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1. Background

Quality Assurance aims tcelkep the quality of a product/ equipmenbvea spedied level

and ensures thate product not only meeall customer requirements but also nsetbie
suppliesbobjectives and targetBurther, following a good gality Assurance Rn (QAP)
reduces the chance of costly mistakes and mitigatesTiis&.is specially required for
Power Sector for ensuring quality, reliable and economic power supply as it sereas bill

of people on a daily basis besides serving commercial and industrial sectors in their
contribution to economic growth of countfiyo achieve this, manufacturers and utilities
rely on QAP.However, it has often been observed that there is variancAmRs Qeing
followed by different manufacturers, utilities, etc. suiting their requirements. It appears
that there is a need for uniform guidelines for QAPs which shall be followed by all
stakeholders throughout the country. Further, these Model QAPs (MQNa#) be
efficient in terms of number and type of tests being performed during the entire cycle from
raw material/ sultomponent sourcing to production to their commissioning so as to
reduce unnecessary testing, avoid redundancy at various stages aqglentig save

time and cost of the project.

In view of the aboveMinistry of Power(MoP) had desired the Standardization of Test
Protocols foiElectroMechanical (E&M) Ejuipment used in Power SectaAccordingly,
Central ElectricityAuthority (CEA) had constituted a Committewiith members from
CEA, Power Sector Utilities, Manufacturers, etide CEA OM dated 01.11.2021
(enclosed as\nnexure-l) to deliberateon the subject matter. The major decisions taken
during the series of meetings (02.11.200%.11.221 and 30.11.2021held by the
Committee were tstandardizethe duration of validity of Type Testsconductedon
variouse&M equipment and preparation of Model Quality AssurdPlee (MQAP) of

major E&M equipment in the entire powsector

Further, fiveSub-Groups were constituted for framing the guidelines for validitiygfe

Tes(s) and preparation of MQAP of major E&Efuipmentpertaining to differensub>

sectors of Bwer Sector, viz. Thermal Generation,Hydro Generation,Renewable
Energy Transmissiao and Distribution comprisingrepresentaties of Central Power
PSUs, StatePowerPSUs and Private Power utilities.




After detailed discussions amongst the Committee andyisulp members and inputs
provided by the manufacturers/ vendors/ utilities, #tis documenthas been prepared
containingdraft guidelines for MQAP of majoE&M Equipment inThermal Power
Sector.

2. Quality Assurance Plan(QAP): Introduction

Quality of an equipment can be improved by taking effective steps at the initial stage itself,
whi c h i ncludequéauséey of awmi goht eri al s o6 and
processesao. The perfor mance of a ofdesignui p m
However, all good designs may not yield good end praghlesss they are well supported

by good materials, good and healthy machines and skilled workmen (operators)/
workmanship.The formulation and implementation of an efficier\)comprises ofa
properly designedjuality assurance program along with progecumenation at every

stage an efficientquality assurance test and finally implementation of quality assurance

plans.

3. Broad Categoriesof Testsconducted on E&M Equipmentin Power Sector

3.1 Type Test:

- These tests are conducfed validation of design i.e. for confirming the main and
basic design expectation of the equipment. These tests are dorg omaia
prototype unit and notroall manufactured units in a lot.

- This is a test conducted on an equipmewhich is representive of other
equipment, to demonstrate that these comply with specified requirements not
covered by routine tests. It needs to be noted heranhequipment is considered
to be representative of otheffsit is fully identical in rating ad constructia, but
the Type Test may also be considered valfdt is made on an equipment which
has minor deviations of rating or other characteristics. These deviations should be
subject to agreement between the manufacturer and the purchaser.

- In case Type Te<sTertificate is available for the specified validity perifod the
same desigrtherepeat test is not required.

- TheType Testsare conducted as per relevapplicableStandard.




3.2 Routine Test:
- These tests are conducted mainly for confirming theatiperal performance of
the individual unit in a production lot.

- These arat presentonductedas per relevant applicable Standard

3.3 Special Tess:
- These are the tespther than aylpe Testand/or RoutineTestasagreed by the
manufacturer and thaupchasein the contract
- These tests are done as per customer requirement to obtain information useful to
the user during operation or maintenance of the equipment.
- These are conducted as per relevapplicable Standard (as specified under
Contract oto meet certain requirement of Contract)

3.4 Theseabove mentioned tests are further classified on the basis of the stage at which
they are conducted, either at the works of the contractor or at site adgiven
1. The Type Tests/ Routine Tests/ Special Tests as the case may be, if conducted
at the works of the manufacturer before Manufacture Dispatch Clearance
Certificate (MDCC) of the equipment from the works to the site are called as
Factory Acceptance Tests (FAT)he objectives of FAT are generally as
follows:
a) Factory Acceptance Test (FAT)

- A FAT helps to verify that newly manufactured and packaged
equipment meets its intended purpose. The FAT validates the
operation of the equipment and makes sure the custsotherp ur ¢ h a ¢
order specifications and all other requirements have been met.

- This is a test that runs on the equipment or components before it is
delivered to its intended destination.

- FATs are usually done at the factovgrksto make sure that certain
requirements are met. Further, these tests are normally done with the
customer, and also, in certain more demanding cases, with a third
party inspection agency.

- These are conducted as per relewgplicableStandard.




2. The Routine tests/ Special tests asdhse may be, if conducted at the site
during erection and commissioning are called as Site Acceptance Tests (SAT).

The objectives of SAT are generally as follows:

b) Site Acceptance Test (SAT)

- These tests are done to make certiaa specifiedquality is metby
the equipmentat site and to offer customerquality testing and
documents, and also furthemsuringhatnothing has changed or was
damaged during shipmefriom supplier premises, storaged its
installation.

- SATs are done at the specific plaedsere usually commissioning is
done.

- While FATs can use simulations to demonstrage to how the
equipment will function in its future operating environment, it may
be difficult to mimic the actual operating conditions.

- SATs are onlyconductedafter the FAT has taken place and iteen/
equipmenthas been deliveredhis is the only way to truly determine
whether a piece of new equipment will functiorreguired.

- These are conducted as per relewaplicableStandard.

4. Purpose of Uniform Guidelines for Model Quality Assurance Plan
(MQAP):

There is an imperativeeedto have convergence in the preparation of Model Quality
Assurance Plan (MQAPas this will avoid variance among different stakeholders
(manufacturers/ purchaser/ utilities, etsignificantly savdime & money andeduce

burden onsuppliers & testing facilitieand cost to the end consuméns removing
redundancies in testing procedures. Therefore, there is an urgent requirement to frame

guidelines to make a uniform MQAP

The majorobjectivebehindpublication of these guidelines for MQAP of major E&M

equipment of Power Sector are broadly as ghelow:




I.To prepare Model QAPs, which are efficient and simultaneouslyhave overall
coverage of testsUnnecessaryand repetitive tests at different stages would be
optimized and the tests for only important/ major equipment would be included in these
MQAPs. The sample size for testing shall also be standardized in the MQAPSs.
would help in saving costime and ©nflicts for not only the vendors/ manufacturers

but also the purchaser/ consumer

Ii. To moderateg optimize Customer Hold Points (CHPs) for noncritical tests. For
this purpose, model QARse beingramedand accordingly those tests are identified
for which only the Test Certificates (TCs) shall be sufficient and acceptable upon its

review, thereby reducing the overall number of CHPs in inspections

lli. To bring the convergence in QAPs being prepared byowsrimanufacturers or
approved by utilities andet uniform guidelinesof MQAP for all major Electro-

Mechanical equipment manufacturerd suppliersand purchasersin the country.

iv.To avoid overloading of testing facilities This shall be achieved in conjuiwet with
the guidelines for the validity period of Type Test(s) for major E&M equipment of
Power Sector. Specifying the validity ofde Tes(s) and removal of repetition of non
critical tests as per applicable Standards and optimizing CHPs in MQAPsredutsk
the burden on the existing testing facilities leading to reduction in waiting time and
henceforth optimal utilization of testing facilities which are available with limited

number of laboratories.

5. Broad Guidelinesfor Model QAP of Power Sector

a) All the utilities/ purchaser/ developers/ suppliersTinermal Power sectorshall
prepareand followthe Model QAPgenclosedas Annexure Il) of major and critical

E&M equipment for which the list is as given belowTiable 1.

Table 1: List of Major E&M Equipment of Thermal Power Sector for Model
QAP Preparation:




Sl. No.

Name of Equipment

1)

1.1STEAM GENERATOR AND AUXILIARIES

a)
b)
c)
d)
e)
f)

9)
h)
)

Pressure Parts

Boiler water circulation pumps

Air Preheaters, Steam Colil Air PHeater and Fuel Oil Heaters
Soot Blowers

ID, FD and PA fans

Coal Mills, Pulverised Coal Piping and Burners

Coal Feeders

Boiler structure, ducts, hoppers, dampers etc.

Electro Static Precipitators (ESPSs)

1.2STEAM TURBINE GENERATOR AND AUXILIARIES

a)
b)
c)
d)
e)
f)
9)
h)

)

K)
)

Steam Turbine

High pressure (HP) andtermediate pressure (IP) enclosures
Low pressure (LP) enclosure (fabricated)

Turbine rotors

Stator and rotor blades and shroud bands

Diaphragms

Exhaust hood

Stop, control and bypass valves, actuators/ semwitors and
steam strainers

Cast and forged stecomponents

Bolts and nuts for pressure retaining enclosures and |
couplings

Governing and protection system equipment

Inspectiorof completedturbine

1.3 Integral Auxiliaries of Steam Turbine

a) Bearing pedestals, housings and bearings

b) Cross around pipes

c) Lubricating oil, jacking oil and control oil systems

1.3.1 Steam Condenser




1.3.2 Feed water heaters, drain coolers, gland steam condenser an
deaerator

1.3.3 Boiler Feed Pumps

1.3.4 Condensate Extraction Pum{@sEPs)

1.3.5 Condensate Polishing Unit (CPU)

1.3.6 Condenser Othine Tube Cleaning System

1.3.7 Debris Filter

1.4 HIGH PRESSURE PIPING, VALVES, THERMAL INSULATION
AND MISCELLANEOUS SYSTEMS/ EQUIPMENTS

1.4.1 High Pressure Piping and Fittings

1.4.2 Power Cycle Valves

1.4.3 Metallic expansion bellows

1.4.4 Hangers and Supports

1.4.5 Thermal insulation, refractory, lagging and cladding

1.4.6 Low Pressure Piping, Valves and Fittings etc.

1.4.7 Equipment Cooling Water (ECW) System

1.4.8 EOT Cranes and Hoists

1.4.9 Elevators

1.4.10 Air Conditioning System

1.4.11 Ventilation System

1.4.12 Miscellaneous Items/ Equipments

1.5 FIELD ERECTION CHECKS AND TESTS

2)

ELECTRICAL SYSTEMS

a. Generator and auxiliary systems

b. Generator IsolateBhase Busducts and Neutral Grounding equipn

Power Transformers

HT BUSDUCT

Auxiliary Service Transformers

=~ o| 2| o

Motors

11kV, 3.3kV Switchgear

= L

415V Swithgear and Busduct




i. Power and Control Cables

j. Installation of Cables, Earthing system and Lightning Protection

system

k. DC Storage Battery

|. Battery Charger

m. Protection and relay panel for generator, generator transformer &
UATs

n. Emergency Diesdgbenerating Set

0. Electro Static Precipitator (ESPElectrical

b) MQAPs of those E&M equipment which have not been covered iArthexure Il

shall be subject tthe terms of mutual agreement between manufacturer and purchaser.

c) Test Certificate$§TCs) of Boughto u t i tems establishing ¢t}
upon review shall be acceptable to the purchaser.

d) Any change in practice or acceptance norms (with reference to various
tests / parameters in respectivetiblaal / International standaradvould be suitably
incorporated by manufacturéom time to timeand submit the same for approval of
purchaser / utility.

e) These guidelines MIQAPs specify the maximum numbers of CHi#sl highest
limit of sampling sizethat could be included in the espification by the developer/
purchasewhile conforming to the applicable Standard

f) In order to save time, both the supplier and the purchaser shall be free to identify lesser
number of tests as CHPs as per specific needs of purchaser subjecagoetdraent

between them.

g) The utilities/ purchasenay request for additional tests which have not been covered
in MQAPs of listed E&M equipmentat their owncost. However,the utilities should
refrain from makingit a regularpractice.Theutility mustclearly specifyas towhich

additional test(syvould berequired during thewardng of the contract and quotation

forsuch tests should evited separately in the price bith such casetheutility shall



provideextratime for repetitionof suchtest(s) In case there is change in the governing
regulations/ applicable standards, the supplier would conduct the required test at his

own cost.

h)The pur chaser reserves the right to get
accredited labotaor vy a't suppli erds cost i n case t

meeting the purchaser s requirement

i) The TCs at initial/raw materialfin-process stage by customer shallpbepared and
maintained by the suppligfurther,the same shall beonsidered as accepted only after

its acceptance by the purchaser upon review at appropriate stage of CHP.

j)  The quantum of checlshall ke strictly keptas specifically quantified in the column

of 60 Qu a nt u mshallfbe dovemed byotree nlatument referred under column of

60 Acceptance Nor ms 6 i n QAP. However, w h
menti oned as Osampl e per |l ot 6, t he s ame

whichever is higher except in the eadf Type Tests.

kk No materi al shall be des patefork thalsarieriso m 1
accepted, subsequent to qoiespatch finalnspection including verification of records
of all previoustests/i ns pecti ons by Pur c hatve endduly aut

authorised for despatch.

)  Manufacturer shall carry out adstsfinspection required to establish that the items/
equipmentconform to requirements of the specification and the relecades/
Standards specified in the specification, in idad to

carrying out tests as per the approved quality plan.

m) Quality approval of the results of the tests andpection will not, however,
prejudice the right of the Purchaserreject the equipment if it does not comply with the
specification,when ereted or does not give complete satisfaction in servicetlaad
above shall in no way Ilimit the liabilities and responsibilities of
the manufacturer in ensuring complete conformance of ntlagerials/ equipment
supplied to relevant specification, standaddta sheets, drawings (approved by the

Purchaser), and minutes$ various meetings with customer / Purchaser etc.




n) Any repair/rectification procedures to be adopted to make theagaleptable shall
be subject to the approval of tRerchaserauthorised re@sentative.

0) All inspection, measuring and test equipment usedmanufacturer shall be
calibrated periodically depending on its asl criticality of the testheasurement to be
done. Themanufacturer shall maintain all the relevant records of peraadileration and
instrument identification, and shall produce shene for inspection yurchaser. In case
repair is carried out inhe measuring and test equipment it should be compulsorily
recalibrated. All calibrated measuring and test equipment mysboperly sealed after
calibration to stop any kind of manipulatiovith the equipment. Wherever mutually
agreed betweemanufacturer &purchaser, the manufacturer shallcadibrate the

measuring antest equipment in the presence of the Inspector.

p) The laest CEA (Technical Standards for Construction of Electrical Plants and
Electric Lines) Regulations shall also be complied with for ensuring the minimum
technical requirements for construction of Generating Stations, Transmission &

Distribution Lines an®ubstations.




ANNEXURE |

CEA OM DATED 01/11/2021 REGARDING CONSTITUTION
OF COMMITTEE FOR STANDARDIZATION OF TEST
PROTOCOLS FOR ELECTRRECHANICAL EQUIPMENT IN
POWER SECTOR




File No, CEA-HY-17-145M1/2018-HETD Division

-

ITY ST Governmant of Indin

YT IO TTNInvatry of Power rfitale

Th e gy mRwrwiCeniial Elesiiony Awmarnty 01028727788
g s AN AE ey say LA TS

Hydn Ergg & Techrokegy Oev. Diwision LCICITY ¥ TATNTY

e eer ar & e, et fosh 1 100es TAWMAT Wabalie

Sews Bhasan B K Farann ! New Debvi 1 10ess sww ceg iy

No. 10/3/ERTD/2021/ Date:~).18.2021
QOFFICIAL MEMORANDUM

Subject; Constitution of Committee for Standardization of Test Protocols for
Electro-Mechanical equipment in Power Sector-reg.

As Hon'ble Union Mwster of Power has cesired to standardize Test
Protocols for Electro-Mechanical egupment in Power Sector, 8 Committee is hersby
constituted corsisting of the following members;

1. Member (GORD & Hydro) CEA Charman
- Chief Engineer (TERTD), CEA Member
3. Chief Engineer (PSE&TD) CEA ~~~~~  ™ember = —
4, | Chief Engineer (DPT), CEA Member
5. Chief Engineer (RTD), CEA Member
6, Representatve of CPRI Member
7 Reprasentative of NTPC Mamber
8 Representabwe of PGCIL Member |
9, Representative of NHEC ernber |
10. | Representative of BHEL Mamber
11. | Representatwe of SECI Member
12, | Representatwe of DISCOM Mernber
13. | Chief Engineer (HERTD), CEA Maember & Convener

Furthar, the Committee may co-opt any other mamber, if reguired.

The Terms of Reference (ToR) of the Committes shal be as given below.
1) Standardization of Type Tests, Routing Tests, Field Acciptance Tests, ate.
2) The passidiity of using CEA Regulations as part of Test Protocols.

3) Incorporation of outcome &t Sl No. 1 » CEA Regulatiors for making #
enforceable.

4) Any other isswe/ agenda with the consensus of the Commattes.

The Committee shall submit & Report within 01 weesk from the date of receipt
of this arder,
This issues with the approval of the Competent Authority. - PR
oyl

{Sonam Srivastava)
Asstt. Director




To:

8.
9.

File No.CEA-HY-17-145/1/2018-HETD Division

. Chairman, CEA

Member (GO&D and Hydro), CEA

. Chairman & Managing Director, NTPC LUmited, NTPC Bhawan, SCOPE

Complex, Institutional Area, Lodhi Road, New Delhi - 110003 - with a
request to nominate a representative of NTPC (not below the rank of ED/GM)
Chairman & Managing Director, PGCIL, Power Gric Corporate Office,
Saudamini, Plot No.2, Sector 29, Near IFFCO Chowk, Gurgaon (Haryana) -
122001 - with a request to nominate a representative of PGCIL (not below
the rank of ED/GM)

Chairman & Managing Director, NHPC Ltd., NHPC Office Complex, Sector-33,
Faridabad - 121003 (Haryana) - with a request to nominate a representative
of NHPC (not below the rank of ED/GM)

Managing Director, SECI, 6th Floor, Plate-B, NBCC Office Block Tower-2, East
Kidwal Nagar, Kidwai Nagar, New Delhi, Delhi 110023~ with a request to
nominate a representative of SECI (not below the rank of ED/GM)

. Chairman & Managing Director, Bharat Heavy Electricals Limited, BHEL

HOUSE, Siri Fort, New Delhi-110049 - with a request to nominate a
representative of BHEL (not below the rank of ED/GM)

Chief Engineer (TE&TD), CEA

Chief Engineer (DPT), CEA - with a request to co-opt a representative from
any DISCOM

10.Chief Engineer (PSE&TD), CEA
11.Chief Engineer (RTD), CEA - with a request to co-opt members from RE

Sector (not below the rank of ED/GM)

12.Chief Engineer (HE&TD), CEA
13.DG, CPRI, Central Power Research Institute, Prof.Sir C.V.Raman Road,Post

Box No: 8066, SadaShiva Nagar (p.c), Bengaluru, 560080
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Annexure-ll|

(QUALITY ASSURANCE PLAN)

QUALITY ASSURANCEPROGRAMME

All materials, components and equipments covered under the scope of supply shall
be procured, manufactured, erected and testedalhtstages as per the
comprehensivQuality Assuranc€QA) programmeThe QA documenindicating
thespecificinspectionandtestingrequirementso be followed shall be subjectto

the approval of the purchaser. The contractor shall submit his quality assurance
programme foreviewby purchaseand shallgenerallycover the following:

1)  Organizational structure for managemamd implementation of the proposed
guality assurance programme.

i) Quality systemmanual.
i)  Documentatiortontrolsystem.
iv)  Qualificationandexperiencelataof contractor'key personnel.

v) The procedure for procurementof materials, parts, componentsand
equipment.

vi) Procedure for inspection at source, inspection of incomingnmaterials/
parts/components verification of materials purchased.

vii) Procedurdor selectionof subvendorsandsub contractors.

viil) Systemfor shopmanufacturingncluding processcontrols, fabricationand
assembly control@ndprocedurdor productidentification& traceability.

ix) System for inspection and testing during manufacture, processing,
fabrication,welding,assemblyand other activities.

X) The reference documents, plastandards, acceptance norms, test and
inspectionprocedureetc.

xi)  Controlof calibrationandtestingof measuringandtestingequipments.

xii)  Systemfor quality audits,documentatiorto indicate conformanceor non
conformanceof the productto the specificationand testingand inspection
requirementsreview and control of non conformingitems and systemfor
correctiveactions.




1.2

1.2.1
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xiii) Systemnfor indicationandappraisabf inspectionstatus.

xiv) System for authorizing release of manufactured product to the
purchaser.

xv) Systemfor packaginghandling transportationstorageanddelivery.

xvi) Systenfor generatiorandmaintenancef inspectionandtestrecords.
STEAM GENERATORAND AUXILIARIES

Testing and inspection requirements rofjor equipment over and above the
respectivecode/standardequirements are givedrereunder:

Pressurdéarts

Only those materials shall be used in the manufacture of pressure parts which can
be identified againsimill sheet or manufacturer test ticates. Material shall

meet all the mandatoryrequirementgandsupplementarghecks,f askedfor) of
specified specification, Indian Boiler Regulations (IBR), and relevant
code/standard. All nodestructivetesting as detailed against relevant equipment
shall meet the requirement &STM section 3 Vol.3.03 or equivalentBIS
standard.

Drum

i)  Eachplateshall be subjectedo a 100 % normalandshearultrasonicat the
millto meet the minimumequirements of BS: 5996 grade LC3/ ASTM or
equivalentstandards. Elevated temperature tensile tests shall also be carried
out on platematerialfor each heat.

i)  After cutting to size and removal of cut outs, the plates shall be subjected to
magnetic partie examination (MPE) along the edges of the plate and on
areasadjacento the cutouts.

i) All forged connections shall be examined by 100% ultrasonic testing (UT)
beforanachining.

iv)  Fully machined connecting pieces of internal diameter 100mm and above,
excepftor forgings,shall be subjected to MPE.

v) Mechanical tests shall be carried out on specimens prepared from the
productioncontroltest plates of thiongitudinal welds.

vi)  Mechanical tests shall be conducted on the specimens from manhole cutouts
of dishedends.



vii)

viii)

Xi)

xii)

All butt welds shall be subjected to 100% radiographic test (RT) before stress
relieving.

On completion of welding, the entire drum shall be subjectedto stress
relievingn the furnace.

All butt welds shall be subjected to 100% ultras@est and magnetic particle
examinatiorafter stress relieving.

All full penetration welds shall be subjected to ultrasonic examination after
stresselief.

After stressrelieving, all welds shall be examinedby magneticparticle
examinationMPE) methodsdependingn size andaccessibility.

Complete drum shall be subjected to hydraulic pressure test and all
compensatingadsshall be pneumatically tested.

1.2.1.2 Headers

1.2.1.3

)

Vi)

Raw material for headersshall be subjectedto UT prior to fabrication.
Transverset e st on headers (greater than
Flattening test on pipe from one end (25% of lot).

All butt welds shall be subjected to MPE and radiographic examination before
stresgelieving.

All full penetration nozzle and attachment delshall be subjected to UT
prior tostresgelieving.

All nozzles, branches, stubs and load bearing attachment shall be examined
by MPE techniques after the toes of the weld have been ground smooth and
stresgelieved.

Non-load bearing welds shall lexamined by MPE techniques after the toes
of thewelds have beeground smooth anstress relieved.

Completed closed end headers shall be subjected to hydraulic pressure tests
andall compensating pads shak pneumaticallyested.

Tubesandtube elements

1)

Raw material for tubes for water wall, superheater, reheater, economiser,
riser, supply and connectingtubesincluding nozzle/stubsconnectionsfor
drum, headers, pipe work etc., shall be subjected to 100% UT prior to



1.2.1.4

fabrication as pelBR or ASME E 213 or equivalent with the longitudinal
calibration notch oflepth5% of wall thickness (0.3mmminimumand1.5mm
maximum).

All bent tubes, stubs shall be checked for ovality and thinning by ultrasonic
methodon first off lot andrandomcheckson subsequent pieces.

All tubes, stubs, panels, coils shall be checked for clearance by steel ball test
andfor cleanliness by sponge passage.

Finished butt welds shall be subjectedto RT and UT. Wherever the
code/standard/process specifies random samplihg, same shall be
minimum 20%. All fillet welds (including fins if any)shall be subjectedo
MPE or dye penetratiortest(DPT).

Tubes and fabricated panels, coils shall be subjected to hydraulic pressure test
excludingwater wall panelsand loosetubesbut including burner panels,
reheaterssuperheaters and economizers.

Integralpiping, valvesandfittings

)

Vi)

All pipe lengths shall be subjected to 100 % ultrasonic examination as per
ASMEE?213 or equivalent, with longitudinal calibration notctdepth 5% of

wall thickness (0.3mm minimum and 1.5mm maximum) or hydraulic tests
and UT orRT on longitudinal welds at thietbe mill.

All mother pipes shall be subjected to 100% UT prior to fabrication as per
ASMEE 213 or equivalent with longitudinal datation notch of depth 5% of
wall thicknesg0.3mmminimumand 1.5mm maximum).

All forged fittings shall be checkedby UT and formed fittings shall be
checkedy MPE.

All pressure parts shall be 100 % UT tested. All welded, cast alloy steel and
carbonsteel fittings for use above 71 bar design conditions shall be 100 % RT
tested. However, wherever the code/standard/process specifies random
samplingthe sameshall be minimun20%.

All bent pipes shall be checked for ovality and thinning by UT on fffdob
andnrandomsampledor subsequentieces Outersurfaceof bendsshallbe
subjectedo MPE or DPT.

The edgepreparationfor shop and site welds in stainlesssteel and alloy
steethallbesubjectedo dyepenetratiortheck.Non-destructiveexamination
ofweldsshall becarried out aftepost weldheattreatment, if any.



vii) All butt welds shall be subjected to UT or RT and MPE. For weld on alloy
steelpiping, UT or RT shallbedoneatfterstresselieving.Whereveithecode/
standardprocessspecifiesrandomsampling the sameshallbe minimum20
%.

viii) All butt welds in alloy steel piping of P91, X20 and X 22 shall be checked for
RTor UT and MPE after stress relieving (SRUT shall be of digital
recordabldype.

ix) All weld joints in alloy steel piping of P 91, X20 and X22 shall be checked for
hardness. For preheating and post weld heat treatment (PWHT) induction
heatinghall be deployed. However, PWHT can be done in furnace3#so.
hardnesgheckshall ke carried oubn welds ofother alloysteel piping.

x) All loadbearingattachmentvelds shall be subjectedto MPE after stress
relieving.

xi)  For HP piping, nordestructive examination of welds shall be carried out in
accordance with the relevant design/maotufiang codesHowever, apart
from above, the following requirements shall be miétrther statutory
requirementwhereverapplicable shalalso becomplied withthe following:

a) Temperature 400°C and/or pressurexceeding’1 bar
1 100%RT or UT on buttweldsandfull penetratiorbranchwelds.
1 100%MPE.

b) Temperature> 175°C upto 400°C and/or pressureexceedingl? bar
andupto71 bar

1 100%RT or UT on butt weldsandfull penetrationbranchwelds
forpipediameter more than 100NB.

1 10% RT or UT on butt welds and full penetrationbranchwelds
forpipediameter uptd OONB.

1 100%MPE.

c) All other pipes not covered above shall be subjected to 100% MPE or
DPT in case of under ground pipes and 10% MPE or DPT in case of
piping above the ground-urther, 10% of butt welds of underground
piping shallbesubjected to RT.

1.2.1.5Valves

) Pressureetainingpartsof valvesshallbe subjectedo NDT asperTable8-
1.



i) Hardenedandstellittedvalve disc and seatshall be subjectedo DPT and
hardnesgheck.

i) 100% UT of stem dia 500mm or more.

1Y) 100% UT of body & bonnet for valves 1500 class or above. 100% MPE for
600 class and above.

xiii)  Color matching of valve disc/plug and seat shall be carried out to ensure
minimum 80% contact and no through passage. UT / Rillgfenetration
welds. & MPE of fillet joints (in case of cast valves).

V) Hydraulic pressure test and seat leak test shall be carried out as per ANSI
16.34 or IBR.

Vi) Air seat leak test shall be carried out as per applicable standards or codes.
vii)  Functionaltests shall be carried out on each valve to check the following as

per the approved valve data sheet

a. Smootloperation.
b. Valvetravel,closingandopeningtime.
c. Currentdrawnby actuators.

Springsfor safetyvalvesshall be testedwith suitableNDT andfor spring
stiffnessrate.

viii)

IX) Safety relief valves shall be tested for performance. Lift set pressure, back
pressure, reset pressure test in case of safety relief valves.

Tablel-1, NDT requirement$or pressureetainingcomponent®f valves

Valve size | ANSI ANSI Class | ANSI Class | ANSI Class 900
NBin mm | Class above300 above600 and abovebut

upto300 | upto 600 below 900 below 4500
Less than| Visual Visual Visual MPE (for special
50 classvalves)
50 & Visual Visual MPE (for MPE and RT on
abovéut speciaklass | 10%of valves
below 100 valves) on

100%area




100 & | Visual MPE MPE and RT| MPE and RT on
above but on 10% of | 100%area
less than valves on
300 change of
sectionand
weld
ends
300 MPE MPE MPE and RT| MPE and RT on
and on change ol 100%area
above sectionsand
weld
ends
Note:

i.  Forbody andbonnetforgings,UT with MPE may beadoptedn placeof
RT.

ii. Forausteniticsteel MPE may bereplacecby DPT.

1.2.1.6Non pressurdearingattachments

Load bearing welds shall be subjectedJT and MPE after stress relievingon

load bearing welds shall be subjected to MPE after stress réhef.toes of the
weldsadjoining the drum shall be ground smooth prior to stress relieving before
carrying outthis examination.

1.2.1.7 Hydraulictest

)] The drum and all components which are to be subjected to fluid pressure
shall betested to minimum of 150% of the design pressline.duration of
the pressureests shall be sufficient, as approved by the purchaser, to show
any leakage pathendto permt a thoroughexaminatiornof the component
whilst underpressure.

1)) The temperature of the fluid used for the pressure test shall be such as to
avoid any possibility of brittle fracture at a low temperature and the same
shall be modified and submitted tbe purchaser for approval, before
commencing the test.

i) The fluid used shall be of a sufficient purity and where relevant, suitable
inhibits shall be used to avoid excessive corrosion and /or damage to
temporary parts either during the test or ptaodrying and cleaning.



1.2.1.8 Pneumatidestof compensatingads

All compensatingpadsshall be provided with two-threadedweep holesto test
weldsat
0.5kg/cn? (g) with soapsolutionandno leakageshallbeensured.

1.2.2 Boiler watercirculationpumps

i) Raw material for casing, shaft and impeller shall be checked for high
temperature physical properties, apart from mandatory and supplementary
checkof material specification.

i) All forging and castings shall be subjectedl00% UT or RT and MPE or
DPT check.

iy  Staticanddynamicbalancingof therotarypartsshallbe carriedout.

iv)  Hydraulic pressure test shall be conducted on pump casing at minimum 1.5
timesthe design pressure.

V) Each pump shall be subjected to perfornganct e s t at t he manu
worksunderas near actual sitonditions as possible.

vi)  Followingtestshallbe carriedout on assembledinits: -
A) Typetest:
a) NPSHtest

b) Temperatureisestest.
c) Undervoltagetest.
d) Qualityassurancerooftest.

e) Tests to establish unit functioning of pump at operating
temperaturandpressure.
f) Hot standstillandstartup tests.

Note = Type test if already done on the same model will not be
repeateddocumentswill be submittedfor reviewandapprovalof the
purchaser.

B) Routinetest:
a) Hydrostatictestof completeunit.
b) Overspeedest.
c) Teststo determineunit characteristics.
d) Pumpperformance.
e) Unitrunatratedvoltage.



f) Startingcurrentatratedvoltage.

g) Coldstartuptest.
h) Enduranceestof motorwindings,joints andterminalseals

i) Noiselevel.
j) Inspectionof dismantledunit.
k) Highvoltagetest.
vii) For heat exchanger for these pumps, butt welds on pressure parts shall be
testedwith RT or UT andall otherweldsshallbetestedwith MPE or DPT.

vii)  Hydraulic test shall be caed out both on tube side as well as shell side at
minimum 1.5 times the design pressure.

1.2.2 Air PreheatersSteamCoil Air PreHeater andruel Oil Heaters
1.2.3.1Air Preheaters

i) Forged shafts for air preheater like stub shaft, main rotor forging, housing hub
shall be subjected to 100% UT at mill and magnetic particle examination after
machining.

i) For normodular design, trial assembly shall be carried out at shop prior to
despatch to site.

iii) Critical welds of rotor post shall be subjected to radiogagkamination.

1.2.3.2Steamcoil air pre-heaterandfuel oil heaters
Hydraulic pressure test shall be carried out on the heating coils. All pipes, valves,
steam traps and mountings shall be subjected to hydraulic test as called for under
IBR, BS or otherapproved codes.

1.2.4 SootBlowers

i) Butt weld between nozzle and lance tube shall be subjected to 100 %
radiographyests.
i) Soot blower shall be subjected to operational checks as below:

a) Smoothoperation

b) Longtubetravel,closingandopeningtime.



c) Currentdrawn.

1.2.5 ID, FD andPA fans

1.2.6

)

i)

ii)

Vi)

Rotor componentshall be subjectedo ultrasonic tesat mill and magnetic
particleexamination/dygenetratiorexaminatiorafterroughmachining.

Butt welds in rotor components shall be subjettetiO0% UT and all welds
shall be subjected to MPE or DPT after stress relieving.

All rotating components of fans shall be dynamically balanced to quality
grade 2.5 of ISO 1940.

Test for natural frequency of all fan components, including fadds shall
be carried out for the fans.

Full range performance test shall be carried out on one fan of each type and
size as per BS 848, P4t

Hydraulic coupling of ID fan shall be checked for string test i.e., operational
check of one fan assembly using hydraulic coupling to check temperature rise,
smooth operation, vibration and noise level. Dry run test shall preferably be
carried out duringtsing test.

CoalMills, PulverisedCoal PipingandBurners

)

ii)

Raw material for shaft, coupling, gears and pinions, top and bottom races and
other rotating components shall be subjected to UT. MPE or DPT shall be
carried out to check surface soundness.

Wearresistant parts shall be subjected to UT or RT to check soundness after
suitable heat treatment. Check for chemical composition and hardness shall
be carried out. For ceramic materials check for various properties including
hardness, density, weeate and composition shall be carried out.

Butt welds in the body casing and separator of the mill shall be tested by RT
and MPE. All other welds shall be tested by MPE or DPT for acceptance.



1.2.7

Vi)

vii)

viii)

All gearboxes shall be run tested for adequatetaurao check rise in oil
temperature, noise level and vibration. Check for leak tightness of gear case
also shall be performed.

Fabricated pipe welds shall be examined by MPE.

Ceramic/ basalt lined piping and bends etc. shall be checked for fappeat.

Weldments on burner components shall be checked with suitable NDT. The
burner assembles shall be tested for operation at shop.

All rotating components of fans shall be dynamically balanced.

CoalFeeders

i)
i)

ii)

Vi)

All welds in the casing and pulley fabrication shall be checked with MPE.

Type tests including degree of protection and routine tests shall be done as
per relevant Indian Standards or equivalent International Standards.

All major items like plate for casings, head pulley, tail pulley, pulley shaft
and major castings shall be procured with respective material test certificates.

Explosion proof test at 50 psi as per NFPA code shall be done as type test.
Leak tightness test shall be done onivitiial feeder casing. Endurance test
for load cell shall be carried out.

Test for weighing accuracy, calibration and repeatability shall be carried out
at various speeds by coal flow on one feeder.

Calibration check shall be carried out on akder cabinet and assemblies
prior to dispatch.



1.2.8 Boiler structureducts,hoppersdampersetc.

)

ii)

Vi)

Only those materials which have been identified against mill sheet or test
certificatesshall be used for construction. Structural steel and built up plate
girders for main boiler shall be fully killed fine grained and normalised. All
plates of tension and compression flanges and connection material and plates
above 40mm thickness shall b@0%6 ultrasonically tested.

Visual inspection of all welds shall be performed in accordance with AWS
D.1.1. Also the butt and fillet welds for built up plate girders shall be
inspected 100% by magnetic particle examination.

RT or UT shall be peormed on all butt welds of thickness 32mm and above.
For thickness below 32mm and upto 25mm, 100% MPE shall be carried out
and for thickness below 25mm 10% MPE or DPT shall be performed. Edge
preparations for field welding shall be examined by MPE foreplaickness
32mm and above. Field welds ends in ceiling girder shall be subjected to
Ultrasonic examination for 100mm depth from the edges.

Ceiling girders, columns, ducts hoppers and tunnels shall be trial assembled
and match marked prior to dispatetection. At least two consecutive girders
alongwith cross member shall be assembled at a time.

Drum sling rods

a) Slingrodsforging shallbe subjectedo ultrasonicexamination.
b) Weldsshallbeexaminedby UT andMPE afterstresgelief.

c) Trial fitment of the rods with the drum shell shall be carried out to
ensur@ropercontact.

d) Screw thread of the rods shall be suitably protected to avoid damage
duringhandlingandtransport.

Dampers
a) All thedampershallbesubjectedo operationatest/checks.

b) Gas tight dampersshall be subjectedto shop leakage test to



c)

demonstratthe guaranteedightness(minimum one damperof each
typeandsizeoffered). In case such type test is already done, the reports
of the same shdik submittedfor review.

All dampersshall be checkedfor sealingdimensionsto establish
guaranteedightness.

1.2.9 Electro StaticPrecipitator{ESPS)

1.2.9.1Discharge and collecting electrodes

i) Work tests for discharge electrodes shall include the following (for the wire
typeelectrodes):

a) Chemicalandtensiletests.
b)  MetallographicexaminatioAlongitudinalandtransvers¢250X)
c)  Surfacefinish andsurfacepurity fromchlorideions.
d) Spring back and surface finish after coiling (applicable to helical
dischargeelectrodes
i) Work testsfor collecting electrodesand rigid dischargeselectrodeshall

includethefollowing:

a)
b)
<)

d)

Chemicalandmechanicaproperties.
Checkfor profile andstraightness.
Checkfor surfacefinish anddimensionakccuracy.

Cuppingtestfor deepdrawnsheets.

1.2.9.2ESPstructure

)] Visual inspectionof all weldsshall be performedin accordancevith AWS
D1.1.
i) Also the butt and fillet welds for built up plates and columns shall be

inspected by 100% MPI.



i) Radiographic examination shall Iperformed on butt welds as per AWS
D1.1. 100% radiography on tension flange (bottom flange) welds and spot
radiography on all joints in compression flange (top flange) of all beams and
columns shall be carried out. The minimum length of welds for spot
radiography and acceptance criterion shall be as per AWS D 1.1.

iv) Edge preparation for field welding shall be examined by MPI.

1.3 STEAM TURBINE GENERATORAND AUXILIARIES

Testing and inspection requirementof major equipmentover and above the
requirement®f respective codes/standamte giverhereunder:

1.3.1 SteamTurbine

1.3.1.1 High pressure (HP) and intermediate pressure (IP) enclosures

The following shall be applicable to high pressure cast steel enclosures (for
examplehigh pressure and intermedigteessure inner and outer cylinders, steam
chests antiners, steaminlet pipes, nozzle boxes):

i)  Test pieces fully representative of the material and condition of the casting
shall be provided to the purchaser to enable the determination of the
properties oimaterial to be used. Casting suppliers should have established
practices to ensunequirement®f creepand rupturefor long exposureof
the componentequipment to high temperatures and pressures. In case of
new or non establisheendors,creepdatashall be madeavailableby the
contractor.

i) Tests shall be carried out on the casting material to establish its mechanical
propertieschemical compositiorgndmicrostructure.

iy Each casting shall be subjected to magnetic particle examination on the entire
innerand outer surfaces after heat treatment.

iv) Each casting shall be subjected to visual examination and dimensional check
before taking up the machiningwork on it. Dimensionalcheck shall be
carriecbut after machininglso.

v) Eachcastingshallbe subjectedo a 100%examinatiorfor internalflaws by
UTor RT methodafter heat treatmeiaind suitablgreparation.

vi) Cast enclosure shall be subjected to a hydraulic pressure test based on
establishefracticeof manufacturer.



1.3.1.2

vii) Excavated area of all the defects shall be subjected to MPE to ensure

excavationup to sound area. All the areas repaired/ upgraded by welding
shall be examineldy UT, RT (to confirm findings of UT wherever required)
and MPE. Sketchesgéports of location of repair and reports of NDT
carried out on repaired areashall be submitted alongwith certificates.
Hardness survey shall be carried outlogrepaired areas.

viii) Wherestub pipesand transition piecesare weldedto the main body of an

Xi)

enclosurghefollowing shall becarried out:
a) RTandMPEor DPT of weld preparations.

b)  MPEof finishedweldsafterstresselieving.

c) RTorUT of finishedwelds.

d) 100%RT or UT andMPE of site weld preparation®n the stubpipes
andransitionpieces before dispatch sde.

e) Hardnesssurveyon the weld joint, heat affected zone (HAZ) and
parentnaterial.

Wall thickness measurement for critical and highly stressed zones of the
castingshallbe carried out by ultrasonioethod.

Colour matching of castings by puttihgo halves together and feeler gauge
tightness check from both sides, i.e. inside and outside to ensure required
contactareaand joint tightness shall lwarried out.

Final dimensional check before dispatching should be carried out. Suitable
arrangemenshould be taken care to avoid any distortion during transit/
transportation.

Low pressurd€LP) enclosurgfabricated)

)

i)
ii)

iv)

Tests shall be carried out on the plate material to establish its mechanical
properties and chemical composition.

Plates usetbr fabrication shall be subject to 100% UT.
Where welds are made by chipping and grinding back to the first side weld
before completing the weld from second side, a magnetic particle or dye

penetrant examination of the chipped area shall be carried out.

Fabricated enclosure shall be subjected to stress relieving as per



manufacturer's standard practice.
v) Dimensional check shall be carried out on the fabricated enclosure.
vi)  The following minimum requirements shall be met for NDT on the welds:

a) Butt welds & full penetration : 10% RT or UT and 10%

welds MPEor DPT (100%)
b) Fillet welds . 10% MPE or DPT
(100%)
c) Nozzlewelds . 10% MPE or DPT
(100%)
d) Lifting lug and other load : 100% MPE or DPT
bearingfillet welds
e) Siteweldedgepreparations . 10% MPE or DPT

vii) Fabricated enclosure shall be subject to hydraulic pressure tests. If it is not
the manufacturerds practice, the just,|
test shall be furnished for purchaser6

viii) Feeler gauge tightness chdolm inside and outside to ensure required joint
tightness shall be carried out.

ixX) Suitable arrangement should be taken care to avoid any distortion during
transit/ transportation.

1.3.1.3 Turbine rotors

1.3.1.3.1Forgings

Rotor forgings (mono block and/ or discs),impulse wheel and nozzle box and
couplingorgings:

i)  Fully representative tangential, radial and axial test pieces shall be provided
ateachend of the body, at each shaft end and from the trepanned core (when
a coras trepanned}o determinemechanical propertiemcluding impact,
Brinell hardness etc. and tests for notch toughness (both transition
temperature and rootemperaturémpact values.

i)  Forging supplier should have established practices to ensure requirements of
creep and rupturtor long exposure of the component to high temperatures
andpressures.

i) Heat treatment shall be carried out in such a way so as to ensure minimum



Vi)

vii)

viii)

residualstresdn therotor. Residuaktress measurementll becarriedout.

Tests shall be carried out ¢ime forging material to establish its mechanical
propertieschemical composition andicro structure.

Thermal stability tests shall be carried out on HP and IP rotor forgings to
ensurehethermal stabilityof therotors inservice andt overspeed.

Ead forging shall be subjected to a 100% ultrasonic examination. Normal
probesand angular probeswith different probe anglesshall be used for
thoroughexaminatiorto ensureeomplete soundness theforging

Each rotor shall be subjecttmla 100% MPE after final machining on journal
areas and before gashing on other areas.

When a rotor forging is bored, a visual check and magnetic particle
examinatiorof the bore shall be carriexlt.

Following testsshallbe carriedout ontherotor welds:

a) Ultrasonicexaminationwith normal and angularprobesof the weld
toensurecompletecoverageandfreedomfrom harmful defects.

b)  Runoutof rotor beforeandafterwelding.
c) MPEonfinish welds.

d) Hardnessurveyonthewelds.

e) Stresgelieveannealing.

f)  Testreportsof filler materialused.

g) Dimensionakecordof weld preparation.

Dimensionalexaminationof the rotor blade groovesand other important
dimensions shall be carried out to ensure the conformance to drawing

dimensionsand log sheets/recordshall be preparedfor all important
dimensions.

1.3.1.3.Zompleterotors

)

Axial & radial run-outs and surface finish checks shall be carried out before
and after blading and after overspdedts. Run out examination shall be
carried out at blade shrouds also.



i)  Check shall be carried out for clearance between rotor groove and blade at
the root.

iii)  Rotors shall be dynamically balanced at rated speed.

iv)  An overspeed test shall be gad out during which the rotor shall withstand
an overspeed of 120% for five continuous minutes or 125% for two
continuous minutes. I f bidderbés pract.
then the same shalll be f ur novessheedd f or
test, vibration measurement and analysis shall also be carried out.

v)  After blading and again after overspeed testing, rotor stages with blades over
225 mm of active length are to be subject to standing vibration tests to
determine natural frpiencies in various vibration modes to ensure that the
ranges are outside operating frequencies.

vi) In case impulse stage and or blade discs are fitted on the rotor, fit up between
such disc and rotor shall be checked up before and after overspeed test.

vii) Lock blade lift after the overspeed test shall be checked and record for same
shall be maintained.

1.3.1.4 Statorandrotor bladesandshroudbands

)] Fully representative test pieces shall be provitedenable mechanical
properties of the material to be determined. In case of blades machined from
bar stock, mechanical tests shall be carried out on the hardest and softest
specimens of each heat treatment batch. Hardness test will be carried out on
100%basis.



ii)

Vi)

vii)

viii)

Tests shall be carried out on the materials to establish its mechanical
properties, chemical composition and micro structure.

Each bar stock for machining blades and forging shall be subjected to 100%
ultrasonic examination.

When erosion shielded, the erosion shield and blade joint shall be
radiographed.

Dye penetrant test shall be made on the erosion shield and blade joint in
manufacture prior to fitting to the wheel and after overspeed tests.

Magnetic particle examination oryel penetrant test (when MPE is not
applicable) shall be carried out on finish machined blade profile, roots and
shrouds.

All moving blades of over 225mm active length are to be moment weighed
and assembled on shaft in a prescribed sequence to ensunenopitancing
of rotor.

Natural frequencies of the LP turbine blades shall be determined before
mounting on rotors to ensure that the same are outside operating frequency
range.

Shroud bands after punching and after rivetting shall be subjected to 100%
DPT to ensure freedom from harmful surface defects.

In case of cast blades, following testing shall be done:

a) Chemical analysis and mechanical testing per heat/heat treatment batch.

b) MPE on rough machined and finish machined blade.

c) RT on blades.

d) Beforestarting mass productions, following technological tests shall be
carried out on the first lot of 10 to 15 blades:

1 100%RT and100%MPE onblades
1 100% hardness testing.
1 Mechanical testing and metallurgical testing.



1 Weld repair shall not be permitted.

1.3.1.5 Diaphragms

)

ii)

Welded and fabricated diaphragms

a)

b)

Concentricity checks shall be carried out on final machined diaphragms
to ensurdahatthereareno negativeoverlapshetweerguideandmoving
blades.

10% UT and 100% MPE shall be carried onffinished, stress relieved
and machined welds. For inaccessible areas, DPT shall be carried out in
place of MPE.

Cast, forged and machined diaphragms

a)

b)

Tests shall be conducted to determine mechanical properties together
with chemical analysis, mdlagraphic/ metallurgical examination, and
required heat treatment.

Concentricity, flatness, blade drop and area checks shall be carried out
on finally machined diaphragms to ensure that there are no negative
overlaps between guide and moving blades amtvyel.

100% ultrasonic examination shall be carried out on diaphragm
materials. Blade junction areas with the side walls shall be checked by
MPE or DPT.

Colour matching of all the diaphragms by putting two halves together and
feeler gauge tightnesheck shall be carried out.

1.3.1.6 Exhaust hood

All castings shall be subjected to chemical and mechanical tests as per relevant
materiabtandards.In case of fabricated construction of exhausthood, butt

welds shall besubjectedto 10% RT and 100% DPT. Exhaust hood shall be
pressure tested. No repafrwelding shall be carried out on cast iron castings. Blue
matching shall be carried oah exhaust hood parting planes.

1.3.1.7 Stop, control and bypass valves, actuators/ sertors andteam strainers

1)

Test pieces shall be provided to enable the determination of mechanical

properties of valve bodies, bonnets, valve disc and seat, and valve spindle.
Casting suppliers should have established practices to ensure requirements of

creep ad rupture for long exposure of the component/ equipment to high
temperatures and pressures.



ii)

Vi)

vii)

viii)

Xi)

xii)

Tests shall be carried out on the materials to establish their mechanical
properties, and chemical compositions.

Dye penetrant tests shall be carried ontstellited and nitrided areas of
components and on stellite components in the finish ground or honed
condition.

Hardness check shall be carried out to ensure required hardness.

Valve body and bonnet castings or forgings shall be subjecte@% R0J or
100% UT. Body and bonnet shall also be subjected to 100% MPE on entire
surface.

All pressure containing welds in body and bonnet shall be subjected to 100%
RT or UT and 100% MPE.

Wall thickness of the body and bonnet after finish maokinshall be
measured by ultrasonic method and valve seat bore shall be checked for size
and concentricity.

Dimensions of valve spindle shall be measured and valve lift shall be checked.

Bar stock of 50 mm and above size for valve stem shalubgected to UT,
and finish machined stem shall be subjected to MPE or DPT.

Each valve body and bonnet shall be hydraulically tested at minimum 1.5
times the maximum working pressure after applying temperature corrections
for minimum 30 minutes.

All the actuating cylinders and servomotors shall be performance tested.

Performance testing shall be carried out on valve operators and actuators to
check functional requirements like trip closing and opening time, valve lift
and hysterisis.



1.3.1.8

1.3.1.9

xiii) Colour matching of the valve disc and seat to ensure the required contact area

is to be carried out.

Cast and forged steel components (such as LP easingse of cast design, inlet,
extraction and exhaust connections, shaft seal covers and rings, ayosieait,
breach nut, threaded ring, angle ringrikly, servomotor parts such as body, piston,
cover, yokes; turning gear casing and other items which are not specifically covered
elsewhere)

)

ii)

Results of tests conducted to determine mechanical prapectiemical
analysis, metallurgical/ metallographic examination, and heat treatment
procedures recommended and actually followed shall be recorded on
certificates.

Each pressure containing enclosure shall be subjected to a hydraulic pressure
test at 15 times the design pressure and after applying temperature
corrections.

All castings and forgings shall be subject to suitable -ahestructive
examination by RT or UT and MPE or DPT methods to ensure freedom from
harmful defects in line with clauge3.1.1.

Bolts and nuts for pressure retaining enclosures and rotor couplings

)

i)

ii)

Bar stock for bolts shall be subject to 100% UT.

Finish machined bolts shall be subject to preferably 100% MPE to detect
surface defects. However, DPT can also be domaice of MPE.

Coupling bolts and nuts shall be suitably identified after weight control
checks.



1.3.1.10Governing and protection system equipment (such as elegtiraulic controller,
hydraulic amplifier, hydraulic controller, electtydraulic convertors, hydraulic
convertors, hydraulic speed governor, trip devices etc.)

1)  All pressurgetainingpartsshallbe subjectedo hydraulictesting.

i)  All the major castings and forgings shall be subjedtedsuitable NDT
methods depending upon their application and criticality to ensure the
freedom from harmful defects.

iii)  All the main assemblies and sabsemblies shall be subjected to functional
test.

iv)  All butt welds shall be subjected to minimd®% RT or UT and all fillet and
corner welds shall be subjected to MPE or DPT.

v) All control equipment shall be subjected to rig testing, if it is not possible to
test it on the steam turbine light run. The purpose of rig testing shall be as far
as pradtal to prove that the functioning of the control equipment is in
accordance with the approved design.

vi) Nitrided and stellited components shall be subject to DPT and hardness check.

1.3.1.11 Inspection of completed turbine

i)  HP and IP turbines

The steam turbine shall be assembl ed i
extentthat a thoroughinspectioncan be carried out. The purposeof this

inspection shall be to ensure that the fit between mating components is correct
andthatall clearancesre in accordancevith the designrequirementThe

following minimum checks/ measurements shall be carried out on the
assembledurbine:

a) Checkand measuremenodf clearancebetweenshaft seal casingand
shafsealring.



b) Check and measurementadarance in antirotational device in shaft
seal casing joint.

c) Check and measurement of axial and radial alignments of inner and
outer casings.

d) Check and measurement for radial and axial blade clearances in blading
section.

e) Check and measuremt for axial and radial clearances in shaft seal.

f)  Check and measurement for tightness and elongation of horizontal joint
inner casing bolts.

g) Check and measurement of minimum axial clearances and minimum
radial clearances in completely assembledrst turbine.

h)  Check for alignment of overspeed governor.

i)  Check for axial distances for shroud bands for casings.

j)  No load running test on the steam turbine including functional tests for
steam turbine control and emergency control equipments.

k) Pre dispatch inspections including clearance check for transportation
device.

LP Turbines

For the LP turbine, the following minimum checks/measurementshall be
carriedouton theassembled turbinat the manufacturensorks:

a)

Check andmeasurement of axial and radial alignments of inner and
outer casings.



1.3.2
1.3.2.1

b)

f)

Check and measurement for radial and axial blade clearance in blading
section.

Check and measurement of minimum axial clearances and minimum
radial clearances in completedlgsembled steam turbine.

Check and measurement for alignment of stationary blade carriers.

No load running test on the steam turbine including functional tests for
steam turbine control and emergency control equipments.

Pre dispatch inspectianincluding clearance check for transportation
device.

iii)  No load running tests on complete steam turbine shall be carried out as per
manufacturerodéds standard practice.

Integral Auxiliaries of Steam Turbine

Bearing pedestals, housings and bearings

i) Leakage test shall be conducted on pedestals. For fabricated pedestals and
housing, 10% weld shall be checked after stress relieving by magnetic particle
test and minimum 10% of the butt welds shall be checked by RT or UT.

i)  Bearing shell

a)

The shell shall be subjected to suitable non destructive examination like
RT or UT and/or MPE as applicable.



b)

d)

f)

Colour matching of the shell by putting two halves together and feeler
gauge tightness checks from inside and outside to ensureegtqu
contact area and joint tightness shall be carried out.

The shell shall be subjected to hydraulic pressure test.

Chemical analysis of white metal shall be carried out. The effectiveness
of the white metal adhesion shall be checked by UT or @ijperoved
method, and the exposed edges of the white metal shall be subject to
DPT.

Hydraulic test shall be carried out for bearing oil inlet piping and
jacking oil piping.

Alignment check shall be made for bearing in bearing pedestal.

1.3.2.2 Cross aroud pipes

1.3.2.3

i)  Weld edge preparation of shop and site welds shall be checked by 100% MPE.

i) All butt welds shall be subjected to 100% RT.

iii)  100% MPE shall be carried out on all welds.

iv)  Checkfor dimensions and visual inspection shall be carried out on finished
pipes.

Lubricating oil, jacking oil and control oil systems

i)  Pumps

a)

Main oil pump shaft shall be subjected to ultrasonic examination. Butt
welds shall be subjected to RT or UT.



b)

d)

Pump impeller shall be subjected to suitable NDT method like MPE or
DPT for surface defect examination. Impeller of main oil pumps shall
also be subjected to an overspeed test at 120% of rated speed for 5
minutes.

Pump casing shall be subjectechydraulic pressure test at 2 times the
working pressure or 1.5 times the pump shut off head whichever is
higher.

Rotor assemblies shall be dynamically balanced.

Al l pumps shall be performance test

Test shall inclde check for vibration and noise levels also.

Coolers and lubricating oil tanks

a)

b)

d)

All raw materials used shall have-oelated mill test certificate meeting
mandatory and supplementary checks of material specification.

Material for tube plates sli be ultrasonically tested. Drilled tube plates
shall be checked for ovality of holes, ligaments, surface finish etc.

Dished ends shall be subjected to 100% MPE and RT or UT on welded
joints. Knuckle portion shall be checked by MPE for surface defeut
thinning shall be checked by UT.

Butt welds and full penetration welds shall be checked by suitable RT
or UT. Fillet welds shall be checked by MPE or DPT.

Tubes shall be tested as per the relevant codes or standards.

Before tubes expansioin the tube sheets, the mockup test for
expansions shall be carried out, in case not done earlier. Torque setting
of expander shall be based on mock up tests. Joints shall be checked for
tube thinning.



g Completed assemblies shall be pressure testeel.tvin oil coolers
shall be tested on both tube side and shell side. After hydrotest, the
coolers shall be suitably dried.

h)  Atmospheric tanks shall be tested for leakage by water fill test for atleast
12 hrs.

iii)  Oil purifiers

a) All pressure partshall be subjected to hydraulic pressure test.

b) Components/ parts of the equipment shall be subjected to suitable NDT
depending upon the criticality of the application to ensure freedom from
surface and suburface defects.

c) Allrotating parts like bwl assembly etc. shall be subjected to static and
dynamic balancing test.

d The complete purifier shall be tes
capacity, mechanical running, sequential operation and interlocks,
moisture content, vapour tightness, vibraticnoise level, quality
improvements etc. Sample shall be drawn from inlet and outlet of
purifier after works test and shall be tested for moisture content,
chemical tests and particle size of impurities. . In case, type test has
already been carried ouy bhe contractor for the offered model of the
centrifuge, the test shall not be repeated and certificates of test carried
out earlier shall be furnished for review of the purchaser. The validity
of the type test carried out earlier shall be limited te (&) years.

1.3.3 Steam Condenser

1.3.3.1Condenser

) Tests shall be carried out on the materials of plates, tubes and nozzles etc.
to establish their mechanical properties, and chemical compositions.



ii)

Vi)

vii)

viii)

Xi)

xii)

Plates shall be subject to 100% ultrasonic testing.

Tubes shall be subject to dimensional check, 100% eddy current test and
100% hydraulic test. In place of hydraulic test, air under water or Helium
leak detection test can also be carried out.

Forgings of the nozzles shall be subject to 100% Wrif®v% MPE.

All welds shall be visually examined. Radiographic examination of 10% of
butt welds (including Jjoints) shall be carried out. However, for vacuum
containing welds, RT on atleast 10% of each butt weld shall be carried out.
Surface defect emination by MPE or equivalent test method shall be
carried out for minimum 10% weldments. Nozzle welds shall be subject to
100% MPE or DPT. These shall apply to site welds also.

All edge preparations shall be examined for surface defects. Edge
prepaation for welds to be carried out at site shall be checked by magnetic
particle examination method before dispatch.

In case of fabricated flanges, welds shall be checked by 100% RT or UT
and 100% MPE to ensure freedom from internal and surface defects.

To ensure dimensional control of condenser, parts/ sub assemblies shall be
trial assembled at shop. Trial insertion of a few tubes through main tube
plates and support plates shall be carried out to ensure alignment of tube
plates and proper fitting and nohtng of parts and suhssemblies.

Dimensional check including tube hole diameter, ligament pitch etc. shall
be carriedout.

Mock-up test for tube to tube sheet expansion shall be carried out. In case
such atest is already conducted for similar tubdiddisheet thickness and
materialsrecordfor thesameshallbefurnishedf or p u meviemarsde r 6 s
approval.

Tube to tube sheet weld joints shall be subject to 100% DP test.

Water fill test on shell side of condenser shallcheried outNo leakage
shallbe permitted.



xii)  Water fill test of standpipe, Flash tank etc. shaltdeied outNo leakage
shallbe permitted.

Xiv)

Hydraulic test of tube side of condenser shalchgied out.No leakage

shallbe permitted.

xv)  All compensatingpads(RF padskhall ke pneumatically tested.

1.3.3.2Spring assembly

)] Static load testing of the springs shall be carried out and spring
characteristics shall be drawn and verified.

i) Surface defect test shall be carried out on all the springs after coiling and
heat treement.

1.3.3.3Condenser air evacuation system

i)  Vacuum pumps

a)

b)

d)

Tests shall be carried out on the materials of Head, Body,
Rotor/Impeller, Shaft and Bearing Housing etc. dstablishtheir
mechanicaproperties, andhemicalcompositions.

Vacuumpump shafts shall be subject to ultrasonic test. After finish
machining, shaft shall be subject to 100% MPE or DPT.

Pump casings and impellers shall be subject to MPE or DPT. Finished
pump rotor shall be subject to dynamic balancing.

Pump casingshall be subjected to hydraulic test at 1.5 times the shut
off pressure or twice the maximum operating pressure, whichever is
higher.

The heat exchangers shall be tested on both tube side andideell
After hydrotest,the heatexchangershallbe suitably dried.



ff Each pump shall be tested at suppli
conditions to demonstrate successful operation and performance in
accordance with the design requirements. Visual cavitation test shall
also be carried oub demonstrate that pump shall be operating under
all operating condition including blank off condition without any
cavitation.

i)  The complete package shall be subjected to hydraulic pressure and leakage
test and shop tested to check interlocks andtfomal requirements. The one
complete unit shall also be subjected to demonstrate successful operation and
performance testing, with saturated air conditions at condenser design
vacuum point as well as vacuum pump design point with total minimum three
points. The test shall be conducted with the respective motors to be supplied.
The test shall include check for vibration and noise level also.

1.3.4 Feed water heaters, drain coolers, gland steam condenser and deaerator

1.3.4.1Heaters, drain coolers and glandastecondensers

i)  Tests shall be carried out on the materials of forgings, plates and tubes etc. to
establish their mechanical properties, and chemical compositions.

i)  Platesshallbesubjectto 100%ultrasonictesting.

iii) Nozzle forgings shall be subject wuitable heat treatment and 100%
ultrasonic testing and 100% MPE.

iv)  Tubes (Utubes)

a) a) Tubes shall be subject to dimensional chiexk U-bending (bend
radius & Mockup), Check for flatness, Min. thickness at minimum radius
of bend for each thickness

b) 100% eddy current test shall be carried out for tube thickness < 3.6 mm
and 100% UT for tube thickness O 3.¢

c) Tubes shall be subject to 100% hydraulic test.

d) Heat treatment after cold bending, hénd thickness check, Haxekss after
bending check.



Vi)

f)

9)

Check for Residual Chloride contamination on inside & outside of the
tube.

Flattening and flaring tests, IGC (Practieg microstructure, residual
stress measurement shall also be carriedfautthe tubes as per
applicable codes.

Before tubes expansion in the tube sheets, the mockup test for
expansions shall be carried out. Torque setting of expander shall be
based on mock up tests. Joints shall be checked for tube thinning. Also,
tube totube sheet welding qualification tests (mock up) to check leak
path.

Tube sheets

a)

b)

d)

Tube sheets shall be subject to visual examination and dimensional
check.

Impact test shall be carried out for the plate materials. Mechanical
Properties of hedteated test coupon.

100% UT and 100% DP test shall be carried out after overlay and
machining. In case overlay is not applicable, only 100% UT shall be
carried out.

For cladded plates, bonding shall be checked by UT. Drilled tube plates
shall be becked for ovality of holes, ligaments, surface finish etc.

Tube to tube sheet weld joints shall be subject to 100% DP test. These
joints shall also be subject to air test.

Shell, dished ends and hemi heads

a)

Impact test shall be carried dot the plate materials.



vii)

viii)

b) 100% UT shall be carried out on the finished and formed dished ends
and hemi heads.

c) Dished ends shall be subject to dimensional check after dishing.

d) Knuckle portion shall be checked by 100% MPE or DPT for surface
defect and check for thinning shall be carried out by UT.

e) Testing of production test coupons as applicable.

Welding

a) Root run of butt welds shall be examined by 100% DPT or MPE.

b) Butt welded and full penetration joints and nozzle welds shall be
checked by 100% RT or UT and 100% MPE or DPT.

c) Fillet welds shall be checked by 100% MPE or DPT.

d) All weldments shall be given suitable heat treatment.

Visual check and dimensional measurement shall be carriedrodhe
completed equipment. All compensatingpads (RF pads) shall be
pneumatically tested.

Completed assembly shall be pressure tested with wefkiitg using
hydraulic and pneumatic method. The heat exchangers shall be tested on both
tube side andhell side. After hydro test, the heat exchangers shall be suitably
dried and nitrogen capped.

1.3.4.2Deaerator

)

i)

Tests shall be carried out on the materials of forgings, plates and tubes etc. to
establish their mechanical properties, and chemical ositipns.

Platesshallbe subjectto 100%ultrasonictesting.



ii)

Vi)

vii)

viii)

Forgings shall be subject to suitable heat treatment and 100% ultrasonic
testing and 100% MPE.

Shell and dished ends

a) Impact test shall be carried out for the plate materials.

b) 100% UT shall be carried out on the finished/ formed plates.

c) Dished ends shall be subject to dimensional check after dishing.

d) Knuckle portion shall be checked by 100% MPE or DP test for surface
defects and check for thinning shall be carried guub.

e) Testing of production test coupons as applicable.

Welding

a) Root run of the butt welds shall be examined by 100% DPT or MPE.

b) Butt welded and full penetration joints and nozzle welds shall be
checked by 100% RT or UT and 100% MPEDH®T.

c) Fillet welds shall be checked by 100% MPE or DPT.

Visual check and dimensional measurement shall be carried out on the
completed equipment.

Completed assembly shall be pressure tested with wefkiity using
hydraulic method. Aftehydrotest,sameshallbe suitablydried.

All weldmentsshallbegivensuitableheattreatment.



1.3.5

iX)

All compensatingpads(RF padskhall be pneumatically tested

1.3.4.3Valves on heaters and deaerator

ii)

Vi)

Tests shall be carried out on the materials of forgipigées and tubes etc. to
establish their mechanical properties, and chemical compositions.

100% RT or UT shall be carried out on bodies, bonnets, nozzles and stem of
valves of HP heaters.

100% DPT or MPE shall be carried out on machined surfafcesive body,
bonnet, stem, disc and springs.

Valve body shall be subject to hydraulic testing.

Valve seat shall be subject to hydro leak test as per ANSI 16.34.

Visual check and dimensional measurement shall be carried out on the
completed valve assembly.

Boiler Feed Pumps

1.3.5.1Main pump

)

Tests shall be carried out on the materials on various components to establish
their mechanical properties and chemical comjosi Further, heat
treatment shall be given as required.

100% UT shall be carried out on barrel casing, casing cover, suction &
discharge branches, shatft, ring sections, and wearing rings.

100% RT shall be carried out on suction branch, impe#iad diffusers.

100% MPE shall be carried out on barrel casing, casing cover, suction &
discharge branches, gland housing, shaft, diffusers, balancing drum and
spring disc.



Vi)

vii)

viii)

100% DPT shall be carried out on welds and overlay preparation on barrel
casing, and machined components after final machining.

Hydraulic test shall be carried out on barrel casing, discharge cover, and
suction and discharge branches.

Individual impellers and completed rotor assembly shall be subject to
dynamic balacing test. Rotor assembly shall be subject to run out test also.

Hardness test shall be carried out on wearing rings.

Visual check and dimensional measurement shall be carried out for all the
components and completely assembled pump.

Finaltests

a)

b)

d)

Performance testing shall be carried out as per Hydraulic Institute
Standards (HIS) on each pump to determine its characteristic curve at
design speed and to ensure compliance with design requirements. Tests
shall be carried out with loop wateat specified design temperature.
Soften quality water shall be used for the performance testing.

Vibration on all pumps shall be measured in transverse, horizontal and
vertical direction at all measuring points.

Noise Level on each pump shall beasered at a distance of 1.5 m
above floor level in elevation and 1 m horizontally from the nearest
surface of the equipment as per HIS. The measurement shall be taken at
six points around the equipment for each flow condition.

Type tests

A NPSH (R) tesshall be carried out on one pump using cold water at



pump flows of 25%, 50%, 80%, 100% and 125% of design flow at
design speed. This shall be preferably done at 1% and 3% head break
by suction throttling procedure.In case, NPSH (R) test has
alreadyeencarried out by the contractor for the offered frame of
BFP, the testhall not be repeated and certificates of test carried out
earlier shall bdurnished for review of the purchaser. The validity

of the type testarriedout earlier shalbe limited tofive (5)years.

A Pressure pulsation and axial thrust measurement shall be carried out
onone boiler feed pump at all measuring points. Pressure pulsation
shallbe measuredt suctionaswell asat dischargen the operating
range.

A Thermal shock test shall be carried out on one pump with
measurementtakenon all critical areassuchas barrel, discharge
branch,casing cover, casing covsiud.

A Dry running withstand capability shall be demonstrated and
establishedn one pump. The pump shall be capablaafepting
complete loss ofvater and must be capable of being shut down in a
controlled manneand brought down to rest after being tripped
from design conditiorwith simultaneous closure sfuction valve.
Coasting down time check to be done.

A Visual cavitation test on one first stage production impeller shall be
carried out to demonstrate absence of cavitation at design speed in
coldwater. The test shall establish the cavitation characteristic to
confirm that the cavity length under dynamical scaled site
conditions corresponding to design point shall not exceed an
acceptable size. Thigst shall be carried out at 25%, 50%, 80%,
100% and 125% of desidlow.

fy  Strip down test

Complete strip down of one feed pump which undergoes NPSH test,
dry run test, thermal shock test etc. shall be done after completion of
all thetests on it. The strip down shall check for the condition of thrust
bearingand journal bearing,and problemssuchasinternal rubbing
damagegexcessive wear on the componeritsr other feed pumps,
strip downexaminationshall be restrictedto inspectionof bearings
only. However,if excessivevibration, high noise, high bearing
temperatureetc. is observed during performance test of any feed
pump, complete strip dowshallbedonefor such pumpslso.

Note: Testedoumpparametershallbewithin following tolerances.



At designhead : + 10% of designcapacity

At designcapacity + 5% of designhead(for < 152.4m)
+ 3% of designhead(for 0152.4m)

The results othe performance test must show no minus tolerance with
regard to flow and head. No minus tolerance on efficiency or positive
toleranceon powerinputat motor terminalshallbe allowed.

1.3.5.2Booster pump

Vi)

vii)

viii)

Tests shall be carried out on the matewalsarious components to establish
their mechanical properties and chemical composition. Further, heat
treatment shall be given as required.

100% UT shall be carried out on shaft and wearing rings.

100% MPE shall be carried out on casing, ingrednd seal cooling jacket.

100% DPT test shall be carried out on machined components after final
machining.

Hydraulic test shall be carried oom pump casing at 1.5 times the shut off
pressure or 2 times the working pressure whichever is higher.

Impeller and completed rotor assembly shall be subject to dynamic balancing
test. Rotor assembly shall be subject to run out test also.

Visud check and dimensional measurement shall be carried out for all the
components and completely assembled pump.

Final tests

a) Performance testing shall be carried out as per Hydraulic Institute
Standards (HIS) on each pump to determine its chaistatecurve at
design speed and to ensure compliance with design requirements. Tests



shall be carried out with loop water at specified design temperature.
Soften quality water shall be used for the performance testing.

b) Vibration on all pumps shall heeasured in transverse, horizontal and
vertical direction at all measuring points.

c) Noise Level on each pump shall be measured at a distance of 1.5 m
above floor level in elevation and 1 m horizontally from the nearest
surface of the equipment as per HT8e measurement shall be taken at
six points around the equipment for each flow condition.

d) Type tests

A NPSH (R) test shall be carried out on one pump using cold water at
pump flows of 25%, 50%, 80%, 100% and 125% of design flow at
design speed. Th#hall be preferably done at 1% and 3% head break
by suction throttling procedure.In case, NPSH (R) test has
alreadypeen carried out by the contractor for the offered frame of
boosterpump, the test shall not be repeated and certificates of test
carriedout earlier shall be furnishedfor review of the purchaser.

The validity ofthetypetest carriedut earliershallbe limitedto five
(5) years.

A Dry run withstand capability shall be demonstrated and established
ononepump.

g) After performance testinghrust bearing and journal bearing shall be
subject to visual check.

Note: Tested pump parameters shall be within following
tolerances.

At designhead : + 10% of designcapacity

At designcapacity X + 5% of designhead(for < 152.4m)

+ 3% of designhead(for 0152.4m)

The results of the performance test must show no minus tolerance with
regard to flow and head. No minus tolerance on efficiency or positive
toleranceon powerinputat motor terminalshallbe allowed.

1.3.5.3Gear box anthydraulic coupling



Vi)

Tests shall be carried out on the materials on various components to establish
their mechanical properties and chemical composition. Further, heat
treatment shall be given to the internal components as required.

Internal componats such as gears, pinions, wheels and shafts shall be
examined by 100% UT and 100% DPT or 100% MPE.

Leak test shall be carried out for the casing.

Dynamic balancing test shall be carried out for the assembled rotating
component.

Full load peed and back to back locked rotor torque test shall be carried out
on one gear box.

Visual check and dimensional measurement shall be carried out for the
completely assembled equipment.

1.3.5.4Strainers

)

Tests shall be carried out on the matsra@l various components to establish
their mechanical properties and chemical composition.

In case of fabricated construction, the welds shall be examined for surface
defects by 100% DPT.

The strainer body shall be subject to hydraulic test.

Pressure drop test shall be carried out for each type and size of the strainer
assembly.

1.3.5.5BFP drive turbine and associated equipment

The QA requirements for BFP drive turbine and associated auxiliaries shall be same



asthose applicable for maisteam turbine and its auxiliaries described at clause
1.3.1 ofthis Section.

1.3.6 Condensate Extraction Pumps (CEPSs)

1.3.6.1Pump

Vi)

vii)

viii)

iX)

Tests shall be carried out on the materials on various components to establish
their mechanical properties and chemicamposition. Further, heat
treatment shall be carried out for materials of shaft and rotor.

100% UT shall be carried out on pump shaft.

10% RT shall be carried out for butt welds on fabricated components of
thickness more than 10 mm.

100%MPE shall be carried out on pump shatft.

100% DPT shall be carried out on welds on casing, suction bell, shaft,
impeller and fabricated components.

Hydraulic test shall be carried out on casing and pressure containing
fabricated parts at 1.5 times the pump shut off pressure or 2 times the
working pressure whichever is higher.

Individual impellers and completed rotor assembly shall be subject to
dynamic falancing test. Rotor assembly shall be subject to run out test also.

Visual check and dimensional measurement shall be carried out for all the
components and completely assembled pump.

Final tests

a) Performanceaesting shall be carried out as pe Hydraulic Institute
StandardgHIS) on each pumgo determineits characteristicurve at
design speed and to ensure compliance with design requirements. Tests
shallbe carriecbut using coldsoften qualitywater.



b)  Vibration on all pumps shall bmeasured in transverse, horizontal and
verticaldirection at alimeasuring points.

c) Noise Level on each pump shall be measured at a distance of 1.5 m
abovefloor level in elevation and 1 m horizontally from the nearest
surface of thequipment as per HIShe measurement shall be taken at
six points arounthe equipment for each flow condition.

d) NPSHtest

NPSH (R) test shall be carried out on one pump using cold water at
pump flows of 25%, 50%, 80%, 100% and 125% of design flow at
design speed-his shallbe preferablydoneat 1 % and3% headbreak.

In case,NPSH

(R) test has already been carried out by the contractor for the offered
frameof CEP, the test shall not be repeated and certificates of test
carried outearlier shall be furnished for review thfe purchaser. The
validity of thetype test carriedout earliershall be limitedto five (5)
years.

e) Stripdowntest

Complete strip down of one pump which undergoes NPSH test shall be
done after completion of all the tests on it. The strip down shatkche
for the condition of bearings and problems such as internal rubbing,
excessivewear. For other pumps, strip down shallbe restrictedto
inspectionofbearings only. However, if excessive vibration, high noise
etc. is observeduring performanceestof any pump, completestrip

down shall be dondor such pumps also.

Note: Testedpumpparametershallbewithin following tolerances.
At designhead : + 10% of designcapacity

At designcapacity : + 5% of designhead(for < 152.4m)
+ 3% of designhead(for O152.4m)

The results of the performance test must show no minus tolerance with
regard to flow and head. No minus tolerance on efficiency or positive
toleranceon powerinput atmotorterminalsshall beallowed.

1.3.6.2 Strainers



The QA requirementsfor strainersat suction of the CEPs shall be sameas
thoseapplicablefor BFP strainerslescribed at clause 1.3.2#this Section



1.3.7 Condensate Polishing Unit (CPU)

1.3.7.1CPU service vessels

Vi)

Tests shall be carried out on the materials of the vessels, internals and rubber
used for lining to establish their mechanical properties, and chemical
compositions. Heat treatment as required shall be done as per ASME code.

Plates shall be subject 1©0% ultrasonic testing.

Impact test shall be carried out for the plate materials.

100% UT shall be carried out on the finished and formed dished ends and
hemi heads. Knuckl@ortion shall be checkedby 100% MPE or DP test
for surfacelefectsand checKor thinningshallbe carriecbut byUT.

Welding

a) Root run of butt welds shall be examined by 100% DPT or MPE.

b) Butt welds full penetration joints and nozzle welds shall be checked by
100% RT and 100% MPE or DPT.

c) Fillet welds shalbe checked by 100% MPE or DPT.

Rubber lining shall be subjected to following tests as pet6l&2 partl or
acceptable equivalent:

a) Tensile & Elongation, Specific Gravity, Ash content

b) Adhesion test

c) Measurement of thickness



vii)

viii)

iX)

d) Shorehardness test

e) Visual examination and spark test at 5 kV/mm of thickness

f)  Bleeding resistance test with keeping the sample in 33% HCI, 48%
NaOH and DM water for 72 hours.

g) Ozone resistance test: (50 PPHM) / 40° C / 20 % Strain /70 Hrs

h)  WaterAbsorption Test, After ageing test & Compression Set test

Visual check and dimensional measurement shall be carried out on the
completed equipment.

Internals of the vessel shall be subject to dimensional check and applicable
tests as per relant codes.

The fabricated vessel shall be hydraulically tested at 1.5 times the working
pressure before the rubber lining and at the working pressure after the rubber
lining.

1.3.7.2Acid/ alkali handling tanks

)

ii)

Tests shall be carried out on theterals of the tanks to establish their
mechanical properties, and chemical compositions

Plates shall be subject to 100% ultrasonic testing.

Welding

a) Root run of butt welds shall be examined by 100% DPT or MPE.

b) Butt welds, full penetration joints and nozzle welds shall be checked by
100% RT and 100% MPE or DPT.



c) Fillet welds shall be checked by 100% MPE or DPT.

iv)  Rubber lining shall be subject to relevant tests as described for CPU vessels.

v)  Visual checkand dimensional measurement shall be carried out on the
completed equipment.

vi) The fabricated tank shall be subject to water fill test to check for the leakage.

1.3.7.3Dosing pumps/ metering pumps

i)  Tests shall be carried out on the materials ef ghhmps to establish their
properties, and chemical compositions

i)  Pump casings shall be subject to hydraulic test at 1.5 times the shut off
pressure or 2 times the working pressure whichever is higher.

i) 100% DPT or MPE shall be carried out for the gcset, shaft and machined
surfaces ofcasingand impellers. UT on screw set, shaft (diameter greater
than or equal to 50mm),

iv)  Safety relief valve setting to be checked

v)  Pumps shall be performance tested as per HIS, USA.

1.3.7.4Horizontal centrifugapumps

The QA requirementsfor horizontal centrifugal pumpsshall be as per clause
1.4.12.2f this Section.

1.3.7.5Rotary blowers

i)  Tests shall be carried oah the materials of the rotary blowers to establish
their properties, and chemical compositions.

i)  100% DPT or MPE shall be carried out for the rotor and machined surfaces
of casing and impellers. UT on shaft (diameter greater than or equal to 50mm.



i)  The shaft and impellers shall be dynamically balanced.

Iv)  Assembly fit up check, and dimensional check shall be carried out for the
completed blower assembly.

- The blower casing shall be subject to hydraulic test at 1.5 times the shut
off pressure or 2 times the working pressure whichever is higher.

v)  The blowers shall be performance tested as per relevant code/ standard for
Free Air Delivery, Head, Power, fifiency, Speed including Discharge
Pressure and Temperature. The test ghalude check for vibrationand
noise level also.

1.3.7.6Valves

The QA requirementdor high pressurevalvessuchas for servicevesselsshall
be agoer clause 1.4.2 of thiSection. The QA requirements for other valves shall
be as peclausel.4.6.20f this Section.

1.3.8 Condenser Othine Tube Cleaning System

1.3.8.1Ball recirculation pump

i)  All rotating parts shall be dynamically balanced.

i) Pump casing shall be subjed to hydraulic test at 1.5 times the shut off head
or twice the maximum working pressure whichever is higher.

iii) Complete pump assembly shall be subjected to shop performance test at

supplierds wor ks.

1.3.8.2Ball sorter/ fabricated body (housing)

i) Inthe case of fabricated design, all butt welds shall be subject to 10% RT or
UT. All welds shall also be subjected to 10% MPE to ensure freedom from
surface and suburface defects.



i)  Body shall be subject to hydraulic pressure test at 1.5 timeslabign
pressure.

iii)  Performance test shall be carried out on ball sorter assembly.

1.3.8.3Strainer

1)  Tests shall be carried out on the materials on various components to establish
their mechanical properties and chemical composition

i)  Strainer meh shall be checked for chemical composition and mesh size.

iii)  Strainer body shall be subject to hydraulic pressure test at 1.5 times the design
pressure.

Iv)  Strainer assembly shall be checked for its functional performance.

1.3.8.4Piping and fitting

)] Butt welds on piping shall be subject to 10% RT and 10% DPT. Butt welds
on segmental flanges shall be checked by 100% RT and 100% DPT.

i)  Fillet welds with load transfer shall be subject to 100% MPE or DPT and fillet
welds without load transfer shae subjected to 10% MPE or DPT.

iii)  Wrought and forged fittings shall be tested as per relevant codes or standards.

1.3.8.5Coating/ lining

i)  Coating shall be checked for DFT and adhesion. Further, Contractor shall
furnish his practice for testingf @oating to ensure the uniformity and
freedom from pinholes.



i)  Rubber lined items shall be hydraulically tested before rubber lining. All
rubber lining shall be subjected to following tests as peté& partl or
acceptable equivalent:

a) Tensile & Elongation, Specific Gravity, Ash content

b) Adhesiontest

c) Measuremensf thickness

d) Shorehardnessest

e) Visualexaminatiorandsparktestat5 kV/mm of thickness

f)  Bleedingresistanceest with keepingthe samplein 33% HCI, 48%
NaOHandDM water for 72hours.

g) Ozone resistance test: (50 PPHM) / 40° C / 20 % Strain /70 Hrs

h)  Water Absorption Test, After ageing test & Compression Set test
1.3.8.6Valves

The QA requirements for the valves shall be as per clause 1.4.6.2 of this Section.

1.3.9 Debiris Filter

i) Body, strainermeshand other componentsshall be checkedfor chemical
composition.

iy  Strainerelementhallbe checkedor meshsize.

i) Body shallbe subjectto hydraulic pressuretest at 1.5 times the design
pressure.

iv)  Filter assemblyshallbecheckedor its functionalrequirements.
v) Valvesshall betestedasperrelevantstandards.



1.4 HIGH PRESSURE PIPING, VALVES, THERMAL INSULATION AND
MISCELLANEOUS SYSTEMS/ EQUIPMENTS

1.4.1 High Pressure Piping and Fittings

i)  All raw materialsusedshall have co-relatedmill test certificate meeting
mandatoryandsupplementarghecksof material specification.

i) The pipesandfittings shall be subjectto visual examinationjdentification,
correlationand stamping.

iii) For alloy steel pipes (SA 33811, P22, & P91), 25% pipes per lot shall be
subjectto thefollowing tests:

a) Productanalysis

b)  Transverse tension test on pipes from one end for pipe size 200 mm and
above.

c) Flatteningteston pipefrom oneend.

iv)  All pipe lengths shall be subjecténl 100% UT or hydraulic tests and UT or
RT onlongitudinal welds.

v)  All motherpipesusedfor fittings shall be subjectto a hydraulictestor an
ultrasonic test. Raw material of all forged fittings shall be ultrasonically
tested Forgedfittings shall beultrasonicallytested.

vi) All alloy and carbon steel pipes shall be subjectto 100% UT for pipe
thicknessO
3.6 mmand100%eddy currentestfor thickness< 3.6 mm.

vii) Thickness of all pipe bends (cold/ hot formed) shall be checked by ultrasonic
or other acceptable methods on sample basis for high pressure applications.
Furtherputersurfaceof bends shalbe subject td00% MPEor DPT.

viii) Weldedand castfittings, if any, shall be subjectedo suitableNDT asper
applicable standards. However, as a minimum, 100% RT shall be carried out
on all alloy steel fittings and on carbon steel fittings for use above 71 bar
designconditions.

iX) The edge preparation for stainless steel/ alloy steel shall be subject to a 100%
DPT. For other piping, the edge preparation for the wslddl be checked
by100%MPE or DPT.

X)  Non-destructive examination of welds shall be carried out in accordance with



Xi)

xii)

therelevantdesignand/ormanufacturingodesHowever,asaminimum,the
following requirements shalie met(except foroil piping):

a) For temperature > 408C and/or pressure exceeding 71 bar, the butt
weldsand full penetration branch welds shall be subject to 100% RT or
UT and100%MPE.

b)  Fortemperature> 175°C up to 400 °C and/orpressureexceedingl?
barand up to 71 bar, the butt welds & full penetration branch welds shall
besubjectto NDTs as below:

- pipediameter> 100NB 100%RT or UT and100%MPE
- pipediameterO100NB 10%RT or UT and100% MPE

In addition to above, statutory requirement, wherever applicable, shall also
becompliedwith.

Finished welding for alloy steel piping, BFP discharge piping, MS piping,
HRH piping, CRH piping and associated pipings shall be subject to the
following NDTs:

a) Buttwelds 100%RT and100%MT or DPT

b)  Weldsfor nozzle,branch 100%RT and100%MT or DPT
connection®f size > 100NB

c¢) Weldsfor all otherattachments 100%MT or DPT
d) Removalof weld defects 100%MT or DPT
Finished welding for Carbon Steel Claspiping having design temperature

> 218 deg C or design pressure for steah7.6 kg/ cm(g) or design pressure
for feedwater > 24.&g/cn? (g) shallbe subjecto the followingNDTSs:

a) Butt welds:

pipesize> 100NB 100%RT and100%MPE or DPT
pipesizeO100NB 10%RT and10%MPE or DPT
b) Weldsfor nozzle,branch 100%RT and100%MPEor DPT

connection®f size > 100NB
andthickness> 19 mm

c) Weldsfor all otherattachments 10%MPE or DPT

d) Removalof weld defects/weldepair 100%MPE or DPT

xiii) Finished welding focarbon steel clas$ piping having design temperature

O 2d4g& or design pressure for steam 1 7 . 6 (gkogdesign pnessure



Xiv)

XV)

XVi)

for feedv a t €4.6kdglcn? (g) shall besubject tathe followingNDTS:
a) Buttwelds:

pipesize>100NB 100%RT and10%MPEor DPT
pipesizeO100NB 10%MPE or DPT

b) Weldsfor nozzle,branch 10% MPE or DPTconnections/
attachments

c) Removalof weld defects 100%MPE or DPT

Non-destructive examination of welds shall be carried out after post weld heat
treatmentjf any.

Pre heating, stress relieving and post weld heat treatment as applicable shall
be carried out as per requirements of ASME B 31.1. For welds in P91, X20
& X22 materials,only inductiontype of heatingshall be deployedfor heat
treatment.

Hardnesssurvey of welds shall be carried out on alloy steel/ stainless
steepiping. (100% hardness survey of welds on P91, X20 & X22 material

gradepipings).

xvii) All other pipes not covered above (except oil piping) shall be subjected 100%

MPE or DPT in case of undground piping and 10% MPE or DPT in case
of over ground piping. Further, 10% of butt welds of underground piping shall
besubjectedo RT.

xviii) Oil piping shallbesubjectedo following NDTSs.

XiX)

a) Butt welds of Oil piping shall be subjected to 10% RT and 10% DP
Test.For Jacking oil lines 100% RT and 100% DPT shall be carried out
on buttwelds.

b) Fillet welds with load transfer shall be subjected to 100% MPE or DPT
andillet weldswithoutloadtransfershallbe subjectedo 10% MPE or
DPT.

Rubber lined pipeshall be hydraulically tested before rubber lining. All

rubberlining shall be subject to following tests as perdkB2 partl or

acceptablequivalent:

a) Tensile & Elongation, Specific Gravity, Ash content

b) Adhesiontest

c) Measuremenof thickness



d) Shorehardnessest
e) Visualexaminatiomrandsparktestat 5 kV/mm of thickness

f)  Bleedingresistanceest with keepingthe samplein 33% HCI, 48%
NaOHandDM water for 72hours.

g) Ozone resistance test: (50 PPHM) / 40° C / 20 % Strain /70 Hrs
h)  Water AbsorptiorTest, After ageing test & Compression Set test

1.4.2 Power Cycle Valves

1.4.2.1Valves other than extraction line valves and butterfly valves

i)  Barstock/forgingabove4d0mmadiameterfor valve trim shallbe subjectedo
UT.

i)  Hardened/stellitted valve disc and seatare to be subjectedto LPI and
hardnessheck.

i) Colour matching of valve disc, plug and seat shall be carried out to
ensureontact.

iv)  Hydraulic pressurdestand seateak test shallbe carriedout asper ANSI
16.34.

v) Air seatleaktestshallbe carriedout asperapplicablestandardséodes.

vi)  Pressureetainingpartsof valvesshallbesubjectto NDTs asbelow:

a) Valvesize<50NB
1 Visualexaminatiorfor ratingbelow ANSI Class900

1 MPEfor ratingaboveANSI Classabove900

b) ValvesizeO50NB and< 100NB
{1 Visualexaminatiorfor ratingupto ANSI Class600

1 MPEfor ratingaboveANSI Classabove600andbelow 900

1 100% MPE and 100% RT on 10% of valves for rating above ANSI
Classabove 900 antlelow 4500

c) ValvesizeO100NB and< 300NB
{1 Visualexaminatiorfor ratingupto ANSI Class300

1 MPEfor ratingaboveANSI Classabove300andbelow600



vii)

viii)

iX)

X)

1 100% MPE and 100% RT on 10% of valves on change of section
andweld endsfor rating aboveANSI Classabove600 andbelow
900

1 100% MPE and 100% RT on valves rating above ANSI Class
900andbelow 4500

d) ValvesizeO300NB
f MPEfor ratinguptoANSI Class600
1 100% MPE and 100% RT on all valvesin the areasof change

ofsection and weld ends for rating above ANSI Class 600 and below
Class900

1 100%MPE and100%RT on valvesfor rating aboveANSI Class
900andbelowClass 4500

In theaboveNDTs, MPE may beeplacedoy DPT for austeniticsteels.
Weld edgepreparationshallbe subjectto MPE or DPT.

Functional testing shall be carried out on fully assemiiédee to check the
following:

a) Smoothoperation

b) Valvetravel,closingandopeningtime.

c) Currentdrawnby actuators.

Springsfor safety valveshallbetestedwith suitableNDT andfor springrate.

Safetyandsafety reliefvalvesshallbetestedfor performance.

1.4.2.2Extraction line valves

)

i)

ii)

Surface crack examination and hardness check shall be carried out on all
hard faced surfaces and stellieted surfaces, if any.

As a minimum requirement of castings for all valves on cold reheat and

extraction lines shall be subjected to 100% MPE on all areas and RT on butt
weld ends and change of section. For forgings minimum requirement shall
be 100% UT and 100% MPE.

Bar stock or valves stem shall be subjected to UT. Finish machined valve
stem shall be subjected to MPE or DPT.



Vi)

vii)

Wall thickness measurement by ultrasonic for critical and highly stressed
zones of the casting and forging shall be carried out.

Colour matching of thealve disc and seat to ensure required contact area
shall be carried out.

Hydraulic pressure tests shall be carried out on each valve to check body
and bonnet strength. Seat leakage and back seat leakage test (wherever
applicable) shall be carried out.rAseat leakage test shall also be carried
out. Minimum test requirements of pressure shall be as per ANSI B 16.34.

Functional testing shall be carried out on each valve to check for freedom
of movement, adherence to clearance, opening/ closing etc. astsefar
discharge ceefficient and pressure drop-edficient, shall be carried out. In

case the type tests have been carried out in the past and documents
generated, the same shall be furnished to the purchaser for approval.

1.4.2.3Butterfly Valves

)

vii)

viii)

Tests shallbe carried out on the materials of body, disc etc. for
determination of chemical and mechanical properties.

In case of fabricated valves, the plates used for body, disc and flanges shall
be subject to 100% UT.

Valve body, disc and shaft shall be checkedsurface and suburface
defects by 100% MPE.

For sea water application valves, austenitic stainless steel welds shall be
subject to 100% IGC (integranular corrosion) test.

All wetted SS 316 components shall be subject to Molybdenum check.

Stubs and driving shafts shall be tested for internal defects by ultrasonic
method.

Dye penetration test shall be carried out on shafts, seat rings etc.

For fabricated components of the valves, all the longitudinal/
circumferential weld seams shall béogct to 100% RT. Further, all welds

on magnetic material shall be subject to 100% MPE, and welds on non
magnetic material shall be subject to 100% DPT.

Test samples for rubber seal shall be subjected to tensile, elongation and
hardness test for vulcamg and after ageing. Hydraulic stability test
(Bleed Resistance) and ozone crack resistance tests also be carried out.



Xi)

xii)

xiii)

Xiv)

Valve shall be subjected to hydraulic pressure test for body and air seat
leakage tests as per AWWB504/ BS 5155.

Proof of design tds for valves and actuator shall be carried out as per
AWWA - C504/ BS 5155. In case the test has already been carried out on
previous supplies, the contractor may submit the test certification of same
for approval of purchaser.

Disc Strength test by Hydr(Forward and Backward) as per EN 12266

After complete assembly each valve with actuator shall be subject to the
performance test by opening and closing the valve from fully closed to fully
open position and the reverse, under no flow for at leasy@&scto check

the following:

a) Smooth uninterrupted movement of valve.

b) Closing and opening time.

C) Current drawn by actuator.

d) Operation of tripping switch and position indicator.

After assembly, one valve of each size with respective actuator shall be shop
operated over the full range of movement in both the directions, with the
body subjected to the full hydrostatic pressure conditions, to demonstrate
that the unit is in workingraer without any leakage through the joints and
torque switches/clutches, limit switches are operating satisfactorily. During
the test, hand wheel operation, opening andclosing time and current drawn
shall also be checked. The test shall be conductechfee ttconsecutive
cycles with valve shaft both in vertical and horizontal planes.

1.4.3 Metallic expansion bellows

1)

i)

ii)

All raw materialsusedshall have co-relatedmill test certificate meeting
mandatorychecks ofmaterial specification.

Hydraulic pressure g shall be carried out on each pipe and expansion
bellow.

Longitudinal butt weld on bellow shall be subject to MPE or DPT before
forming and after forming.



vii)

All welds shall be subject to 100% MPE or DPT. Butt welds shall be subject
to 100% RT.

All the bellows subjected to vacuum service shall be vacuum tested.

The bellows shall be subjected to movement test to establish suitability to
perform satisfactorily in site conditions. During this test, spring rate shall
also be measured.

Life cycle test, medional yield rupture test and squirm test to be carried
out on a prototype/ expansion bellow as per Sec. D clause 3.2 of standards
of Expansion Joint Manufacturer Association (EJMA).

1.4.4 HangersandSupports

1.4.5

)

Vi)

All raw materials used shall have-oelated milltest certificate meeting
mandatory checks of material specification.

Completed springs shall be tested for sagging test and load versus deflection
test. For diameter more than 25mm, MPE shall also be carried out.

Butt welds of thickness 32mm and abovalkbe tested for UT, and for butt
welds of thickness less than 32mm MPE shall be done. Fillet welds shall be
tested for MPE.

Dampers with viscous fluids shall be checked for viscosity of liquid used,
damping resistance of the damper, stiffness of thepdaetc.

Turn-buckle, pipe clamps and hangers of thickness greater than 25mm shall
be checked by MPE or DPT on bent portions.

One hanger of each type and size shall be checked for variation in deflection
and travel versus load test.

Thermal insulationrefractory, lagging and cladding

)

Thermal insulation

a) Preformed fibrous pipe insulation and LRB mattresses/ sections of rock

wool/ mineral wool from approved manufacturing sources conforming
to andtested aperrelevant standards shak used.

b)  For resin bonded mineral wool insulation, testing shall be carried out as

per IS: 8183.

c) For resin bonded rock wool insulation, testing shall be carried out as per

IS: 9842.



d) For sprayed mineral wool, testing shall be carried out as per IS: 9724.

e) For ceranic fibre blankets and block insulation, testing shall be carried
out as per IS: 15402.

f)  Type tests except thermal conductivity shall be regularly carried out
once in three months.

g) Type test for thermal conductivity shall be carried out by the
manufacture minimum once in six months. Thermal conductivity (K
value) shall be measured in line with IS: 3346.

h)  Wire mesh of diameter 0.71mm (minimum) shall only be used.

i)  Castable refractory

Fire bricks or castablerefractory from approvedmanufacturingsources
corforming to and testedas per relevantstandardshall be used.Castable
refractory shall have proper identification, supplier name, customer name,
batchno., date,materialnameandnetweightin kg with properinstructions

for handling.

i) Lagging anccladding

All insulation shall be protected by means of an outer covering of aluminium
sheeting conforming to ASTM B-209-1060 temper H14 from reputed
manufacturer.

1.4.6 Low Pressure Piping, Valves and Fittings etc.

1.4.6.1 Pipes,fittings and mitre bends

i)  Tests shall be carried out on the materials on various components to establish
their mechanical properties and chemical composition. Further, heat
treatmenshallbe carried out for materiaés required.



i)  Dye penetration test of welds of pipasd fittings (including welds of rolled
andweldedpipes) shall be carried out.

i) All pipesandfittings shall be testedas per applicablecodes/standardsat
manuf aovorksr er 6 s

1.4.6.2Valves

i)  Tests shall be carried oo the materials on various components to establish
their mechanical properties and chemical composition. Further, heat
treatment shall be carried out for materials as required.

i) Shaft/ spindle of size O 50 mtestdi amet e

iii)  Machined surfaces of casing, disc and shaft shall be subjected to 100% MPI
or DPT as applicable.

iv) All valves shall be hydraulically tested for body, seat and back seat
(wherever provided) at 1.5 times the maximum pressure to which regpecti
valves can be subjected during plant operation. Check valves shall also be
tested for leak tightness test at 25% of the specified seat test pressure. For
rubber lined valves, hydraulic test shall be carried out before rubber lining.

v) For butterfly vdves, hydraulic test, seat and disc string test and proof of
design test (if not carried out earlier) shall be carried out in accordance with
latest edition of AWWAC-504 standard.

vi) Visual and dimensional check shall be carried out for all valves as pe
relevant code/ approved drawing.

vii) Functional/ operational checks for and check for smooth opening and closing
of the valves shall be carried out.

viii) Gate, globe and swing check valves

a) Machined surfaces of castings and butt welds shabuigected to
MPE or DPT.



Xi)

xii)

b) Blue matching, wear travel for gates, valves, pneumatic seat leakage,
reduced pressure test for check valves shall be done as per relevant
standard.

Diaphragm valves

a) Seat leakage test for actuator operated valves, shalbbhe with by
closing the valves with actuator.

b) Tests on rubber parts per batch of rubber mix such as hardness,
adhesion, spark test, bleed test and flex test on diaphragm, type test for
diaphragm for 50,000 cycles.

Cast butterfly valves

a) Machined surfaces of casing, disc and shaft shall be subjected to MPE or
DPT.

b) Actuator operated valves shall be checked for seat leakage by closing the
valves with actuator. Seat leakage test shall be carried out in both
directions.

Fabricated butterflyalves (refer 1.4.2.3)

a) UT shall be carried out on plate material for body and disc.

b) Machined surfaces of casing, disc and shaft shall be subjected to MPE or
DPT.

c) Butt welds of thickness above 30mm on body and disc shall be subject to
100% RT alongwh and post weld heat treatment for stress relieving.

d) Actuator operated valves shall be checked for seat leakage by closing the
valves with actuator. Seat leakage test shall be carried out in both
directions.

Dual plate check valves

a) Dry cycle test (spring cycle test) for one lakh cycles shall be carried out
as a type test.

b) Machined surfaces of casing, disc and shaft shall be subjected to MPE or
DPT.



1.4.6.3 Rubberlining of pipesandvalves
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1.4.6.5

)] For rubber lining, thdollowing testsshall be carried out as per-#%82
partl or acceptable equivalent standard:

a)
b)
<)
d)
e)

f)

9)

h)
i)

Tensile & Elongation, Specific Gravity, Ash content
Adhesiontest

Measuremenof thickness

Shorehardnessest

Visual examinatiorandsparktestat 5 kV/mm of thickness

Bleeding resistanceest with keepingthe samplein 33% HCI, 48%
NaOHandDM water for 72hours.

Ozone resistance test: (50 PPHM) / 40° C / 20 % Strain /70 Hrs

Water Absorption Test, After ageing test & Compression Set test

Dimensional check shall bearried out as per relevant code/ approved

drawing.

Coatingandwrappingof pipes

Spark test, adhesion test and material test for primer and enameled and coal tar

tapes, aapplicable,shall be carried out as pAWWA-C-20391/ IS 15557/ IS
10221 aspplicable.

Rubber expansion joints

)

Rubber compound test slab after valcanising shall be téstegensile
strength, elongation and shore hardness. Tests on rubber compound shall
also include hydro stability test as per ASTMBID37, ozone resistance test

as per ASTM DB 380 andkerosene dip test

Fabric strength of synthetic fibre for reinforsent shall be checked, and

test for rubber to fabric adhesion as per IS: 3400 or ASTM13, rubber
to metal adhesion as per IS 3100 or ASTMIZD shall be carried out.

i) All expansion joints in assembled condition shall be subjected to vacuum
test at730 mm Hg under conditions to ensure its suitability to withstand
deflection in each axial transverse and longitudinal direction. Duration of

test shall be of minimum 10 minutes.



iv) All bare bellows shall be subjected to hydraulic pressure test in horma
condition at twice the design pressure for a duration of 30 minutes.
Additionally, all bare bellows shall be subjected to deflection tests under
pressure, pressure being raised from zero to the design value in regular
steps and deflection measured athestep.

V) All expansion joints in assembled condition along with control rod
assembly shall be subjected to deflection t@stial compression &
expansion test and lateral deflectiomder design pressure.

Vi) Either during the hydraulic test or durinbe vacuum test, change in
circumference at the top position of the arch shall not exceed 1.5% of
measured circumference at normal position.

vii)  Twentyfour (24) hours after the above tests, the permanent set (variation
in dimensions with respect to siginal dimension) shall be measured and
recorded. The permanent set shall not be more than 0.5%.

viii)  Proof of Design I(ife cycle test and burst test) shall be carried out on
bellows of each type, design and size.

1.4.7 Equipment Cooling Water (ECWHystem
1.4.7.1Primary side and secondary side pumps

i)  Tests shall be carried out on the materials on various components to establish
their mechanical properties and chemical composition. Further, heat
treatmenshallbe carried outor materials of shatind rotor.

i)  100%UT shallbecarriedouton pumpshatft.

i) 10% RT shall be carried out for butt welds on fabricated components of
thicknessnorethan 10mm.

iv)  100%MPE shallbe carriedout on pumpshaft.

v) 100% DPT shall be carried out on welds on casing, suction bell, shatft,
impellerandfabricated components.

vi) Hydraulic test shall be carried out on casing and pressure containing
fabricatedparts at 1.5 times the pump shut off pressure or 2 times the @gorkin
pressuravhicheveris higher.

vii) Individual impellers and completed rotor assembly shall be subject to
dynamicbalancingest.Rotor assemblghall besubject tarun out testalso.



viii)  Visual checkand dimensionalmeasuremenghall be carriedout for all the
componentsind completelyassembled pump.

ix)  Finaltests

a) Performancetesting shall be carried out as per Hydraulic Institute
StandardgHIS) on each pumgo determineits characteristicurve at
designspeedandto ensurecompliance withdesignrequirements.

b)  Vibration on all pumps shall be measured in transverse, horizontal and
verticaldirection at alimeasuring points.

c) Noise level on each pump shall be measured at a distance of 1.5 m above
floor level in elevation and 1 m horizontally frahme nearest surface of
theequipmenasper HIS.

d) NPSH(R) test shall be carried out on one pump at pump flows of 25%,
50%, 80%, 100% and 125% of designflow at designspeed.In case,
NPSH (R) test has already been carried out by the contractor for the
offered framef a pump, the test shall not be repeated and certificates
of test carried outarliershall be furnisheébr review ofthe purchaser.

e) Complete strip down of one pump shall be done after completion of all
thetests on it. The strip down shaheck for the condition of bearings
andproblemssuch asnternal rubbing, excessiweear.

1.4.7.2Plate heat exchangers
i)  The material used for cover plates, heat exchange plates and tie rods shall be

subject to chemical and mechanical tests on ondgat basis. For gasket,
ageing test, shrinkage test and hardness to be carried out.

i)  Each plate after pressing shall be subject to light box test, vacuum test or air
chamber test as per manufacturerods pra

iii)  UT shall be donéor plates with thickness 25 mm or above.

iv)  DPT shall be conducted for 10% of the lot of heat exchanger plates. However,
in case of any defects, entire lot shall be tested and only defect free plates
shall be accepted.

v) 100% DPT shall be conducted all welds.



1.4.7.3
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vi) Each heat exchanger shall be subjected to hydraulic test.

vii) Assembly fit up and dimensional checks shall be carried out for each heat
exchanger.

Auto cleanfilters

1)  Tests shall be carried ooh the materials on various components to establish
their mechanical properties and chemical composition.

i) In case of fabricated construction, the welds shall be examined for surface
defects by 100% DPT.

iii)  The body shall be subject to hydraulisttat 1.5 times the design pressure.

i)  Pressure drop, flow and particle size tests shall be carried out for the filter
assembly.

Pipes, Valves and fittings

The QA requirementdor piping, valvesandfittings shallbe asperclausel.4.60f
thisSection.

EOT Cranes and Hoists

Hooks

i) All testsincludingproofloadtestasper relevantS shallbecarried out.
i)  MPEor DPT shallbedoneafterproofloadtest.

Steels castings
Steelcastingsshallbe subjectedo DPT on machinedsurface.
Girders, end carriage, crab, gderx and rope drum

i)  The plates of thickness 25mm and above for girders, end carriage, crab, gear
box and rope drum shall be ultrasonically tested.



1.4.8.4

1.4.8.5

1.48.6

1.48.7

1.4.8.8

1.4.9

i) NDT requirements on weldments shall béad®ws:
a) Buttweldsin tension : 100%RT and100%DPT

b) Buttweldsin compression : 10%RT and100%DPT

c) Buttweldin ropedrum : 100%RT and100%DPT
d) Fillet welds : 10%DPT (random)

Forgings

i)  All forgings (wheel, gears, pinions, axles, hooks and hook trunion) greater
than or equal to 50mm diameter or thickness shall be subjected to ultrasonic
testing.

i)  DPT or MPE shall be done after hard facing and machining.

Wire rope

Wire ropeshallbetestedasperrelevantstandard including breaking force and no.
of strands.

Reduction gear

Reduction gears shall be tested for reduction ratio, backlash and contact pattern.
Gearbox shall be subjected tonload run test to check foil leakage, temp. rise,
noise andibration.

Final testing

The cranesshall be completelyassembledit shopfor final testing.All testsfor
dimension, deflection, load, overload, hoisting motion, cross travel etc. as-per IS
3177shallbe carriel out at shop.

Electric hoists

All electrichoistsshall be testedasper IS-3938 and chainpulley blocks shall be
testecsper 1S3832.

Elevators

i) Reduction gears shall be checked for reduction ratio and bacKlashouts
of wheel shafts and work shafts, tooth contact and running test shall also be
carriedout.
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viii)

iX)

Breaking load test shall be carried out along with all other tests as per relevant
standardor steel wire rope.

Buffer springsshallbesubjectedo loadtestasperrelevantspecifications.

All componentgprior to assemblyshallbe checkedor dimensions.

All rotatingcomponentshallbetestedfor dynamicbalancing.

Car sling and car body in assembled condition shall be checked for position
of allmajorcomponents i.e. car sling, inside depth, width, height, positions of
pushbox, indicatorbox lights, fans etc.

Vibration level shallbe determinednwork gearedmachine.

Mechanicalbalancetest and determinationof vibration level on lift and
accessorieshall be carriedut.

In case the lift is provided with pressurized unit, the fan shall be dynamically
balancedand completeinit shall begperformance tested.

1.4.10 Air Conditioning System

1.4.10.1Refrigerant compressor (reciprocatisgfew/ centrifugal)

i)

Hydraulic/ pneumatictest of castingsfor cylinder block, crank caseand
casingetc.shall be carriedut. No leakagshallbe permitted

DPT on connectingrod, piston, crankshaft,screw, impeller with shaft,
vanesgrankcasecylinder andcasing after machininghall becarried out.

All rotating partsof reciprocating/screwand centrifugalcompressoshall
bestaticallyanddynamically balanced to IS©40 Gr.6.3.

Leak tightnessand vacuum check for chilling units and compressorsn
assembledonditionshallbe carriedout. Noleakageshallbe permitted.

Performancetest of assembledcompressorshall be done to check for
following:

a) Capacitytestfor oil pumpfor reciprocatingcompressor.
b) No load air run(free run) test of all types of compressors and chilling

unitsto check FAD (free air delivery), noise, vibration and temperature
rise ofbearingand body.



c) Hydraulic/leakageestfor reciprocatingcompressor.

d) Functional run test and capacity contrabr(part load performance)
checkshallbe carried out

1.4.10.Zondenser and evaporator
i) DPT shall be carried out on finish welds.
i) 10% RT of butt weld joints on shell shall be carried out.

iii) Dimensional check including tube hole diameter, ligament @tchshall
be carried out.

iv) Mock-up test for tube to tube sheet expansion shall be carried out. In case
such a test is already conducted for similar tube/ tube sheet thickness and
materials, record for the sawend shall
approval.

V) Hydraulic/ pneumatic test of shell side and tube side of condenser and
evaporator as applicable shall be carried out. No leakage shall be permitted.

1.4.10.3Vapour absorption machine (VAM)

i)  All materials used for fabrication shall be of tezs quality. Mill test
certificates for chemical and mechanical properties shall be furnished by the
manufacturer. In absence of correlated mill test certificates, check test shall
be carried out.

i)  Tubes for heat exchangers/ vessels and interconngifpiag shall be tested
as per the requirement of relevant code/standard.

iii) All welding shall be performed as per approved Welding Procedure
Specification and IBR qualified procedure and welders.

iv)  Mock-up test for tube to tube sheet expansion shatldrged out. In case
such a test is already conducted for similar tube/tube sheet thickness and
materials, record for the same shall b

v)  RT on butt weld joints of heat exchangers/ vessels shall be carried out as per
therequirement of design code/approved drawing.

vi) DPT on Root run after back gouging and on finished welds shall be carried
out.



vii)

viii)

Vessels/ heat exchangers like high temperature and low temperature
generator/ condenser/ high temperature and low temperature heat exchanger/
evaporator/ absorber shall be subjected to hydraulic pressure test and leakage
test under vacuum with nitrogen ga®d helium gas, both tube side and shell
side as applicable for individual component prior to assembly. Helium leak
test shall also be conducted on complete assembly under suitable cover to
detect any leakage into the system.

The complete assembledit shall be performance tested in shop for capacity
(TR) and steam consumption at the rated conditions and part load conditions.
Manufacturer shall furnish a detailed procedure along with calculation for
conducting such test for approval and in casengflianitation same shall be
clearly brought out in the bids. All the controls shall be tested for proper
functioning during the above test.

1.4.10.4 Air handlingunit (AHU)

)

Vi)

vii)

20% DPT of welding on fan hub, blades, casing and impeller as applicable
shall be cared out.

UT of fan shafts (diameter greater than or equal to 50mm) shall be carried
out.

DPT of fan shafts after machining shall be carried out.

DPT of welding on shaft (in case of fabricated shaft) shall be carried out.

Blower fan shalbe statically and dynamically balanced to ISO 1940 Gr. 6.3.

One fan of each type and size shall be performance tested as per AMCA /IS
for air flow, static pressure, speed, efficiency, power consumption, noise and
vibration.

One per type of assmbled AHU (AHU casing and fan assembly) shall be
subject to free run test. Noise, vibration and temperature rise of bearing shall
be measured during run test.



viii) All cooling coil shall be pneumatically tested and no leakage shall be

permitted.

1.4.10.5 Centrifugalpump

The QA requirementdor centrifugal pumpsshall be as per clausel.4.12.20f
thisSection.

1.4.10.6 Coolingtowers

)

1.4.10.7 Fans

UT of fan shaft and drive shaft (diameter greater than or equal to 50mm) shall
be carried out.

DPT of fan hub and shafthall be carried out after machining.

Colors of fills shall be as per approved data sheet.

Fan assembly shall be statically balanced.

Cooling towers being supplietb site in assembled condition shall be
subjected to run test at shop to measure FAD, noise and vibration. For cooling
towers being supplied in knockedwn condition, these tests shall be done

at site.

20% DPT of welding on fan hub, blades, ingsand impeller as applicable
shall be carried out.

DPT of fan shafts shall be carried out after machining.

UT of fan shafts (diameter greater than or equal to 50mm) shall be carried
out.

Rotating components of all fans shall be statically @ynamically balanced
to ISO-1940 Gr. 6.3.

All centrifugal fans shall be subjected to run test for 4 hour or till temperature
stabilization is reached. Vibration, noise level, temperature rise and current
drawn shall be measured during the run test.



vi) One fan of each type and size will be performance tested as per corresponding
IS code for airflow, static pressure, total pressure, speed, efficiency, power
consumption, noise, vibration and temperature rise.

1.4.10.8Low pressurair distributionsystem

)] Functional test for fire damper along with solenoid shall be done.

i) Prototype tests for fire resistance rating as pes58% of each type and size
of damper shall be carried out. In case prototype tests have already been done,
the contractor shall subtthe test report for verification and approval.

1.4.10.9Insulation

)] Insulation material shall be tested for all mandatory tests only as per relevant
code or standard.

i) Thermal conductivity tests (for thermal insulation only) shall be done once in
six monhs for insulation material manufactured during six months period for
the same density, outer diameter and thickness of material as applicable as
per 1S:3346 or equivalent standard.

1.4.10.10Air filters

Pre and fine filters shall be testtat initial and final pressure drop versus flow
andaveragesyntheticdustweight arrestances per the requiremenbpf BS 6540
or ASHARE-52-76 or EN779.

1.4.10.11Packagedsplit andwindow air conditioners

)] Compressor of packaged air conditioner (PAC) shatiébied as per relevant
code/standard.

i)  PAC shall be subjected to production routine test in accordance with IS: 8148
for the following.

a) General running test.

b) Pressure or leakage test of refrigerant.
c) Insulation resistance test.

d) High voltage test.



e) Perfamance test on one PAC of each type/size at ambient condition to
check for following.

1 DBT andWBT of supplyandreturnair.
1 Air flow
1 Current, voltage measurement and power consumption

M Noise and vibration measurement
i) Manufacturero6s standard test certific

submitted for split and window air conditioners.
1.4.10.12Pipesyvalvesandfittings

The QA requirements for piping, valves and fittings shall be as per clause 1.4.6 of
thisSection.

1.4.11 VentilationSystem

The QA requirementdor ventilation systemequipmentsshall be sameas those
applicablesimilar equipment®f air conditioningsystemequipmentslescribedat
clausel.4.100of this Section.

1.4.12 Miscellaneous Items/ Equipments

1.4.12.1 Chemicaldosing system
)] Pumps of chemical doing system shall be performance tested as per relevant
codes.

1)) In case of diaphragm type of pumps, the life cycle test shall be done on
pumps.

i) Dosing skid shall be subjected to leakage test and functional test

1.4.12.2 Centrifugalpumps

i) Tests shall be carried out on the materials of the pumps to establish their
properties, and chemical compositions.

i) 100% DPT or MPE shall be carried out for the rotor and machined surfaces of
casing and impellers.



i) UT on pump shaft (diameter greater than or equal to 50mm), MPI or DPT on
pump shaft and impeller after machining shall be carried out.

iv) All rotating components of the pumps shall be statically and dynamically
balanced to 1S€1940 Gr. 6.3.

v) Assemblyfit up check, and dimensional check shall be carried out for the
completed pump assembly.

vi) Pump casings shall be subject to hydraulic test at 1.5 times the shut off pressure
or 2 times the working pressure whichever is higher for a minimum duration of
30 minutes.

vi) Al | pumps shall be tested at manufactu
and efficiency as per requirements of HIS, USA or equivalent standard.. Pump
shall be given running test over the entire operating range covering from the
shutoff head to the maximum flow. Acceptance shall be as per approved
datasheet and HIS only.

viii)  Pumps shall be subjected to strip down examination visually to check for
mechanical damages after testing at shop in case abnormal noise level and/or
excessive Wwration are observed during the shop test.

1.4.12.3 Blowersandexhausters

i) Tests shall be carried out on the materials of the rotary blowers to establish their
properties, and chemical compositions.

i) 100% DPT or MPE shall be carried dat the rotor and machined surfaces of
casing and impellers.

iii) Rotors shall be dynamically balanced.

iv) Assembly fit up check, and dimensional check shall be carried out for the
completed blower assembly.

v) The blower casing shall be subject to hydiatest at 1.5 times the shut off
pressure or 2 times the working pressure whichever is higher.

vi) Performance test including noise and vibration tests shall be carried out as per
relevant standards and codes.



1.4.12 4Filtersandstrainers

)

Tests shall be caed out on the materials on various components to establish
their mechanical properties and chemical composition.

In case of fabricated construction, the welds shall be examined for surface
defects by 100% DPT.

The body shall be subject to hydha test at 1.5 times the design pressure.

Pressure drop, flow and particle size tests shall be carried out for the filter
assembly.

1.4.12.5Tanksandvessels

Tests shall be carried oah the materials on various components to establish
their mechanical properties and chemical composition.

UT shall be carried out on plate material used for fabrication of tanks and
vessels.

Hydraulic test for pressurised vessels and waterell tor atmospheric tanks
shall be carried out as per relevant standards/ codes.

Butt welds and full penetration welds shall be checked by suitable RT or UT.
Fillet welds shall be checked by MPE or DPT.

1.4.12.6 Lubeoil systemhydraulicpowerpack

Lubeoil system/hydraulicpowerpackshallbetestedor performance.

15 FIELD ERECTION CHECKS AND TESTS

The QA requirements for raw materials;grocess tests and NDTs indicated for
shopmanufactureshallbe applicablefor site fabrication/erectiorof therespective
item.

1.5.1 Hydraulic Test of Pressure Parts

On completion of erection of pressure parts of each steam generator, the unit with
its fittings andmountingsin positionshall be subjectedo hydraulictestpressure
inaccordancewith requirementof Indian Boiler Regulations.Water used for
hydraulidest shall be madealkaline by addition of suitablechemical.After the

test, all partshallbe drained and suitably preserved.

1.5.2  Turbine Assembly



Bidder shall clearly indicate the extent of assemblyeaocarried out at site for
steanturbine and BFP drive turbine(s). Accordingly, bidder shall submit elaborate
erectionandassemblynspectionprogramme ofurbinesf or p u ragploeals er 0 s

1.5.3 Condenser Assembly

i)  If the condenser sections calls for site assembly, care shall be taken in asdesabiipns
and correctness of alignment and fit up shall be checked. Site waHhdilhige carried out
as petthe procedurapprovedy thepurchaser.

i)  All weld seams Isall be subjected to magnetic particle examination. At least 10% of butt
welds shall be subjected to radiographic examination.

iii)  All welds between condenser neck and LP turbine shall be subjected to 100% radiographic
and magnetic particle examination.

iv)  Condenser tubes shall be visually examined for dents, mechanical damages
or any other defects prior to insertion. Both tube ends shall be thoroughly

cleaned to a length of 100mm to remove oil, grease etc. and shall be checked
for freedom from burrs prido insertion.

v)  Tube expansion shall be carried out by electronic automatic torque control
expanding unit, which shall be calibrated before use. Tube wall thinning and
length of expansion shall be controlled and recorded.

vi) Hydrostatic testing of condesissteam space shall be carried out after connecting all the
pipes with the condenser along with condenser vacuum systems by filling the steam space
with water upto the tip of the last stages of blades of LP cylinder.

vii) Condenser water boxes shall bsted hydraulically at a minimum test pressure of 1.5 times
the design pressure.

1.5.4 General

i)  All rotating equipment shall be checked for their direction of rotation and free movement
after placing on the respective foundations.

i)  Piping system shall kested hydraulically or pneumatically as per application requirement.
iii)  All valves shall be checked for their direction of flow.
iv) Insulation shall be carried out only after satisfactory inspection of leak test.

v) After complete installation ofiaconditioning and ventilation systems, all ducting system
shall be tested for air leakage test or smoke tightness test.



1.6

ELECTRICALSYSTEMS

ii)

Quality Plan

The indicative list of various tests/ checks for various equipment/ items is
given below. The biddershall draw his own quality plansin line with these

requirements, his standard practices and requirements of standards/ codes and
implementsuch programmatfter approvaby the purchaser.

Processhecks

Under t he 0Pr ovbiehsrsrequined to le sanductdad at svorks
duringvarious stagesf manufacturinghave beeitisted.

Typetests
Typetestshavebeendividedinto following two categories:

(@) Categoryl

The contractorshall carry out type testslisted under Category-1 for the
respective equipment. The charges for each of these type tests shall be
indicatedseparately and the same shall be considered for the evaluation of
the bids. Thewner reserves the right to waive conducting of any or all of the
specified typeestson submission of type test report conducted on similar
equipment during laBve (5) years,in which casethe type test charges

shall not be payablefor thetype tests which are waived. The type test
chargesshall be paid only for thetest(s)actuallyconducted successfully
under thicontract. The Contractor shall supply the equipment to the site only
after receiving MDCC (Material Dispatch Clearance Certificate) from the
Owner. Without receiving consent / MDCC from Owner, Supply of the
equipment at & shall not be considered.

(b) Categorvill

The contractorshall only submitthe reportsof the type testslisted under
Category-l for the respective equipment which should have been carried out
within lastfive (5) yearsfrom the dateof bid opening.Thesereportsshould

befor the tests conducted on the equipment similar to those proposed to be
suppliedunderthis contractandthetest(s)shouldhavebeeneitherconducted

at anindependent laboratory or should have been withnessed by a client. In
casethecontractoris not ableto submitreportof the type test(s)conducted
within lasffive years from the date of bid opening, or in case the type test
report(s) are nofound to be meeting the specification requirements, the
contractor shall condudll suchtests undethis contractfree of costand
submitthereportsfor approval.



Site Tests

Some site tests have also been identified below which shall be carried out by
thecontractor. The site tests as per
thosespecifiedherein, shalalsobe conductedy thebidder:-

t

I,



1.6.1 Generator and auxiliary systems

1.6.1.1 Processcheckfor static parts of generator/ exciter

ltems/
Components/
Process

Tests/Checks

Visual, dimension

property  (raw

Heat treatment

Chemical

(raw

property

Mechanical

Impact (raw material)

Hydraulictest

Pneumaticest

RT or UT (10%for buttweld)

MP or DPT (All welds)

Relativepermeability

Ferritecontent

DIN 43760,1S:2848,7358

DIN 48124

Sheetand
Fabrication :

- END shield

- Statorcasing

- Bushingboxes

<|<| <

- Terminalplates

- Manhole andovers

< |<|<|<| =<

< | =<| <] <] =<

- Trunniuns

<< | =<|<|=<| =<

<< | <K <<

<|=< |=<|<|~| =<

- Corebar

- Pressing

<

- Core bolt
(insulated)

< | <|=<|=<|< |<|<|=<|=<

<

- Gaskets

<| < | <|<|=<|=< |<|<|~|=<

~<| < | <|<|=<|=< |<|=<|=<|<

- Bearing sealsnd
hydrogerseals

<

<

Y1

- Terminal
bushing

- RTD/
Thermocouple

Additional checKor
nonmagnetic
components

Non magnetic
componentaelding

Y=Testapplicable,Y1=UT onbabbitfor bearing




(Table

1.6.1.2 Processcheckfor core of generator/ exciter

1/2)
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Visual checks

Testapplicable Y1

Y =

(Table 2/2)

1.6.1.2 Processcheckfor core of generator/ exciter

Tests/Checks

AlIsuap Xxnjparelesso| uol|

>

alnesadwal  JO  UONBIOT >
amTd

‘elowepal elul Ag jods 10H mw.:m

s1oNpuoe|uan
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Jeq aio0opueyjoq

uoISUa} 9409 JO 1S3} uone|NSU| >
puebuneay

Buipnpoul  28ys S$Sa20id >

Items/ComponentsProcess

(additionalchecksfor generator)

Coreassembly
Y

Sal

Visual check

TestapplicableY1 =




1.6.1.3
exciter

(Table 1/3)

Processcheck for stator conductor and winding of generator/

Tests/Checks

Eddycurrentandpressureest

Insulationadhesion

Flexibility of bending

Dielectrictest

Electrictest

Physicalproperties

Brazingprocedure

Winding
copper and
connecting
busbars

< MechanicalPropertiegsample)

< | ChemicalPropertie{sample)

< | Resistivity/Resistance

< | Metallographyproperties

<
=

< | Dimensionkisual

Insulated
conductor

Insulationmaterial

Manufacturing
winding bar and
phasebar

Winding
laying

Water
hoses

supply

Winding
ring

support

Connection
betweembars

Woundstator

Y = Testapplicable,Y1 = Visual checks




1.6.1.3 Process check for stator conductor and winding of

generator/ exciter
(Table 2/3)
Tests/Checks
o
>
(%) [
0 o
Q| B
s | 8
e] o
Items/Componentg Process S| S
7| @
X 8| N
3 x | =
Sl . [ 8K
Bl o = S
| 3§ 2 €| x
S|l ol = | 2)8
o el © CRERS
X | o] i BN©)
Winding copper and connecting
busbars
Insulatedconductor
Insulationmaterial
Manufacturingwinding barandphase| Y1 |Y | Y1 | Y
bar
Winding laying Y Y
Watersupplyhoses Y
Winding supportring
Connectiorbetweerbars
Woundstator Y1l

Y = Testapplicable,Y1 = Visual checks




1.6.1.3 Processheckfor stator conductor and winding of generator/

exciter

(Table 3/3)

Tests/Checks

ltems/
Components/
Process

Tandeltaanddelta( tandeltaupto 1.2

Coronaprotectionresistance

Reactancef statorwinding

Magneticpermeabilityof metallicparts

and  boroscopic

examinatiomwf brazed water box
Slot wedge tightness and

Dielectric test at elevated, room
shock

MagnetictestandVibration fatigue

Inter strandinsulationtest

Thermal

radial

Type test on two bars fdreating cycle
test, Thermal stability test, Voltage

Supportarrangement

Winding copper ang
connectingousbars

Insulatedconductor

<

Insulation
material

Manufacturing
winding bar and
phaséar

Windinglaying

Watersupplyhoses

Windingsupportring

Connection
betweemars

Woundstator

Y

Y

Y = Testapplicable,Y1= Applicablefor hollow conductor




1.6.1.4 Processcheckfor rotor and assemblyof generator/ exciter

1/4)

(Table

Tests/Checks

ltems/
Components/
Process

Impact and stress rupture
propertiesheckon sample

including

(as

treatment

heat

suppliersworks and after

preliminarvmachinina)

capacity/

carryingcapacity/ magnetic
carrying

magnetiproperties

Rotor forging and slip
ring shaft

< | Sampletensilestress

< | Sample0.2limit

< | Sampleelongation

< | Hardnes®n sample

<

< | Samplechemicalproperties

< |NDTT, FATT

< | Process check

< | Ultrasonic test/ RT (at

< | Sulphur prints check flux

< | Flux

< | Boroscopicexamination

Rotor end retaining
ringand cover, locking
ring and slip ring
forgings,

diodewheel

<

<

<

<

<

<

<

Rotor winding copper
rotorwedgesdamper
wedges, Céholts
and Dleads

Rotor slot boxes/
insulatingmaterial

Coil manufacture

Rotorwinding

Winding connection
studsandassembly

Completerotor

Test on completed
rotorat various speed
uptoratedspeed

Test on completed
rotorbeforeand after
overspeed

Fanhubs/blades

Generatoassembly

Rectifierwheel

Permanenmagnet

Exciterassembly

Y = Testapplicable




1.6.1.4 Processcheck for

exciter

rotor

and assembly of generator /

(Table 2/

ltems/
Components/
Process

Tests/Checks

dimension,

cleanliness

on

conductivity
test

Adhesion, thickness of

coat orsilver plating
andoxygencontent
Mechanical
Electricaltest
Resistance
Purgetestonvents

Electrical
~Aarmanla

Helium leak test for b

cooledmachine

Inter-turntest

Dielectrictest

Gastightness

Rotor forging and
slipring shaft

< |MPI or DP,NDT

< WVisual,

Rotor end retaining
ring and  cover,
locking ringand slip
ring forgings, diode
wheel

<

<

Rotor winding
copperotor wedges,
damper

wedges, Cébolts
andD-leads

Rotor slot boxes/
insulatingmaterial

Coil manufacture

<

Rotorwinding

Winding connection
studsandassembly

Completerotor

Test on completed
rotorat variousspeed
upto ratedspeed

Y1l

Test on completed
rotorbefore and after
over speed

Fanhubs/blades

Generator
assembly

Rectifierwheel

Permanent
magnet

Exciterassembly




| Y=Testapplicable,Y1= atratedspeednly




1.6.1.4 Processcheckfor rotor

(Table 3/4)

and assemblyof generator/ exciter

Tests/Checks

ltems/
Components/
Process

InsulationResistance

Plat5 kV

Radialrun out/alignment

measurement/

Impedence
Repetitive

Surge

Dynamic balancing 1SO

5393, 5406,

2372, 1940

includina Air runtest
Overspeedest(120%)for 2

minute

Functionaltest

run out, seal ring

Axial

IhaldAr

Torgueonjoint bolts

of

locking

Fitting and

balancinaveiahts

and brazing

Brazer

nranandiiva

Rotor forging and
slipring shatft

< | Metallographyexamination

Rotor end retaining
ring and cover
lockingring and slip
ring forgings, diode
wheel

Rotor winding
copperrotor wedges,
damper

wedges, ce
bolts and D-
leads

Rotor slot boxes
insulatingmaterial

Coil manufacture

<

Rotorwinding

Winding connectior,
studsandassembly

Completerotor

Test on complete
rotor at various spee
uptoratedspeed

Test on complete
rotor beforeandafter
overspeed

Fanhubs/blades

Generatoassembly

<

Rectifierwheel




Permanenmagnet

Exciterassembly

Y=Test applicable




1.6.1.4 Processcheckfor rotor and assemblyof generator/ exciter

(Table 4/4)

(additional checks for exciter)

Item/ComponentsProcess

Tests/Checks

As perlEC-76

Pole parallelism and

nalaritv

Mechanical chemical

and

Magnetic

Functionalcheck

Insulationresistance
IEEE/ ANSFC37.18

As perspecification

and

Fusediodeandfilter Circuit

=< | As perlEC-146

=<'| Dimensional

PMG andexciterstator

Bandingwire

<|=<

Exciter field Breaker, field
dischargeesistor

Bearing,exciterarmature
field, axiscoil RTD

VoltageRegulator

Y = Testapplicable




1.6.1.5 Final acceptancedestsfor generator/ exciter

(Table 1/3)

Item/ Components/
Process

Tests/Checks

Functioncheck

Voltageregulation

Works tests on running
generator

< | Gas tightnessfor Hz cooled

< | Resistanceneasurement

< | Rotor impedanceat various

< | Heatruntest

< | OCC
< | SCC

< | Recordauxiliary parameters

< | Steadystatereactance

< | Efficiency by separation of

Without Excitation, OC
andSCwith ratedvoltage
and currenfor generator

<

On total winding/ phases
at interval 0.2Un for
generator

Condition afte
dismantling

Works tests on brushles;
exciter

PMG workstests

Full load for PMG and
converterassembly

Converterassembly

<| < |<| =<

Y = Testapplicable




1.6.1.5 Final acceptanceestsfor generator/ exciter

(Table 2/3)

Tests/Checks

Item/ Components/
Process

Insulationresistanceat 5 kV

test (except electronic

Rotorjournal

Bearingoil catcher

Works tests on runnini
generator

<

< |Polarizationindexat5 kV

< |Phasesequenceoltagebalance

< |Shaftvoltageandcurrent

< HvV

< |RTD, BTD Check

< |Capacitanceneasurement

< [Tandelta,deltatan-delta

Without Excitation, OC
andSC with ratedvoltage
and currenfor generator

On total winding/ phase
at interval 0.2Un for
generator

Condition after
dismantling

Works tests on brushle
exciter

PMG workstests

Full load for PMG ang
converterassembly

Converterassembly

Y = Testapplicable




1.6.1.5 Final acceptanceestsfor generator/ exciter  (Table 3/3)

Tests/Checks

search caoll,

Item/ Components/
Process

ReducedroltagerunningandNo load

Loadcharacteristics

Sealrings,liners
Winding overhang
Characteristics of
Ripplecontent

< | Vibration measurement
< | Routinetestsasper|S/ IEC

< | Visualanddimension
< | PartialdischargePLA

Works tests on running
generator

Without Excitation, OC
and SC with rated
voltage

and current for
generator

Ontotal winding/ phases
at interval 0.2Un for
generator

Condition after| Y |Y
dismantling

Works tests orbrushless
exciter

PMG workstests Y |Y

Full load for PMG anc
converterassembly

Converterassembly

Y =Testapplicable

Note

1 | All generators shall be assembled at works and shall be tested to
ensuredesign andwvorkmanshipin accordancewith IEC-34, VDE-
0530,IEEE-115,IEEE 43. Themanufactureshallsubmitdetailedtest
procedurewhich clearly specifytestsetup, instrumentsto be used,
acceptancenorms (wherever applicable), recording of different




parameterinterval of recording precautionsetc.




1.6.1.6 Typetests

1.6.1.6.1Type tests(Category-I)

Generator

One numberassembledjeneratorshall be testedat works as per IEC-34.
Thetests shall be carriedut keeping all conditions/ parameters as close as
possible tgite conditions with all the buiih instrumentation (like RTD etc.)
suitably wirecandthe readingsrecorded.During varioustests,bearingand
shaftoverhangibrationsshallalsobe measuedwith andwithout excitation.
Recordingofvarious parameters of bearing, seal oil system, gas system, stator
water coolingsystem and environmental conditions (like temperature etc.)
shall also be don&hefollowing tests shall be conducted:

a) Instantaneous short circuit test to determine transient and sub
transienteactance parameters and to ensure stability of winding
during suddershortcircuit condition

b) Negativesequencandzerosequencéampedance
c) VoltagewaveformfactorandTotal Harmonc Factor
d) Short circuit heat run test at rated pressure and cooling parameters

with one cooler out of circuit at two third of rated stator current. In
case ofunsymmetrical cooler configuration, test with all possible
variants of oneoolerout ofcircuit shall becarried out.

e) Vibration measurement on all planes on stator overhang winding at
suitable locations on each end and at other critical locations to be
decidedby purchasefor the followingconditions:

- Opencircuit operation

- Shortcircuit operation

- Suddershortcircuit conditions

- Standstill condition- with Hammertest
Brushlessexcitationsystem

a) Exciter - Temperature rise test at peak rating of excitation system.
Ceiling duty condition shall alstve demonstrated

b) Permanentagnetgenerator Temperaturegise testat peakrating of
excitationsystemandceiling duty conditionshallalsobe demonstrated

c) Converter assembly (of the exciter field)emperature rise test at peak



rating of excitation system. Ceiling duty condition shall also be
demonstrated

1.6.1.6.2Typetest(Categoryll)

Brushlessexcitationsystem

a) Converterassembly otheexciterfield
- Inputandoutputsurgewithstandcapability test
- Soaktestfor Electronicmodule

b) Degreeof protectiontestfor Excitationsystempanels

1.6.1.7Sitetests

The tests to be conducted on each generator at site shall include but not be limited to
thoselisted below. Any othertestconsiderechecessarypy thecontractorshallalso

becarriedout :
a) Electrical
i) Measurement of the insulation resistarafethe stator and rotor

windingsto the frame and betweenphases,after drying out the
machineandneasuremertf the polarisation index

1)) Measuremenbf the DC resistanceof all windings and embedded
temperatureetectors

iii) Measuremenof theinsulationresistancef bearings

iv) Capacitance measurementand dissipation factor between the
windingandbody at rated voltage

V) Stator -Partial Discharger test @ 1.3 Phase to Neutral voltage for
PRPD & Extinction & inception voltages.

Vi) Stator NFT test

vii)  Opencircuit andshortcircuit tests

viii)  Measuremendf temperatureiseat theratedload

iX) Performanceapabilityof themachine

X) Line chargingcapacity

Xi) Short circuit tests on the generator HV end and the generator
transformeHV end to check the stability and operation of the
generator and theverall (i.e. generator and generator transformer)
differential protectionandnegativephase sequence protection.

Xii) RotorIR, Winding resistance, Impedance & RSO test

xiii)  Shaft voltage

b) Mechanical
)] Hydrogenleakageest

ii) Vibrationtest
i) Overspeedest



iv) Hydraulictestson coolers
V) Bearingandshaftcurrenttest

c) Loadthrow-off tests.



1.6.2 Generator Isolated Phase Busducts and Neutral Grounding

equipment

1.6.2.1Generator Isolated PhaseBusduct

(Table 1/2)

Items/ Components/Sub
systems

Tests/Checks

Mechanical/ Chemical

Pronerties

Galvanizingtestasper|S: 2629/2633/

WPSandPOR

Functional/Operationatheck

Make,

Rating, Model, TC,

Type,

Generabhysicalinspection

Routinetestasperrelevantstandard

Enclosuretubicle

<| Paintingshadeandadhesiortest
< ElectricalclearanceandCreepage

<| NDT, DPor MPI, RT

Busbar flexible connector ani
dis-connectotink

< |=<| Electrical/

Galvanizedsteelstructureand
plate

Seal of bushing and pog
insulatoitS:5621, 2544

Weldingof enclosureand
conductor

< | < | < | < |<¥|vVisualandDimensionalChecks

Gasket, silicagel breather, C1
VT, surge capacitor an
arrestor, NGT, NGR,
elastomer springead

Busbarmpressurisatiosystem

CompletebusductS:8084

Y =Testapplicable




1.6.2 Generator Isolated Phase Bus ducts and Neutral Grounding

equipment

1.6.2.1 Generator Isolated PhaseBus duct

(Table 2/2)

Tests/Checks

ltems/
systems

Components/ Sub

Trial assembly at works : Heat run

drop

volt
across bolted

and Milli

measurement

test

: Short

Trial assembly atwvorks

circuitwithstand test

Trial assembly at works: Impulse

withstandtest

Trial assembly at works: one

minute

high voltage power

assembly at works: Air
leakage ratand water tightness

Trial

Enclosuretubicle

Busbar flexible connector an
disconnectolink

Galvanizedsteelstructureandplate

Seal of bushing and post insulat
1S:5621,2544

Welding of enclosure and

conductor

Gasket, silicagel breather, CT, V]
surge capacitor anarrestor, NGT,
NGR, elastomespring head

Busbarmpressurisatiosystem

CompletebusductiS:8084

Y =Testapplicable

Note

Trial assembly setip shall include $hase straight run, 9®end, set of
flexible connection of each typemetallic bellow on enclosure, CTs
mounted in position (applicable)bolted linkand necessampspection

covers.




1.6.2 Generator Isolated PhaseBus ducts and Neutral Grounding equipment
1.6.2.2Neutral Grounding Resistor
Tests/Checks
. |E e
o |2 3
. il E
S 2 3z z
S S 9o - @
ltems/ Components/ 2| g s |5858 3 3
Subsystems 21 & 2legel El o
g| 8| 8| 8 & % e Sl 8| %
E| 2| 5| E| .9 23 5 2| @
ol S| & o5|dp Qs Ol 8 | B o
I IEE IR A
| 8| 8 |F o c |+ = | Nz
S| S| S| S |mBEE| Y B T c|T
TS| &S| 5| E|ldgoB8LE |2 9 | 8|S
S| o| © o |X c|S 0O o S| =5
o Q| Q| c|BoOong|> Ol O ®| O
> | =2 wWwl o200 |T| Al | O|lx
Resistor Y Y |Y |Y Y
Cubicle Y Y Y
Galvanizedsteelstructures Y Y v
(1S:2633/ 26296745/
2062)
Bushing/ Post and suppo
Insulator ( 1S:2544/ Y oY Y Y Y Y
5621)
CompleteNGR (IEEE-32) | Y Y Y|Y|Y Y
Y =Testapplicable
1.6.2.3TypeTests
1.6.2.3.1Type test(Category-1)
Thefollowing typetestsshallbe conductedn onebusductsof eachrating:
a) Heat run test (the sep shall include 3 phase straight run® Béend, set

of flexible connectiorof eachtype, metallicbellowon enclosure,C T 6 s
mounted in position, (as applicable), bolted link, and necessary inspection
covers Milli -volt dropacrossholtedflexible joint shall be measured

b) Shortcircuit withstandtest(setup same as$or heatrun)

c) Impulse withstand test (set up shall include typicaeétion with flexible



connections, bendCT6s in position, seal off
andbellows)

d) One minutehigh voltage power frequency withstand test (set up as for
shortircuit test)

e) Air leakage rate and water tightness test (set up shall include
inspectiorcover,flanged jointand bellow)

1.6.2.3.2 Typeest(Categoryll)

a) Panels, cubicles andarshalling boxes shall be type tested for the degree of
protectionprovidedby theenclosure agivenbelow :

- For 5X-it shall not be possibleto insert a thin sheetof paper
undegasketsand through enclosure joints.

- For 4X-It shall not be possibleto inserta one mm diametersteel
wireinto enclosure fronanydirection without force.

- For 2X-It shall not be possibleto inserta twelve (12) mm dia steel
wireinto theenclosure fromany directiorwithout anyforce.

- Testfor secondigit shallbein line with 1S:13947part1

b) For the equipmentand materials such a current transformers,voltage
transformerslightning arrestersgroundingtransformersloadingresistors,

bushings and surge capacitors for which type test are not specified in this
sectionsuccessfutypetests certificatshallbe submittedto the purchaser.

1.6.2.4Sitetests

i) 10% radiography and 100% DP test on all site welded joints of busbar and
enclosure (for Root & Final welding).

i) Milli -volt droptest

iii) Ratioandpolarity testson currentandvoltagetransformers

iv) Insulationmeasuremerdaf equipmentandall wiring

V) Functionalteston pressurizatiorfTightnesdestasperANSI 37.20)

vi) One minute high potential power frequency withstand test at 75% of rated
testvoltage

vii) Enclosurdsolation test with support frame.

viii)  Air pressurisation test.



1.6.3 PowerTransformers

1.6.3.1 Generator Transformers/ Unit auxiliary transformers/ Station
transformers)
(Table 1/2)

Tests/Checks

Vector
physical

10kV Isolationteston core

Items/  Components/
Subsystems

and Polarity,

Make, Type, Rating, Model,

and dimensional
Ratio,

General
Routine tests as per relevant

CoreLoss,Hot spot
standard

Electricalstrength
Thermalproperties
Chemicalcomposition
Compatibilitywith oil

Ageingtest.
Voltage
Group

TC,

</ NDT, DPTor MPI, UT
~<| WPSandPQR

Tank

HV and LV cable box/
Flangehroat

ConservatorRadiator/
Cooler/Pipes

Copperconductor(1S:191)

<| <
<| <

Insulatingmaterial

CRGO lamination analiilt
Core

<N e s Mechanicaproperties

Bushing/ Insulator
(1S:2544/5621)

Gasket

<< < | < |</=<| < | =< |~ visual

Air Cell

Transformenoil ( 1S:335) Y

On load/ offcircuit tap
changel(lIEC:214)

<
<

Corecoil assemblyand
Pretanking

<
<
<
<

MarshallingBox Y |Y Y Y

WTI, OTI, MOG, Buchholj
Relay, PRD, Thermistg
Breather, Terminal conng
tor, Bushing CT, Fan ar Y Y
Pumps with Drives, Impa
Recorder, Globe and Gate
Valve, PD Detector, FR|
andDGA Equipment

Tan Delta & Capacitance

Welding (ASME Sect Y Y Y




IX)

Y = Testapplicable




1.6.3.1 Generator Transformers/ Unit auxiliary transformers/ Station
transformers
(Table 2/2)

Tests/Checks

measurement

Items/ Components/Sub
systems

Jacking test followed by DP Test on

loadbearingmember
DGA of oil for maintank and OLTC

Chamhaor
Measuremenbf capacitanceand tan

Partial discharge measuremefibng
durationjpsper IEG76 clauséNo. 12.4
befordinal packingfor transportation
Paintshadehicknessandadhesiorand

Oil LeakageTest
RoutineTests
Nitrogen dew point
finish

Complete  Transformer (
IS:2026/IEC:76)

FDS forTrf & Bushing, LI test
Y = TestapplicableY2 = Applicableonly for Nitrogenfilled transformer
Notes

<
<
-<
-<
-<
_<
<
N
_<

Each transformer shall be completely assembled with all fittings and accessor
meant fothe particular transformer befoxdfering for inspection antesting.

1.6.3.2TypeTests(Categoryl)
i) Generator transformer

Thefollowing typetestsshallbeconductedn onegeneratotransformer

a) Temperatureisetest
b) Tankvacuumtest
c) Tankpressureest

d) Short circuit test: The teptocedure shall be as per IEGFGAIl type
testsotherthantank testsshall be conductedonly after shortcircuit
testo ensure delivery of healthy and proven transformer. The time



e)

durationfor eachshot during short circuit test shall be as per IEC

76-5. Theallowed variation in inductance shall be as per IEE&.76

All dielectric routine tests shall be conducted before and after short
circuit test at fullvalueincluding followingalso:

- Dissolvedgasanalysis
- Frequencyesponsanalysis

Testreportsfor DOP test (IP 55) on cooler control cabinet(CCC)/
OCTC/common marshallingox (CMB)shallbe submitted.

Stationtransformerndunit auxiliary transformer

The following type tests shall be conducted on one station and one unit
auxiliarytransformer

a)

b)

d)

Temperature rise test: Temperature rise test shall be performed at a
tapcorrespondingo maximumlossesThetestshallbe carriedout at
minimum 110% of rated current. Oil samples as per®6C shall be
taken before and immediately aftentperature rise test. DGA shall

be conducted on this oil sample and the values shall be recorded in
thereport.For evaluationof gasanalysisin temperatureise testthe
procedure shall be as per IS 9434 (based on IEC 567) and results will
beinterpretedas per 1SL0593 (based on IEEQ9).

Tankvacuumtest
Tankpressureest

Lightning impulse test on HV and LV winding for station
transformeand unit auxiliary transformeras per clause 14of IEC
600763.

Short circuit test: The test procedure shdle as per IEC 60075.

All type tests other than tank tests shall be conducted only after short
circuit test to ensure delivery of healthy and proven transformer. All
dielectricroutine tests shall be conducted before and after short circuit
test at fullvalue. All dielectric routine tests shall be conducted
before and aftershortcircuit testat full value includingfollowing

also:

- Dissolvedgasanalysis
- Frequencyesponsanalysis

The test reports for DOP tebtIP55 test on CCC/ CMB/ OLTC/



OCTCcabinetshall be submitted.



iii) Special tests for Generator Transformer, Station Transformer and Unit
Auxiliary Transformer

Thefollowing specialtestsshallbe conductedn eachratingof transformer
a) Powertakenby coolingequipment
b) No loadharmonicmeasurement
c) Noiselevel measurememisperNEMA TR-1
d) Zerosequencémpedanceneasurement
1.6.3.3Detailsof Vacuumteston transformetank
Each transformer tank shall be subjected to the specified vacuum. The tank designed
for full vacuumshall be testedat an internal pressureof 3.33kN/ m? absolute(25
torr) forone hour. The permanent deflection of the plate after the vacuum has been

released shatiot exceed the values specified below:

Horizontal length of Flat Plate  Permanentdeflection

(mm) (mm)
Upto andincluding 750 5.0
751to 1250 6.5
1251to 1750 8.0
1751to 2000 9.5
2001to 2250 11.0
2251to0 2500 12.0
2501to 3000 16.0
above3000 19.0

1.6.3.4Detailsof Pressureestontransformetank

Transformer tank of each size shalldubjected to a pressure corresponding to twice
thenormalheadof oil or to thenormalpressurelus35kN/ m?, whicheveris lower,
measuredat the baseof the tank and maintainedfor one hour. The permanent
deflectiorof the plates after the excess pressure has been released shall not exceed
the figurespecifiedabove for vacuurntest.

1.6.3.5Sitetests

The following minimum tests/ checks shall be conducted at site. Any other tests/
checksasper t he maetammendatian shedisdabe carriecbut



9)

h)

Colourof silicagelin silicagelbreather

Oil level in the breather housing, conservatortanks, cooling system,
condensebushingetc.

Bushing for conformity of connection to the lines etc. and Capacitance & tan

delta test fabushing
Millivolt drop across the connection across lead & winding connection
FDS for Bushing for moisture in Cellulose

Operationof protectiondevicesandalarms:
- Buchholzrelay

- Excessivevinding temperature

- Excessivenil temperature

- Low oil flow

- Low oil levelindication

- OSR for OLTC

- SPRR

-PRV

Resistance of all windings on all steps of the tap changer.

Insulation resistance thfe following:
- Controlwiring

- Coolingsystemmotorandcontrol

- Main windings

- Tapchangemotorandcontrol

- TankandturretmountedCTs

- Coreandclamp:

- Coreto earth

- Coreclampto earth

- Coreto coreclamp

Thefollowing checksshallalsobe carriedout:

- Directionandoverloadsettingof coolingaccessories

- Buchholz, oil level indicator, pressuregauges,temp indicators etc. for
fittingandoperation.

- Earthingof maintank, marshalingpox, tapchangedriving gear,pumpand
fanmotoretc.

- Neutralearthing

- Calibrationof WTI1 andOT]I

- Earthingof bushingtesttap

- Connectiorof WTI CT

- Tightnessf CT secondarygonnectiorandshortingof unusedCTs



aa)

- All valvesfor their correctopeningandclosesequence

Phaseout andvectorgrouptest

Ratioteston all taps

Magnetizingcurrenttest(HV windingandLV winding)
CapacitancandTandeltameasuremerdf winding

FDStest on transformer & Bushing

SFRA test on Transformer winding

Noiselevel

Oll dielectric strength tes®The various test on oil shall be conducted prior to
filling in main tank at site and prior to energization at site. Oil samples are to
bedrawnfrom top andbottomof maintank,cooling systenandOLTC.

DGA, PPM & Acidity of oil beforecommissioning

Coreisolationtest at designed value (el2kV, new-10 kV AC & DC test)
Magneticbalanceest, with magnetizing current
Shortcircuitimpedanceneasurement, without SFRA

Testontank/turretmountedCTs

- IR valuebetweersecondary winding. earthandbetweerwindings
- Secondaryesistance

- Polarity

- Ratiotest

- Magnetizatiorcurrent, Knee point voltage

Teston coolerfanandpump
- IR Value

- Startingcurrent

- Runningcurrent

WTI andOTI settingfor alarm/trip,fan start/stopandpumpstart/stop
Final IR valuebetweernwindingsandearth

Continuously observation tifie transformer operation at no load for 24 hours
with respecto voltagenoloadcurrent, temperatureéseand noise.

Gradually put the transformeron load, check and measureincrease in
temperaturen relationto the load and checkthe operationwith respectto
temperaturgise and noise level etc.



1.6.4 HT BUSDUCT

1.6.4.111kV & 3.3kV SegregatedPhaseBusducts
Tests/Checks

Chemical

Items/ Components/Sub
systems

Mechanical,

WPSandPQR

~<| NDT, DPor MPI, RT
GalvanizingTestasper IS: 2629/2633/

Make, Type,Rating,Model, TC, General

Electricalclearancendcreepage
physicalinspection

Routinetestson completebusduct

Functional/Operationatheck

< Visual andDimensionalChecks
<| paintshadeandAdhesiontest

< Electrical,

Enclosuretubicle

Arc test at rated short circui
current

Busbar flexible connector anj
disconnectolink

Steel structure and plate
1S:2062

Bushing, post and suppol
insulator(1S:9431and2544)
Welding of enclosure and
conductor
Gasketsilicagelbreather YI|Y Y
CompletebusductS:8084 Y Y Y

Y =Testapplicable

<
<

<
<

1.6.4.2Typetest(Categoryll)
(@) All busductssuppliedshallbeof typetestedquality.
(b) Typetestreportsfor thefollowing shallbe submitted:

- Oneminutepowerfrequencyoltagewithstandtest

- Temperature rise test. Milli volt drop shall also be measured across bolted
flexible joint

- Impulsevoltagewithstandtest

- Shorttime currenttest

- Watertightnesdest(asper|S:8084)



- Arc test at rated short circuit for rated time
- Air leakage test
1.6.4.3Sitetests

The following minimum tests/ checks shall be conducted at site. Any other tests/
checkasper t he maatammeandatian shedisdbecarried out

- Powerfrequency voltagevithstandtest

- Air leakage test

- Watertightnessteston outdoorportionof busduct

- Insulationresistantmeasuremerdf equipmentandall wiring
- Milli -volt drop

- Tightness test for bus bar joints.



1.6.5 Auxiliary ServiceTransformers

1.6.5.1 Oil-filled Outdoor Transformers

Tests/Checks

Items/ Components/
Subsystems

and Dimensional

CoreLoss(onfirst Job)Hot

Compatibilitywith oil
Spot

Electricalstrength
Thermalproperties
ChemicalComposition
Ageing Test

checks

Tank, HV and LV Cabile
Box/ Flangethroat

< | < INDT,DPor MPI, UT

ConservatorRadiator/
Cooler/Pipes

<
<

Copper Conductor
(1S:191)

InsulatingMaterial

CRGO Laminationand
Built Core

< | < <X < < | < |Mechanicabroperties

Bushing/ Insulator
(1S:2544/5621)

Gasket

Transformer oil  (
1S:335)

<

Off-circuit tapchanger

Core coil assembly an
pre-tanking

Marshallingbox Y Y Y

WTI, OTI, MOG, PRD,
Breather, Terming vy
Connector, Buchol;
Relay,Globe and Gate
Valve,

W)elding (ASME Sect | Y
IX

Complete Transformer
(1S:2026)

Y =Testapplicable

Vector
Polarity,

Mannetichalancaect
physical

Ratio,
and

General

lishection

Make, Type,Rating,Model,
< | < |\wPSandPQR

RoutineTests

Voltage
Group

TC,
< VacuumandPressurdest







