magnification of 200X. The
bent specimen shall be free of any cracks or grain drOppmg The

microstructure shall be submitted to DIA for 2
i) Nitric acid service: Practice C with corrosion

For straight chrome (13% Cr.) material, maximum
0.06%. Hardness of UNS no. S41000 and S40500 shall

approval.
rate not > 25.mils per year:

carbon content shall be <
be < 85 RB. ‘

224  NON-FERROUS MATERIALS
(a) All copper based non-ferrous plates shall be procured in annealed condmon
b) Plates for pressure parts shall be 100% UT. Suppher sha]l submit the proccdure for
UT to DIA for approval. -
'(c) In addition to hydro test, all tubes shall be eddy current tested in their final
. annealed condition. '
{d) All pipe bends shall be stress relief annealed after bending. . )
(&) The paragraphs NF7 and NF14 in part UNF of Code are mandatory. This applies to
non-ferrous cladding and weld overlay also. '
2.2.5 CLAD MATERIALS ‘
' (a) Cladding shall be integrally and-continuously bonded to the base metal. All clad
plates shall be rolled-on or explosion bonded type.
(b) Clad plétes shall be UT from the cladding surface as per SA-578. Scanning shall be
100% of the plate surface. Acceptance standard shall be level B. Clad plates shall
meet the supplementary requirements of S7 of SA-578. All UT shall be undertaken
after specified heat treatment of clad plates. ;
(c) Both base material and clad material shall meet the specification of the respective
materials as stipulated in this specification. ,
(d) Alloy clad steel plates shall be as per SA 263 or SA 264 or SA 265. Bond between
cladding and the base metal shall be checked for a minimum strength of 14 kg/mm?
in shear for alloy clad steel plates, by conducting shear. test as per apphcab]e
material- specnf catlon : '
(e) For copper alloy ciad plates, the bond between cladding and base metal shall be
checked for a mxmmum strength of 10 kg/mm? in shear by conducting shear test.
H During tension-test of clad plates the cladding shall be removed and the tensile
properties of the base material shall meet the Code material requirements.
(&) For austenitic SS clad plates the SS surface shall be acid pickled as per ASTM A-
380. For chromium steel clad surfaces the pickling shall be as per Supplier's
established procedure. The same shall be submitted to Qwner or EIL for approval.
(h) For clad components, Supp]xer to ensure that plate thickness after bonding and
machining shall’nof be less than the thickness specified in drawings. Supplier to
consider -sufficient margin on clad and base materials so that thickness after
machining and complete fabrication shall be as per the drawings. For nozzle necks
with weld deposit, sufficient margin on ID shall be taken to allow for shrinkage
2.3 Non pressure parts ‘
23.1 CS plates shall be minimum IS-2062 or SA 283 Gr..C or equivalent. Pipes shall be to IS
1239 or SA 53 or equivalent,
232 Saddle material shall be same as that of shell for shell design temperature > 350 °C.

Format No. 8-00-0001-F1 Rev. 0
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24 Eqmvalent materxals:

3.0

3.1

3.2

33
3.3

332

333

334
33.5

The matenals for
requirement. This
deviations’ should

various components in a heat exchanger shall be as per Owner or EIL's

does not preclude use of equivalent or better materials. However, these
be clearly indicated in the prescribed format. If an equxvalent material

sought by the Suppher is to a specification, other than IS or ASTM or ASME, it is necessary

for the Suppher to

in English for Qpproval.
SUPPLY -

submit the specifications of the equwalmt material with complete details

t

Supply shall be in accordance wzth requisition or bid docmnent to which this specnficatxon is

attached. It shall however include the following also:

Test ring assembly, dummy shell and test flange

a. Test rmg assembhes dummy shells and test flanges wherever required shall be
d supplied by the Supplier. The stresses shall not exceed 90% of the ™
minimu ﬁ y1eld stress of the niaterial as snpulated in material specification. Mater)al

designed .an

with tube side pressurised for tube side test pressure to check tube to tube sheet JOlnt
leakage fmm the back of tube sheet. Test flange shall be designed accordingly.

b. Test rmg assembly construction shall be stuffing box type as per fig. E-4.13.2 of

1s preferred that the test ring flange thickness not exceed the shell cover
khess, Otherwise, Supplier to provide separate bolting for assembling test
ring ﬂange to shell. Similarly, Supplier to check that the studs for stationary tube sheet

bolting qan
ng

of bolt holes
Accessories fo;‘ e
All necessary acce

provided and supp
for subsequent testi

Other accessor s

Suppher shall also
Gaskets, nuts and
spares shall
with due care 2

be used with test flange. Else separate bolting shall be provxded for
test ﬂange

2 of floating head exchanger necessary washers, bolts and puts for sealing
in tube sheet to be provided during hydro test.
sting ‘

ssories such as supports, blind flanges, test gaskets, bolts, nuts etc. shall be
ied by the Supplier for testing of heat exchangers, in Supplier’s shop and
ing by Owner at site, whenever required.

supply tie bolts, leveling shims or intermediate supports for stacked units.
bolts for interconnecting nozzies (both tube and shell side) along with

upplied by Supplier. All these components shall be despatched separately
ing been taken regarding identification of these for ease of installatjon.

Earthing lugs sha]I
to avoid any foul'n

Supplier to sup'/ y
es greater than M56 (2%'"), in case these bolt sizes are being used in
ed in the requisition. BTD capacity shall be 40% more than the maximum

BTD for bolt '
exchangers ¢

load required fi ‘hydro test condition.
shall supply one pump unit, required load cells and 4 heads of each size.

driven. Suppl

be provided on each heat exchanger and shall be located in such a way as
g with the exchanger foundation bolts at site. .

one set of torque wrenches for bolt size M45 (1%4") to M56 (2%") and one

BTD pump shall be pneumatically and mianually

Torque values for tightening the bolts shall be mentioned in the fabrication drawings.

Davits, if required

Additions like
later stage shall be

as per design basis or drawings, shall be provided.

leats for piping, ladder, platform, insulation etc. that may be required at a

provided.
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Copyright EiL — All rights reseved

(2e)



GENERAL SPECF[CA HON STANDARD SPECIFICATION No.

3.4

T35

;;@uﬁﬁég@wmuwm) ‘ FOR , . 6-15-0001 Rev.3
e amavmimewen - HEAT EXCHANGERS - *page 10'0f 19
Cathodic protection ' o : -

Whonevér cathodic protection is specified both sacnﬁolal anodes md mtemal painting shall
be provided. Separate specxﬁcatxons shall be provided i in the requxs ition.

Spares to be supplied by Supplier ‘
- 3.5.1 BOLTING: 20% studs and nuts but not less than 4 studs with 8 nuts for each joint.
‘_3}5.2 GASKET 400% gaskets other than those used for hydro testmg despatch for each joint.

3.53 Spare bolting and gaskets shall be provided for all _]OmtS of girth flanges, floating head,
channel] cover, tube sheet, mtercormectmg nozzles, nozzles with d flange etc.

4.0 FABRICATION

4.1 - Edge preparation ,

4.1.1 For CS, the edges for welding shall be made by machining, chipping, cold sheéring, oxy-
acetylene flame cutting or a.combination of these. Chipping cold shearing shall be
followed by grinding to a smeoth and regular strface. Oxy—acetyff:ne flame cutting shall be
followed by machining or grinding to' eliminate any dxscoloratxon f material affected.

4.1.2 For LAS, the edges for .weldmg shall be made by oxy-acetylene flame cutting or by
machining. Cold shearing may be used for ‘cutting thickness u 10 mm. Oxy-acetylene
flame cutting shall be used with preheat and shall be followed by machining or grinding to
eliminate any discoloration of material affected. =

4.13 For austenitic S5, the edges for welding shall be made by plasma however, cold shearing

o may be adopted for thickness up to 15 mm. In all cases the cut edges shall be ground back or
machined back by 2 to 3 mm. :

4.1.4 All welding edges after cutting shall be DP or MP examined t{br laminations, cracks or
segregation. Additionally UT shall be carried out within five timeg the material thickness of
edge for LAS materials or when the service is low temperature or hydrogen or HIC.

4.1.5 The paragraphs NF7 and NF14 in part UNF of Code are mandatory. This applies to non-
ferrous cladding and weld overlay also. ~ .

4.2 Rolling and dishing of plates

4.2.1 ROLLING ;

Rolling for bending and forming of plates shall be in the longitudinal direction of the plates.
This direction shall be clearly marked on the plates.

Rerolling after welding is not normally recommended. However, r large diameter shells,
rerolling of welded shell course is inevitable, procedure for rerolling along with extent of
NDT shall be submitted for approval of the DIA. All welds on the ctxon to be rerolled must
be ground flush. After rerolling all the welds on the re-rolied se on must be DP checked.
Such welds shall then be subjected to radiography as reqmred by drawings and Code.

4.2.2 DISHING , ‘

All dished heads shall preferably be of single piece construction. Hi ever dished ends with
one chordal seam are acceptable for shells with diameter greater than 1 m. In such cases, the
chordal seam shall preferably be in the middle one-third of the blank. Dished ends shall be
torispherical (knuckle radius 15% of outside diameter and crown radius 80% of outside
diameter) or 2:1 ellipsoidal. Dished heads shall be subjected to DP|test on knuckle portions
(both inside and outside) and weld edges after heat treatment. Sup to ensure adequacy of
indicated thinning allowance for dished head. If nominal thickness indicated is not adequate -
then the nominal thickness should be increased accordingly, keeping minimum thickness as
per item drawing. A straight face of 38 mm or 3 times the nominal thickness of dished head,
whichever is more, shall be provided, but maximum straxght face sH.all be limited to 50 mim.

Format No. B-00-0001-F1 Rev. 0 : ﬁ Copyright EIL ~ All rights reserved
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4.3
43,1

432

4.3.3

434

4.3.5

43.6

437

43.8

. Welding

All welding and weld overlays shall be done wrth electrodes, fillers and fluxes of reputed
make with proven reproducibility of results. DIA shall specifically approve brand names. For
CS pressure parts, the electrodes shall be of low hydrogen type. 1GC test as.per ASTM
A262 Practice | E shall be done for austenmc SS consumables, which are to be used in
application mvolvmg solution axmea]mg Austenitic SS consumables of low carbon and
stabilised grade shall also be IGC tested as per ASTM A262 Practice E. Straight chrome
materials shall ﬁle welded with electrode that produces an austenitic chromium mckel weld
deposit or a nonr air hardening nickel- chrommm*xron weld deposit. :

All weldmg pracedux:es shall be submxtted for approval by DIA giving all relevant details.
Welding quahﬁcauon records shall indicate hardness values of weld metal, HAZ and parent

.metal and also results of impact tests when design temperature are below 0 C or when

specifically mdzcated for materials being welded. No welding shall be undertaken until DIA
has approved the welding procedure and welder’s qualification. All welding procedures and
welders shall be qualified for the partxcular type of welding and material in accordance with
the ASME Sectron IX. Suppher shall be responsxble for the quality of the welds performed.

Pressure holdmg joints shall be FPW Root pass of single side welded joints shall be done
with GTAW process. Backing strip for single side welded joints is not permitted. For LTCS
materials, both §mslde and outside of welds shall be ground flush or dressed smooth. All
internal welds m the shell shall be ground flush in order to insert and remove tube bundle.
Also all internal welds shall be ground flush to the extent of facilitating draining of complete
equipment. All ether weld may be left i in the descaled condition only.

Longitudinal seams shall be staggered w:th the circumferential distance between the centres
of welds being dt least 5 times the thlckness of the thicker-plate. Weld seams shall be located
50 as.to avoid mterferencc with weld seam of nozzles and external attachments.

Attachment to | pressure part shall be of same quality as the pressure part. AIl' LAS weld

-attachments to pressure retaining component shall be FPW and ground to a smooth concave

contour. External attachments like lugs, supports etc. of CS shall not be welded directly to
high alloy or a&stemtxc SS heat exchanger components. These attachments should be of the
same material as the heat exchanger component. If this is not so, intermediate pad plate of

‘the same matenal type as the heat exchanger component may be used. These pads shall be at

Jeast 100mm wrﬂer and longer than the attachment and shall be at least 5 mm thick. Welding
of CS or LAS to austenitic SS shall be done with austenitic SS electrodes or filler wire
(AWS-ASTM-E 309L or E-309 Mo L only)

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

Partition plates ¢ bf CS and 300 series SS except for low temperature service, shall be welded

to channels etc,| by continuous fillet welds with minimum size of 6 mm on both sides. For all
other materials and for hydrogen and low temperature services, all welds mvolving partition
plates shall be. iFPW Howeyer all pass partitionr plates shall be FPW up to a distance of
27(50mm) from the gasket contact surface. Partition plates thicker than 10 mm shall be
tapered to 10 rﬁm at partition groove end except when mentioned otherwise on drawings.

One weep hole of 6 mm diameter shal
partition plate | ;«md a 5 mm radius not
partition plate f f‘er all multipass exchange

Welding of shegl to unhubbed tube shee
that the tube sheet 18 unsupported.

When impact te%ts are requrred on mater
be qualified for impact test. In such cas
welding procedf re qualification:

be provided at the center of each horizontal pass
ch on top and bottom point of each vertical pass
rs for effective venting and draining.

t shall meet the requirements of Code considering

1al as per Code or specification the welds shall also
e following special requirement shall apply to the
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iy . Qualification tests shall be made on.plates of the ASME specification as specified

439
43510
4392

4393

4394

4395

4.3.9.6

4.3.9.7

for the exchanger using welding eléctrodes of AWS or|SFA specification and wire
.& flux of the specification and brand as are to be used ¢on the job.

1) Welding current and 't.ravel speed shall be considered essential variables in order to
ensure that production welding is substantially 'eqtuivalgnt to the procedure-
qualification. S -

i) | Welded test plates shall be subjected to a total thermal cycle sequence similar to
* the finished equipment. Specifically, test plates shall be held at intermediate and

final stress relief temperatures for approximately the same length of time as the

finished exchanger. Final cooling rate shall be approximate to that expected for the

- finished exchanger. o - ‘ ' .

iv) Charpy V-notch impact tests shall be made on the weld and HAZ of the test plate
for each welding procedure to be qualified. Test procedure shall be as per UG 84 of

Céde. Test temperature shall not. be higher than MDMT. Impact energy
requirements shall be as per Table 2.15 of SA 20 of ASME Section I Part A or UG

84 of Code whichever is higher.

WELD OVERLAY
Wherever cladding is specified in datasheets or drawings, weld overlays are not acceptable.

Weld deposit overlay shall be done by a qualified welding procedure and surface shall be
properly machined or ground flush after overlay. Minimmum thickness of finished weld
deposit shall be as indicated in the drawings or specifications. in case a higher deposition
thickness and multiple weld layers are required to achieve the minimum specified undiluted
deposit metal, the same shall be done only after taking prior apI?roval from EIL. Minimum
thickness of undiluted finished weld overlay from top shall be 2 mm or as specified in the
drawings. For non-ferrous weld deposit, the iron dilution should be restricted to 2.5%
(maximum) in the finished undiluted layer (thickness defined abq*ve).

The weld overlay procedure shall be qualified on base metal of tije same composition as the
exchanger component and meeting the requirements of ASME Section IX.

The weld overlay shall be relatively smooth with no notches and undercuts that would act as
stress raisers. All cracks, fissures and circular defects greater thagn 1/16 inch diameter shall
be removed. Repaired areas shall be DP checked. Weld overlay shall be applied to base
metal, ‘which has been grit blasted and is smooth and clean so as to ensure full bonding.
Welding overlay cladding shall be applied after any normalising but before PWHT. The
weld overlay shall consist of at least 2 layers. - ‘

The alloy cladding shall be cut back at all seams to permit back jwelding of the base metal.
Weld metal shall be ground flush and fully covered with the applicable weld deposit. The
weld joint in base plate shall be 100% DP tested for detection of cracks and flaws before
welding from clad side. The weld deposit shall be at least as thickas the cladding.

Shells, cones, dished heads and nozzles formed from clad plates shall be subject to UT after
forming, for a minimum of 18% of the clad surface, but no less than one square feet in each
10 square feet or fraction thereof. Unbonded areas that cannot be encompassed by a 3 inch
diameter circle shall be repaired by weld overlay. When repairs in excess of 5 % of the total
examined area are required, the complete component shall be subject to 100% UT. Repaired
areas and weld deposit overlay at weld seams shall be DP examined. UT shall be repeated
for dished heads after heat treatment. UT procedures shall be in agcordance with SA 578 $6
for spot examination and SA 578 S7 for 100% examination. :

All weld overlays shall be 100% DP examined in accordance with the method described in
ASTM-E-165. The barrier layer shall be 100% examined. When the overlay involves
multiple passes (layers) and the procedure uses an intermediate heat treatment with cooling
to room temperature prior to applying the subsequent layer, each layer shall be examined by
DP. Where overlay is to be machined such as for flange facing, machined surface shall be

Format No.

8-00-0001-F1 Rev. 0 . : - Copyright EIL - All rights reserved




RN

3@21[

S @ENGNEERS " GENERAL SPECFICATION " STANDARD SPECIFICATION No.

FOR. : 6-15-0001 Rev.3

4398
43.9.9

439.10

4.4

4.5

4.6
4.6.1

1S5RS RN I ) (A Gowt.'of Undertadng) ‘ HEAT EXCHANGERS ' Page 13of 19

100 % examin
overlay shall*b spot examined (not less than 10% of the surface) after heat treatment.

after final PWHT. If 100% of overlay is examined prior to the final PWHT,

(3n)

Samples of the weld overlay shall be taken to perform chemical analysis to the specified . -

depth. The number and location of samples and method of taking samples shall be approved
by DIA. However they shall be representative of each exchanger component for each type
of weldmg process. Report of chemlcal analysis shall be submitted to DIA for approval.

For all weld OVerIays used in hydrogen or H,S service w1th design temperaturc greater than
350°C, Hydrogen disbonding test shall be carried . out. The test condition shall be
representative of the actual design conditions and the procedure shall be submitted to DIA
for approval. Rate of cooling shall be 100°C/hr (min.) unless specified otherwise in
ding time shall be 48 hours unless specified otherwise in datasheets

PTCs are requlred for CS welds above S0 mm thickness and for LAS welds above 25 mm or
when required by the Code or when spemf ied in the requisition. The following shall apply: -

a) Two Tﬁs representatlve of one longitudinal and another cxrcumferentlal seam
shall be provxded for each procedure position and'thickness.

b) PTC shall be from material of the same heat and thickness as that of parent metal.
During and after production-welding PTC shall be subjected to same heat treatment
as and together with the course they represent. Extra PTC shall be preserved to take
care of eventuality of retests.

c) The tests mentioned below shall be carried out as per methods of testing in Code:
i) One transverse tension test.
ii) . Two side bend tests with weld located in the center of bend.

iit) One hardness test on PTC weld and HAZ. The acceptable limits are 200
BHN for CS, 225 BHN for P3 and P4 materials and 235 BHN for P5 as
per EIL specification no. 6-15-0091.

iv) ' Micro and-macro structural examination of welds.

v) For CS, charpy V notch tests on weld and HAZ shall be carried out. For

equal to 0°C, the test temperature shall be 0°C. The acceptance criteria for
impact energy shall be as per table a 2.15 of SA 20 of ASME Section II
part A or UG-84 of Code whichever is higher.

vi) For LAS charpy V notch test on weld and HAZ shall be carried out. Test
temperature and acceptance criteria shall be as per clause 2.2.2 (d) (ii).

Tube to tube sheet joints

Requirements f EIL spec:ﬁcatxon no. 6 15-0003 shall be complied with for welded tube-to-
tube sheet joints and that of EIL specification no. 6-15-0004 shall be comphed with for
expanded tube- tontube sheet jomts

Hardness limitation for CS materials, welds and HAZ wherever specified on drawings or
datasheets shall be ensured as per Specification 6-15-0091. Hardness limitation for LAS
materials, welds and HAZ shall always be ensured as per Specification 5-15-0091. Hardness
limitation comphance for tube-to-tube sheet welded joints shall be established/verified on a

mock-up with simulation heat treatment

o]

Nozzle flanges

FLANGES

Unless otherwi indicated, dimensions, .drilling, facing and tolerances for nozzle flanges
(and blind covers if required) shall be as per ASME B 16.5 (for size up to 24" NB) apd

ozzles and reinforcing pads

Format Na. 8-00-0001-F1 Rev,

Copyright EIL ~ All rights reserved

MDMT < 0°C, impact test temperature shall be MDMT. For MDMT > or



s%mfaﬁag@lm/\ UMITED FOR' |
Jyecamtetificutnt 1A Govt of indks Unotrtaang) "HEAT EXCHANGERS

GENERAL SPECFICATION S ANDARD SPECIFICATION No.

6-15-0001 Rev.3
"Page 14 of 19

4.6.2
46.2.1

4.7

4.7.1

4.72

4.7.3
4.7.4

4.7.5

4.7.6
4.7.7

4.7.8

‘NOZZLES

.datasheets or drawings, necks of all nozzles shall be flush :

ASME B 16.47 series B (for sizes above 24" NB) for the respe«.jnve class. Weld overlays,
wherever specified or required, shall be in addition to the thlckmass as per these standards._
Boltholes on these nozzle flanges shall straddle principal vemcal[and horizontal ceuter]mes
of equipment. If the component to which nozzles are attached is su},bsequently stress relieved,
it shall be Suppher s responsibility to maintain true gasket faces l;iy machining or otherwise.
If distortion is expected, final machining operation should be done after stress relieving;
sufficient machining allowance for this purpose should be available. Gaskets, for ﬂanges to
ASME B 16.5 and B16.47, shall be as per ASME B16. 20

Nozzle plpes shall be attauhed to the heat exchanger components lﬁy FPW. Attachment welds
- using only inner and outer fillet welds are.not permitted. Unles otherwise indicated on the
ith the inside of the heat
id channel inside diameter
eld neck, shall have two

o e e

exchanger component. Inside corners of nozzle pipes at shell az
shall be radiused. All nozzles 2" NB and below, except long ¥
stiffeners (30 mm x 6 mm) at right angles. -

Whenever nozzle inside is required fo be overlaid, these shall b% done by weld overlay or
cladding. Minimum nozzle ID before weld depositing to be 50 mgP in such cases. Lmers are

not acceptable.
REINFORCING PADS AND TESTING

Reinforcing pads whenever required as per drawings or Code shall be of the same material or
equivalent as the heat exchanger component to which it is welde(ﬂ All remforcmg pads shall
be provided with two 1/8" (3 mm) NPT tapped holes located 180, lapart for air soap solution
test with a pressure of 1.25 kg/cm? (g). This test shall also be re smred to be carried out for
slip on flanges. Higher test pressures are not recommended becd se of accompanymg risks
and also because the soap bubbles have a chance to blow di Tell-tale holes in the
reinforcing pads shall be plugged with hard grease unless otherwise indicated after the hydro
test of the exchanger. :

Bolts, studs ete. and tapped holes

Al inch bolting and. threadmg shall conform to ASME Blle tept for size 1" and above
where it shall be 8 thréads per inch. Metric bolting and threadin hall conform to ISO-R261
except for size M24 and: above where it shall have 3 mm pitch.

Studs shall extend. beyond the nut by about 10 mm and shall be
when square ends are rcqunred for use with BTD, in which case tqe extension, shall be as per
BTD manufacturers recommendation. The studs for extended tube sheets and the studs for
use with connecting piece: shall also have square ends.

All nuts shall be of heavy series only and nut seating faces shall be machined or spot faced.

Threads on externai boltmg, plugs etc. shall be lubricated with graphite grease for working
temperature up to 200°C and with Molybdenum Disulphide for hx; er temperatures,

Tapped holes on the Lhannel side face of clad tube sheet for removable bundles shall be
fitted with plugs ofa materml similar to channel side material in qgrlxtac't with tube side fluid.

For extended tube sheets tapped holes shall be provided for girthibolting.

All ﬂoatmg head bolting to have 2 mm wide and OS mm d
prevent mix up with other bolts.

groove at both ends to

In addition to stamping, the specifications and manufacturers sy nbol as specified in ASME
material -specifications, on one of the ends the size of the stueﬁs shall be clearly punch
marked. Similarly the nuts shall have the size punch marked on Qne of the faces. In case of
tapped hole the size shall be punch marked near the hole th]ﬁFbUt disturbing the gasket
seating area. Further for all alloy/SS metallurgy bolts & nuts haH also be identified by
distinet colour marking at the stud end/bolt side face

Format No, 8-00-0001-F1 Rev. 0

Copyright EIL. — Al rights reserved

threaded full length except -



U

(Re)

@ENGI‘\ CERS GENERAL SPECF!CATION STANDARD SPECIFICATION No.
21 ieligics & INDIA LIMITED FOR © 6-15-0001 Rev. 3
. Tp— » HEAT ?.X(;HA,NGERS Page 15 of 19

4.8 Assembly and | ?andlmg

4.8.1 Supplier shall be responsible for taking adequate preventlve measures to ensure the quality
and finish of m%terxals and to avoid any rusting.

- 482 Suitable method of alignment like dow«::ls etc. shall be provided for proper assembly of

: . changel, channeil covers, stationary tube shect ete. ,

483  Stacked exchangcrs shall be assembled in the shop for a.  trial fit. Special care shall be

o exercised in tmgng up connecting nozzle, ﬂanges

4.8.4 T wherever mx%hcated on drawings, denotes match mark for assembly and shall be punched
on all mating parts ‘ .

4.8.5 Lifting lugs sha*l be provided as per standard for lifting of cbannels channel covers, ﬂoatmg

- 'heads, shell covers, test rings, test ﬂanges efc.

4.8.6  Incaseof remogJ able bundles the followmg aré required: -

(a) Statxoﬁ ary tube sheets shall be drilled and tapped at vertical (0°) pgsition for
attachmg eyebolts; or a hﬁmg lug of adequate thickness shall be welded with 25

. min ( lmmum) diameter hole:

(b) Dnllmlg and tapping as above shall be carried out on floating tube sheet.

(©) Last sjlpport plate shall be dnlled (25 mm diameter hole) for lifting the assembled
bundle Local stiffening may be necessary to withstand the bundle load., whlch
shall be designed by the Suppher ’

4.8.7 Pulling eyebolt made from forged CS shall be provxded for all removable bundles. These
shall be sent lonse along with the spares Insert piece shall be provided for all clad tube
sheets. Matenal of insert piece shall be same as that of cladding material.

4.8.8 - Stationary. tube }sheet shall be drilled and tapped for tie rods. Care should be taken to ensure
that holes are n 5t drilled through.

4.89 Interchangeab!e and 180° rotatable bundles shall have common pass-partition groove
arrangement m\ihe respective tube sheet, For exchangers where bundles are specified to be
mterchangeab } the same shall be ensured at the Supplier's shop by actually inserting the
bundles or'using a template consisting of 4 full diameter baffles, each spaced at a distance
equal to the baﬂ le pitch.

4.8.10  Jackscrews shaf be provnded on all glrth flanges.

4.9 Descaling, pmk ing and passivation shall be done for all SS parts in accordance with ASTM
' A-380. The Sup lier shall furnish details of the procedure for approval to DIA.

4.10 No distortion f‘ihatsoever shall be permitted on the gasket seating surfaces due to tube to
tube sheet welding, shell to tube sheet welding, PWHT etc. If distorted, the same shall be
machined subse;‘:xently

4.11 Fabrication ioieranccs and finish '

4.11.1  The dlmens:on‘ I tolerances 'shall be within the limits indicated on EIL drawings and
standards. Where tolerances are not specified, these shall be in accordance with the
requirements of|  TEMA and Code. ‘

4.11.2  All edges and cémers mcludmg baffle holcs shall be deburred (or rounded if shown).

4.11.3 'Finish of all ‘ achined components shall be minimum 12 microns (500 RMS) unless
otherwise indic{; ted. Parts subjected to UT shall have minimum finish of 6 microns.

4.11.4 Tube sheet facq&shall be flat within +/~ 1.5 mm (camber).

‘1
|
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5.0
5.1

52

53

5.4
5.5

5.6
5.7

5.8

5.9
5.10

6.0
6.1

6.2

6.3

6.4

6.5

HEAT EXCHAN GERS :

NON DESTRUCTIVE TESTS

All the NDT procedures shall be submitted to DIA for approval. ]*or all NDT achvntxes only

qualified NDT technicians shall be dep]oyed with the approval of]

The extent of radiography shall be as specxfied in datasheets ordr
Radiography shall be performed after PWHT. In case radiogr
PWHT, then UT shall be carried out on the welds after PWHT.

Misimum extent of radiography shail be spot, unless. full radic

5% of the total welded length must be radiographed. Furth

Pége 16 0f 19

DIA.

wmgs or job speéiﬁcatiori.
wphy is carried -out before

all ‘T’ joints must be

drawings or required as per specification or Code. Spot radxogragly shall mean that at least

radiographed and at least one shot must be taken on each longi
seam. This requirement shall supplement the ones specified in Cq
in marking the areas to be radiographed. :

Full radlography when specified shall imply 100% radxography
nozzle flange to nozzle neck, pipe to plpe and pipe.to fi ttmg

dinal and circumferential
de. DIA shall be consulted

of all butt welds including

All welds of nozzle necks fabricated,from plate 1rrespect1ve of diameter, thlckness of plate

and radiography spemﬁed shall be 100% radiographed.
Weld seams of formed heads shall be 100% radiographed after fo

All nozzle to shell welds and unhubbed tuhe sheet to shell welds
at the root run and final weld.

rming and heat treatment.
hall be DP or MP checked

All welds, which cannot be fully radiographed such as nozzle to shell, shell to unhubbed

tube sheet, unhubbed floating head to cover etc., shall be 100%

UT after final PWHT. Fillet

welds and welds which cannot be radiographed or UT (i.e. pass partition plate to channel and

floating head etc.), the root run shall be DP checked and the
checked after PWHT. , .

All attachment welds shall be either DP or MP tested.

velds shall be finally MP

If radiography is being substituted by UT for the final closing seam as permitted by Code,

MP shall be carried out in addition to UT
HEAT TREATMENT

PWHT shall be done if required by datasheets, drawings, specif]
when mentioned on the drawings shall be over and above the reqt
or Code. No welding or heating is permitted after PWHT. All
preferably be carried out after PWHT (also refer clause 4.6.1). It
of the Supplier to leave sufficient allowance for this purpose. S
procedures for PWHT to DIA for review,

that differential stresses are not caused between tubes, shell and

cations, Code etc. PWHT
sirements of specifications
1achining operations shall
shall be the responsibility
pplier shall submit all the

ibe sheet. The temperature

During PWHT of assemblies of fixed tube sheet exchangers, ca{ shall be taken to ensure

differential between shell and tubes during PWHT to be minimise
the rate of heating and cooling shall not exceed 25-30°C pes
thermocouples shall be installed on various components and comp}

Heat treatment of SS clad assemblies shall be at reduced tempera

of SS materials. The soaking time shall be increased acéordingly as

Heat treatment of non-ferrous clad assemblies, if required,‘shall
care, at reduced temperatures to avoid differential thermal expan;
such a case shall be increased accordingly as per Code.

Heat treatment of CS and LAS dished heads shall be as follows:
a)  Stress Relieving for:
(i) Cold formed dish heads up to 16 mm thick.

(not to.exceed 25°C) and
hour. For this purpose,
iance assured.

Lure to avoid sensitisation
per Code.

be performed with extra
sxon The soakmg time in
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6.6

6.7
6.8

6.9
70

7.1
7.1.1

_SS components |

ormed floating head cover up to 16 mm thxck if fibre str etch exceeds 5%.
for CS and normalising and tempering for LAS: '

) Ho\,, ormed dish héad and ﬂoating head dish if not formed m normalising range.
{i1) Co formed dish heads for thickness greater than 16 mm. |

(iii) C d formcd floating head dish above 16 mm thick. .

This heat treahx?lent need not be given if same heat treatment is given subsequently on sub-
assembly Thic esses specified above are nominal..

all be solution annealed in the following cases.

iy Cold formed dished heads with nominal thickness of 16 mm or above

of CS or LTCS material shall be stress relieved.

preheating procedure shall be established in the welding procedure and
DIA. Preheating by resistance or induction-heating method 1s preferred.
xtend uniformly to at least three times the thickness of joint but not less
oth sides of the weld. Temperature indicating crayons shall be used for
ct pre heat temperature.

D TESTING

Preheating shall
than 50 mm on
assessment of ¢

e open to inspection by DIA in addition to any inspection required by the
local authormes havmg jurisdiction over the installation.

e carried out both durmg fabrication and before delivery and also for sub

In addition to final inspection and certification by DIA during the course
TA's written approval shall be obtained by the Supplier at various stages of
his purpose, Supplier shall prepare his QAP, defining the stages of
points for his own inspection and that by the DLA or Code or Statutory
he QAP shall be discussed with DIA before start of job and mutually
s stages of fabrication to be inspected (either by Supplier or DIA or both)
ot limited to the following:

ordered mater
of manufactur

fabrxca‘tlon hol f
Authorities etc.

(a) aterial identification and verification of mill test certificate.

() - edge p) péxation foriwelding, including visual check for laminations.

«©) alignm% t of longitudinal and circumferential seams.

(d) rolling tolerances on individual section.

(e) alignment and fit up of sections and components.

'¢3) root pai; clearance before further welding and cleaning.

(2) profi 4 d thinning of dished ends and toriconical pieces after forming.

(h) checkil of tube sheet after drilling including checking of tubé ’layout patterus, |
- tube holes, pass partition locations, visual check for laminations.

() tube sh t to shell set up for fixed tube sheet exchangers, prior to welding .

Format No, 8-00-0001-F1 Rev. 0
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), “tube to tube sheet joint expansion or welding.
) '+ visual check of shell inside and tube bundle inscrtion.
()] welding of -expansioxi bellows or joints, if required.

7.2
7.2.1

7.2.2
7.2.3

8.0
8.1

(m) review of NDT reports and heat treatment charts.
(0) final visual and dimensional inspection..
(p) witnessing of hydro test.

The presence of DIA shall not modify or reduce the ob]igatién of the Supplier to carry out
his own tests and control. If any material and/or equipment are n ot found in compliance with
the specified requirements, DIA or his delegate shall be entitled to irrevocably reject them,

eeven if such non-compliance has not been evidenced in the course of inspection and/or tests.

DIA will, at the time of his’initial visit, set up with the Supplierfﬁ%actual details of inspection
stages to be*witessed.or carried out; the schedule of future visit@z and subsequent inspection

i

notices can be arranged between DIA and the Supplier. - NL

b

The Supplier shall notify DTA-sufﬁciéntiy in advance of any fabrgl
arrival at the Supplier's shop in time to witness these. i

ation operations to permit

i .

"The Sup’ﬁ_]ier shall provide to DIA, free access to his shops at allgftimes. He shall also supply

all tools and tackles to DIA for carrying ont the inspection. Theifhipplier shall also arrange
for similar facilities at his sub-contractor’s shops. ' |

i
L
o

The Supplier must satisfy DIA that the welding procedures, ﬁ.elders, electrodes, fluxes,

welding wires etc. are in accordance with the requirements of tbgse Code and specifications.
Further the welder's qualification test must be carried out in the pﬁcsence of DIA.

Prior to final inspection, all slag, weld spatter loose scale, dirt,%!grit, paint, grease, oil and
other foreign matter shall be removed in order to facilitate insp f“;'?tion. All reinforcing pads
and slip on type flange welds shall be pressure tested with air aji soap solution before and

after heat treatment (if any) and before final hydrostatic test. Z

A dimensional check of equipment shall be carried out taking é\to account the tolerances
shown on drawings, standards, specifications or Code, the mﬁPre stringent values shall

govern. Dimensional checks are to be taken. of the internal mgasurements of equipment
together with external ones and these are to be recorded on the drawings as being the "As.

Built” dimensions. :

Hydrostatic tests

Hydrostatic tests shall be witnessed by DIA. When;hydrostatiﬁ"?_ tests are performed the
indicating gauge shall be connected to the upper most part of the;f\%equipment. Testing water
shall be clean potable water. Seawater shall not be used. For SS %?quipment, water used for
these tests shall not contain more than 25 ppm chlorides. Mi'nimunj‘fg metal temperature during
hydrostatic tests shall be 20 C. Test pressures shall be maintained for at least one hour. Shell
and tube sides shall be tested separately, unless otherwise menti&émed on the drawing. For
tube sheets designed for differential pressure, special care shal] be taken during testing.
Equipment drawings shall clearly indicate if tube sheets have beeh designed for differential
pressure. Drying out as per clause 9.1 shall be carried out immedidtely after hydro test.

All vertical exchangers shall be testec_l‘ in vertical position. Alternatively, exchanger may be
tested in horizontal position with test pressure modified with priorjapproval of Designer.

Stacked exchangers with nozzles interconnected shall be hydro téi%sted in stacked condition

* except when the hydro test pressure of the individual exchanger is gifferent.

STAMPING, NAME PLATES AND WARNING PLATES

Each exchanger shell shall be fitted with an SS nameplate,

Format No. 8—00—0001~E1 Rev. 0
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9.0
9.1

9.2

93

9.4

10.0

Warning plates,

The followmg "5 xchanger parts _shall have the item number stamped . except for heéat
exchangers in low temperature service in which case-the item number shall be marked with
non-removable ‘;,j :

Shell girth ﬂang s, shell cover flange, cnannel girth flanges, flat channel cover, stationary
and floating tuby sheets, floating head cover flange, floating head backmg ring, connecting

pieces, test rmgs: test flanges and other main removable parts.
PROTECTION AND DESPATCH

After completio‘ of all testing and mspecnon the inside of complete equxpment shall be
thoroughly dram d and dried out. Equxpment shall be completely dried by passmg hot air for

sufficient time until no further increase in relative humidity of outgoing air is observed. Dry

out shall be don‘, simultaneously on both shell and tube sides. After drying, the equipment
shall be purged ang filled with dry N; at 0.25 kg/cm®. The equipment shall be provided with

i
pressure gauge to monitor N, pressure, and %" non-return valve. All threaded holes, other

than tetl'tale hol1 s for testing, shall be suitably protected with steel bar plugs. All nozzles not

provided with b! nd flange shail be provxded with steel covers, temporary gaskets and bolts.

Shop painting.- ‘
i
\

All CS and LAS external surfaces, except gasket faces and machined surfaces, shall be
primer painted. Surfaces to be painted shali be prepared for painting by removing loose mill
scale, rust, oil, grease and other films or substances harmful to the adhesion of paint by an
approved method such as shot blast clearmg The surface shall be prepared to near white
finish as per SSL C-SP-10 [SA 2 % Swedish standard (SIS-05-5900)]. The primer shall be
inorganic zinc silicate (65-75 microns dry film thickness), unless stated otherwise.

|

The equipment 1 em number, PO number and Owner name and address shall be painted in
bold white paint iletters written with stencxl on the heat exchanger.

Sliding end of ‘

changers shall be pamted as “CAUTION-SLIDING END” in black on the
primer coating u; the shop. : |

Despatch of eqg ‘1pment

No heat exchanger shall be released for sf ipment until it has been approved by DIA. Heat
exchangers shall be despatched after: the operatlons as required by clauses 9.1, 9.2 and 9.3
have been canxﬁd out and shall be despatched in as-tested condition. In case stacked
exchanger shell‘ are despatched separately the Supplier shall provxde additional set of
gaskets for interdonnected nozzles other than the gaskets included in spares. Heat exchangers
shall be securely anchored for despatch i !n order 10 prevent any shifting and damage during
transportation. Expansion joints and bellows shall be suitably protected against any possible
damage by providmg tie bars before boxing up. Packaging shall be suitable for rail or road
transport and alse sea worthy if transported by sea. Spares shall be despatched separately in a
box and marked“ ith PO number, item number and Owner's name and address.

0

jvide sling mark identification on all heat exchangers with respect to center
of gravity of the equipment.

No equipment sl‘éall be despatched until a written clearance is obtained from Owner or EIL

 regarding Piping|Clips and Structural Cleats on individual equipment.

\1%:
SUPPLIER'S G’L

The Supplier shall be completely responsible for the compliance to Code requirements,
residual design, detailing, fabrication, materials and workmanship of the exchangers as per
the stipulations of the requisition and its-attachments. In this regard, it may be noted that
review by Owne‘; or EIL shall not relieve the Supplier of his responsibility of meeting all
requirements an ensuring satisfactory performance of the equipment. Guarantee period shall

be as per GPC.o :Owner

Farmat No, 8-00-0001-F1 Rev, oii
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SCOPE

1.0

Lk

terms “joints™ shall be construed to mean “tube-to-tube sheet joints?.

This. specification covers minimum requirements for the welding and testing of tube to
tubesheet joints of shell and tube heat exchangers and air cooﬂers. It is the Fabricator’s

responsibility to furnish sound, leak free joints. For the pmpos!ﬂ of this specification, the

2.0 APPLICABLE CODES AND STANDARDS
The latest edition of the following codes and standards shall be complied with:

a) ASME Section VIII Division I :

b) ASME Section V

c) ASME Section IX

d) TEMA fol tubular exchangers &
e) API661 for aircoolers

) AWS

3.0 WELDING PROCESS AND JOINT DETAIL

3.1 Manual or automatic Tungsten Inert Gas shielded Arc (TIG) welding shall be used. All joints
shall be made by using minimum two weld passes. The first pass chould be preferably made
without filler wire to ensure root fusion. The second or final pas;; shall be with filler wire.
Any other welding process can be used only after obtammg vritten approval from the
Authorised Inspector.

3.2 Joint detail shall be as indicated on the Purchaser drawings by %"ving reference to figure
numbers in Appendix-1.of this specification. In absence of any Purchaser drawings or
indication regarding type of joint, Figure 2 or Figure 3 shall be use; depending upon whether
tube thickness is > 2 mm or < 2 mm respectively. |

.
H !)

4.0 WELDING PROCEDURE QUALIFICATION é

4.1 Welding Procedure Specification shall be compiled by the Fabnci%tor and submitted to the
Authorised Inspector for approval before the qualification tests arcﬁpcrformed Mock up test
shall commence only after approval is obtained from the Authonsed* spector

4.2 Welding procedure qualification test is required {o be carried out if :

a) Aunthonised Inspector requires thé test to be carried out.

b) There exists no previous qualification tests within last threg years for the prdposed
combination of tube and tubesheet P number and group|number (as per ASME
Section 1X), tube outside diameter (OD), tube thickness, fiibesheet thickness, tube
pitch, tube pitch pattern, welding procedure and joint detail. All other factors
remaining same, the procedure test need not be repeated if t I Job tubesheet thickness
exceeds 40 mm and qualification exists for 40 mm or higher '1 besheet thickness.

For plug type air coolers additional procedure quahfcatlén test is required to be

performed for any of the following conditions: gi

1) The job has lower clearances between tube and anyf« f the header plates like
top/bottom/end/stiffener/pass partition plate comparc to earlier tests.

i) The job has lower plug size for the same tube size ¢ Tparcd to earlier tests

Format No. 8-00-0001-F1 Rev. 0 : ‘ Coz 'yrightElL All rights reserved
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4.3

44

1) The job has higher plugsheet thickness compéred toearlier tests.

c) Code or requisition or bid document requires the test to be carried out.

If required as per 4.2 above, the Fabricator shall perform a procegure qualification test, at

least two weeks before the scheduled beginning of production. Pracedure shall be qualified
for the same hand position as is being proposed for production. Procedure test shall consist of
the welding of nine tubes for square pitch and eight tubes, (three, two and three tubes per row
arrangement) if on a triangular pitch. This shall be done for each set of combination of tube
and tubesheet P number and group number, welding procedure, joint detail, tube OD, tube
thickness, tube pitch, tube pitch pattern, tubesheet thickness. Additionally for air cooler, tests
shall be done for each tube size with lowest plug size, lowest cl ; ence between tube and
any of the header plates, and the lowest plugsheet thickness to be used on the job. Thickness
of the tubesheet used for procedure testing shall be same as used for job, except that for
carbon steel and aultenitic stainless steel materials, it need no ‘ exceed 40 mm, unless
otherwise indicated. Refer Appendix-2 of this specification for test specimen details.

The following data report (six copies) shall-be furnished for review to Auﬂzorised-InSpector
with the weid samples as outlined below.,

a) Complete details of welding procedure employed indicating yarious machine settings,
: welding rods, inert gas composition & purities, flow rate, weld sequence etc.

b) Mechanical properties and chemical composition of tubeshee}, tubes and filler metal.

¢) The hardness of the weld, the tube, the tubesheet heat af’ fectek;j zone and the tubesheet
base metal after cach pass. T |

i
1

dy The complete test sample shall be cut (by sawing) as p%:r Appendix 2 of this

. as outlined be]oxy:

specification. These shall then be subjected to various tests et ;

') Section 1 shall be polished, etchéd and microphotogra hed for examination of
depth of weld, penetration and defmition of boundaries. The minimum leak path
of each weld shall be not less than the nominal thickness of the tube. The weld
leg shall also be measured and shall be minimum 1.4 timéﬁs the nominal thickness
of the tube.

1) Section 2 (two specimens) shall be subjected to tear test] These specimens shall
be tongue bent to show the extent of weld penetration. The underside of the weld
shall show evidence of adequate & uniform weld penetration.

111} A section 10 mm thick containing the tube end welds shall be sawed from section
3 and radiographed for weld quality. The radiograph |shall be submitted to
Authorised Inspector. No cracks or crack like or visual |defects are acceptable.
Acceptance shall be as per Appendix 4 of ASME Section VIII Division 1. In case
the radiograph is not acceptable, welding procedures shall be suitably modified so
that proper weld and acceptable radiographs are obrained| These shall be proved
by retests.

iv) Section 4 shall be etched and polished and givento Authorfsed Inspector.

€) . A tension strength test shall be carried out as per ASME Séction VI Division 1
Appendix A. This strength test shall be performed at room| temperature for each
combination set of tube and tubesheet P number and group nymber, tube OD, tube
thickness and joint detail. The breaking loads shall be at } fast equal to the load
required for breaking the tube using the minimum specified ultimate tensile strengthf

Format No. 8-00-0001-F1 Rev. 0 ’ ' Copyright £it. - Al rights reserved
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ifr

4.5

50

~F

6.0

6.1
" and as per API‘
side edge of tube
63 AARH. ‘

6.2 Prior to assembly

e as mdxcated in cemﬁcates issued by the tube supplier. When tube material is

cation which does not call for mechanical tests to be performed, ultimate

ength of the tube material shall be considered as four times the allowable

om temperature as indicated by the ASME Section Il Part D, or other
Ie Fatlurc of the test pxccc at the weld shall not be a cause for rejection in

faulty workmanshlp

d to saﬁsfy'himself that the procedures employed are the best for the job
him to givc workmanship guarantee for the equipment Authorised

JIFICATION

s operator qualification test is to demonstrate that both the welding
Iding machines are capable of producing satisfactory joints. Once welding
en qualified as above, welding operators employed on welding shall be
heir ability by making test samples similar to that prescribed above for
hualification. Welding operators may be qualified based on para 4.4 d (i),
(iii) abbve only, provided same welding machines & welding procedures
ing operator qualification test should also be carried out if the welding
cuted similar welding six months prior to production. Repeat tests may be
rse of rflanufacture to determine the consistency of operator or machine to
S.

)F TUBES AND TUBESHBEET

f‘ c to special close fit tolerance as per TEMA for shell and tube exchangers

| for air coolers. Tube holes shall be free from any burns and the bundle
les shall be chamfered or radiused. Tube holes shall have smooth finish to

3 'ect and tube ends (inside and outside for a distance equal to the

tubeshect thlckn‘ss + 30 mm) shal] be c]eaned and degreased to free from dirt, grease etc. It is

6.3 The tubes shall e posrtronqq in the tubesheets by 30° tapered drift pin.

|

6.4 Before welding | be to mbés'hcet, the tubesheets shall be heated to a temperature as required

to remove any
operation. Any s
the welding proged

fasl traces -of moisture or solvent which may remain after the cleaning
pecific rcqutrement for application of preheat shall be established as a part of

ure quahf cation test and should account for increased restraint offered by

the larger assem ly ﬂurmg productxon

7.0 WELDING

Tubes shall be i i

ividualiy welded, using the procedure approved by the Authorised

Inspector. Systematic welding procedure shall be adopted so as to result in minimum
tubesheet distortion, All tubes are to have initial pass completely cleaned as necessary,

visually cxaminé&
applied. Welds

B

nd tested as per para 8.1 below, if required, before subsequent layers are

shall be suitably finished and any spillage or spatter on tubesheet removed.

Spillage of weld metal into the bores of tube is not permitted.

Format No. 8-00-0001-F1 Rev. 0
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8.0 EXAMINATION OF JOINTS

8.r Joints shall be subjected to air-soap solution test after first weld p s with air at 1.25 kg/em?®
(g). Procedures outlined in ASME Section V, Article 10 shall be followed.

8.2 After completion of welding, the tubesheet face, the welds and iitemal tube surfaces to a
distance of 25 mm beyond the fusion line must be cleaned thoroughly by wire brushing and
examined carefully for surface defects. Defects such as cracks,“éurfgc breaking porosity, slag
inclusions and lack of fusion are not acceptable.

8.3 After the visual inspection, a liquid penetrant examination in accorfiance with ASME Section
VI Division I, Appendix-8 & Section V, Article 6 shall be done. Before conducting this test,
the faces of the carbon steel tubesheets shall be cleaned thoro ighly by wire brush and
solvents to remove all weld slag, rust and scale.

8.4 When specified on the drawings or requisition, a halide test shall w performed afier the tests
as per para 8.1, 8.2, and 8.3 above have been successfully comple;d. Procedures for halide
test shall be as per ASME Section V, Article 10, Appendix - III Hal gen diode detector probe
test. ' » :

85 After the final tube expénding (refer para 9.0) has been completed, the liquid penetrant
examination as outlined in para 8.3 above shall be repeated.

8.6 © Whenever a halide test has been specified, an envelope test shall als‘i be done as a further test
for leaks after final tube expanding. For this test, tubesheets shal;%be securely wrapped in
plastic sheets and the shell allowed to remain under test pressure ;ith halogen tracer, for a
period of 10 to 12 hours. Then with the detection set at a maximuin gtnsitivity, the probe shall
be inserted through the plastic cover at the bottom of the tubeshe¢ts and readings taken to -
observe if any leakage has occurred. |

8.7 Final acceptance hydraulic pressure test shall be conducted after tub% expansion at hydrotest
pressure for at least one hour. . '

9.0 TUBE EXPANDING
After the tests outlined in 8.1, 8.2, 8.3, and 8.4 have bbecn succes%fu’lly completed and all
leaking welds repaired, the tubes shall be “‘contact expanded” ith a PARALLEL type

- expander. Contact expanding is intended to bring the tube OD into cantact with the tube hole.
Contact expanding shall begin 12 mm from the tubesheet face and xtend to 3 mm from the
back face. The contact expansion shall have thinning of 3-5% whijch shall be ensured by
measuring the inside diameter of tubes. ‘i

100 REPAIRS
If leaks are found during any of the above testing procedures these haH be reported to the
Authorised Inspector and after obtaining his approval, repairs shall b made by removing the

- defects down to sound parent metal and repeating the qualified we L procedures. All weld
repairs shall be retested in accordance with procedures outlined in parg 8.0 above.

11.0 TEST AND REPAIR REPORTS
Test and repair reports shall be included in the Data Folder. These re 'foﬁrts shall also indicate
the number of leaks discovered on each test and the extent of the repaifdone.

Format No. 8-00-0001-F1 Rev. 0 _ ' chi'm EIL ~ Al rights reserved
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APPENDIX 2 - DETAILS OF TEST SPECIMENS

—

R e e g e ,
: t*—— Lr‘—(—ftﬁ NOTE:-

THE MOCKUP ASSEMBLY $ ; QULD HAVE THE
DIMENSIONS/THICKNESS MARKED '»' AS PER JOB

BUNDLE SIDE

FiG-13 FOR PLUG TYPE AIRCOOLERS

e T T 1 1T

LYV P

FIG-14 FIG-15

PO

LEGEND .
1. FOR MICROPHOTOGRAPHIC EXAMINATION

2. FOR TEAR TEST .
3. FOR RADIOGRAPHIC EXAMINATION
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45

4.6

4.6.1

4.6.2

All U-tubes shall be formed from a continuous length of tubing, fre

This specification covers the minimum requirements for materials

manufacture, inspection

and testing of U-tubes required for instailation in shell and tube heaf exchangers.

CODES AND SPECIFICATIONS (Latest editions)

ASME Section I Part A & B

ASME Section VIII Division 1

TEMA

IBR, if applicable : , .
EIL Specification # 6-15-0001

MATERIAL _

LS.
%

Tubes required for the manufacture of the U-bends shall meet all
Specification # 6-15-0001 and the Codes mentioned above.

Tube thickness speciﬁed in the datasheets and/or drawings are mini

the requirements of EIL

um before forming.

Unstabilized austenitic SS (type 304, 316 étc.) shall not be used. Wherever these are

specified, only low carbon grades type 304L, 316L or stabilised
which has been given a separate stabilization heat treatment in
treatment shall be used.

MANUFACTURE -

grades type 321 or 347,
ddition to solution heat

of girth welds.

The minimum mean. radius of U-bends of tubes shall be 2 times the OD of the tube, unless

specified otherwise.
U-tubes shall be manufactured only from seamless tubes. Welded tu
All U-bends shall be cold formed.

Thinning

bes shall not be used.

Thinning of wbes after bending shall be as per TEMA. One tube for each material and size

shall be bent to the specified minimum radius and cross sectional
points i.e. 0°, 30°, 60° & 90° from tangent line of U-bend.

Flatiening

thickness measured at 4

Flattening after bending shall be within the range given below unles§ approved otherwise:

Minimum radius of bend Flattening
Up to 2 OD + 10%
greater than 2 OD + 5%

Flattening shall be calculated as below:

% Flattening = - MD -0OD x 100
"OD

Format No. 8-00-0004-F1 Rev. 0
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ance

Centre to centre dﬁsmnce shall be measured at the tangent line of the U beﬂd and shall have -
the following to efances: ‘

R < 5x0D + 1.0
R =25x0D + 1.5

|

Bend Radius i% Tolerance (mm) ' , X
L T
%

4.8  The bent portion Tha!ﬂ be substantially uniform in curvature and shall not exceed + 1.5 mm
line radius.

|

4.9 Permissible devmﬁog from the plane of bend shall not exceed 1.5 mm as measured from the
|
|

- . of nominal centre

point of tangency%
Sl

it
|
i

]
5.1 All Carbon Steel '}31{1 led Carbon Steel, Low Temperature Carbon Steel, 3%4 % Ni, Carbon-

moly & Low Allcléy Steel U-tubes up to 5 times tube OD bend radius shall be stress relieved

after bending over U-tube plus 300 mm (min) beyond the point of tangency.

50 HEAT TREATMENT

52" . Al SS (300 seneé and Incoloy U-tubes where bend rad;us is less than 5 times the tube OD
shall be solution annealed after bending over their full length, except that partial length of U-
bend plus 300mm1(m mmum) beyond the point of tangency can be post bend stress relieved if

. the S8 is of stabn!fgzed heat treated (stabilized) grades, such as SS 321, SS 347, SS 316 Ti. In
« case, vendor wan § to avoid full length annealing he should use SS 321 wherever S8304 or
SS304L 1s specxf?d and SS 316Ti wherever SS 316 or SS 316L is specified.

5.3 All non-ferrous iﬂ)-mbes, e.g. cupro nickel, monel, admiralty brass, aluminium brass,
1rrespect1ve of b‘i d radii, shall be stress relief annealed after bending over the U-bend
on each straight length.

itanium, nickel and high nickel alloys U-tubes shall be done only if
s and/or drawings.

5.4

| u

5.5 For Duplex and & uper .Duplex SS tubes heat treatment is not recommended and shall be
done only if specl’ined in the data sheets and/or drawings.

5.6 Stress rehevmg of ferritic and martensitic SS (400 series) U-tubes shall be done only if

specified in datas,eet and/or, drawings. If stress relief is specified, stress relieving shall be

send plus 300 mm (minimum) by furnace heat treatment only.

57 ants, oil, grease, etc., shall be removed frorﬁ U-bends before stress

rfaces of SS (300 series) tubes shall be checked for cleanliness by

‘ ‘ acetone |soaked felt plugs.: Dry, oil free air or nitrogen shall be used for

blowing the plugs, If plugs show more than a light gray discoloration, the tubes shall be

~ recleaned and rgtq%tec. \ :

during heat treatment shall be accomplished through the use of optical
rs or both. No temperature indicating crayons, lacquers or pellets shall

5.8  Temperature contr
or emission pyrom
be used.
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59 ° Methods for heat treatment . _ XS
5.9.1 By electric resistance (I . ~ ‘3
h
5.9.1.1  Heat treatment by electric resistance heat treatment is accetable for most materials
except ferritic and martensmc SS and chrome-moly steels, ang is always recommended
for austenitic SS. o _ ‘ * ‘ ‘

59.1.2 Close control of tube temperature is required during heat Hreatmcnt Measure the

- controlling temperature with a thermocouple or calibrated ¢ ptlcal pyrometer on the
straight tangent near a U-bend. Do not deviate the heat treatmnt temperatures specified
in Code by +15°C. !;

. . |
592 By furnace |
x
5.9.2.1 * U-Tubes shall be properly supported above the furnace floor. x
5922 Establish a procedure on lines similar to Cl. 5.9.1.2. Prosed procedure shall be
submitted to the AI and approval obtained prior to actual heat Famxent.
L |
5.10 Heat treatment temperatures by furnace and/or electric resistgnce methods shall be as
given in the respective product specification or in the Cod. subject to a maximum
variation of *15°C. The stress relief heat treatment temperatyre shall be at least 25°C
below the minimum tempering temperature used for the original Qrxatenal
| -
In the case of duplex SS, cooling after the solution annealing shs ‘H be carried out by using
forced air, inert gas blast or water quenching ;

5.11 All SS U-Tubes after heat-treatment shall be pickied and passwa;f d as per. ASTM A380

employing a previously, quahﬁed procedure acceptable to Purcha er/ EIL.

6.0  INSPECTION & TESTING |

6.1 All U-bends shall be v;sually inspected to detect any harmful eff ct -

%

6.2 All the U-bends with bend radil less than 5 times the tibe OD shall be inspected for
thinning, flattening, centre to centre dlstance bend curvature a d for the deviation from
the plane of bend, to ensure conformance to the limits specified. _U-bends with bend radii
greater than 5 times the tube OD shall be inspected randomly at the discretion of the Al,
subject to a minimum 1 tube per one bend radius batch é

6.3 For SS 300 series tubes, IGC corrosion test shall be carried ut as per ASTM A262

. practice-E, unless waived.otherwise, after final heat treatment. pecxmen after exposure

to the IGC environment shall be bent as per A262 practice-E an “shal] be inspected under
a magnification of 200x. The bent specimen shall be free of any ¢ aLks or grain dropping.
The microstructure shall be submitted to Purchaser/EIL and/or for approval.

6.4 -All tubes after U-bending, heat treatment, cleaning, etc. shall be ghydrostatu:ai]y tested to

70 kg/em®g or tube side test pressure, whichever is greater, prigy to assembling the tube
bundle. Minimum holding time shall be 2 minutes. Hydro test re rts shall be submitted.
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