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ANTIKEIMENO: «MeTdkAnon &Evwv TEXVIKWV YId €niBAewn ouvTtnpnong tTng Movdadog Tunou
Siemens SGT600 Tou AHZ Podou».

To napov ZuunAnpwua No 2 Tng Alakrpu&ng AYTM-51718003 ekdideTal NMPOKEIJEVOU va Yivouv
0l NapakAaTw NPooBnKeg / aAAayeg:

1) MpooTiBeTal oto ApBpo 5 «YnoBaAAopeva oToixeia», napaypa@og 5.1 Tou Telxoug 2 «OPOI
KAI OAHFIES AIAFQNISMOY ME ANOIKTH AIAAIKASIA» Tnc AIGKAPUENC, N NAPakaTw

npoéTaon:

«H nepiypa@rn Tou avTiKEIUEVOU ToUu AlaywVviouoU Kal dAAa TEXVIKA OTOIXEId TNGC npoo@opac
uropei va eivar ouvrayuéva ornv ayyAikn yAwooa.»

2) AvTika@ioTartal n napaypa@ocg 6.3.3 oto ApBpo 6 «MepIEXOPEVO MPOTPOPAG» ToUu TeUxoug 2
«OPOI KAI OAHFIEZ AIAFQNISMOY ME ANOIKTH AIAAIKASIA» Tnc AIGKAPUENG, ®C
aKoAoUBwWC:

« 6.3.3 TexvIkd OTOIXEIQ NPOTPOPAC

6.3.3.1 Texvikn npodiaypapn/nepiypapn napeXOUEVWY UNNPETIMV.

6.3.3.2 JuvoAikn AioTa Twv E€I0IKWV EPYAAEi®wV Mou anaiTouvral yid TNV EKTEAEOn Twv

Epyaociwv rou rnepiypd@ovrai oto Teuxoc «Texvikn lepiypapn» ue part numbers
Kai JE OUVONTIKI MEPIYPAPn w¢ npo¢ To nou autd 8a xpnoiyornoinbouv.

6.3.3.3 YneuBuvn dnAwon OTI UETA Tnv avdBeon kai O KABe nepinTwon npiv Tnv

npoypauuaTiougvn Kpdrnon vyia Tnv ouvinpnon 6a karatebei AioTa EAgyyxou
EKTEAEONG epyaciwv eniBewpnong smnedou C [Inspection and Test Plan (ITP)
Checklist for Level C Maintenance].

>10 ITP O6a avaluesrar n akoAouBia Twv epyaociwv kai 6a ouvodeUsTal UE TA
avtioToixa ®UAAa EAgyxou npoc ocuunAnpwon (Certificate Tests) yia kdBe Brua
£pyaoiag ornou auTo anaiTeiTai.

>€ KkdBe Bnua TnG epyaociag 6a npenel va avapepeTal avaiuTikd kai n diadikaoia

nou npénel va akoAoubnBei upali pe Tov anaitouusvo €1diko gEonAioud rnou Ba

xpnhaoiyornoinBei.

Ta napandvw a@opouv TiC €ENG OIAKPITEC PATEIC TNG EMBEWPNONG:

1. AnoouvapuoAoynon (Disassembly) agpiooTpoBilou.

2. EmbBeswpnon (Inspection & Fact Finding) BOepuwv HeEPWYV agpiooTpoBilou,
ouoTNUATOC Kauong kar edpavwyv.

3. ZuvapuoAoynon (Reassembly) asgpioorpoBiiou.

Ta @®uAda petprioswv (Certificate Tests) o@eilouv o€ kdOBe nepinTwon va

avagePouV TIC OVOUAOTIKEG TIMEG Kal Td EMTPENTA Opid / AVOXEC / KpITrpid

(nominal values & respective tolerances).

Ta ®UAAa EAgyxou kai ol diadikagiec opeilouv va nepiAauBdvouv, evOEIKTIKA Kai

Ox! OEOUEUTIKA, KATEUOUVTNPIEG 0ONYIEC / NANPOPOPIEC yIa TIGC NAPAKATW EPYAOIEG:



®UAAo kaTaypa®nc napauETpwv AgiToupyiac Tou AegpiooTpofiAou rnpiv Tnv
rnpoypauuariouEvn KpdTnon yia tnv EnBswpnon.

QUAAO UETPROEWV €UBUYPAUUIONG yia OAOKANPO TO OUYKPOThHUd Tou Power
Train.

Aiadikaoia anooUunAeénc yevvntpiac - oTpoBilou 1oxUoC.

Aiadikaoia eEaywync KeEAUPWvV oTpoBilou, ouunieaTn.

®UAAo peTpnoswv aéovikwv Kai akTIVIK@OV OIGKEVWV AgpioaTpoBilou.
Aiadikaoia eAgyxou kai ouvtnpnonc 6BaAduou kauonc (Osv npoBAensTai
avrTikaraoraon).

Aiadikaoia €mbBewpnonc kai ouvinpnong Twv kKauoTtnpwv (dimensional
conformity measurements).

Metprioeic kai diadikaoia e€aywync - ei0aywync Twv oTabepwv ATEpUYiwV yia
TIC BaBuidec # 1 & #2 Tn¢ yevvnTpiac kauoaepiwv (gas generator).

MeTtpnoeic kai diadikaoia €&aywync - €10aywync Twv KIivnTOV MNTEPUYIWV yia
TNV Babuida # 3 Tou oTpoBilou ioxUoc (power turbine).

Aiadikaoia eEaywync kai EAeyxou 0pavwy.

Aiadikaoisc e€aywyng poTopa oTpoBiAou Kai CUUMIEDTN.

A1adikaoia €eKTEAEONG N KATAOTPOPIKWV EAEYXWV O KIvnTd Kal OTaBepd
nTepuyia PBabuidwv ouunieoTn kKai oTpofilou kai ot diokouc #1 kai #2
YEVVNTPIAG.

Aiadikaoia  €mBswpnonG  Kai  avrikaraoraon — KUWEAOEIOWV  TOUEWV
oTeyavonoinong Pabuidwv #1 kai #2 yevviTpid¢ KAuodepiwv Kal #3
oTpoBilou ioxuoc.

Aiadikaoia €eAEyxou kai WETPROEIC euBuypduuionc diaxuTn Kauoaspiov &
OXETOU KAQUOAEPIWV.

Aiadikaoia EuBUypduuIonc UETA TO NEPAC TWV EPYAOIWV.

6.3.3.4 OAa 1a dikaioAoynTikd kai Aoind TEXVIKA OTOIXEIQ kabBw¢ Kai nAnpopopiec rou
kabBopidovTar orn Aiaknpuén.

6.3.3.5. Onoiadnnote, kara Tnv kpion Tou diaywVvi{OUEVOU, EMIMAEOV TEXVIKA OTOIXEIQ
Bewpei 011 Ba ouuBdAouv oTn dIaUoOPPWaOnN TNG KPionc TnG apuodiac Emtponng.»

3) To TeUxocg 5 «TEXNIKH MEPIFPA®H» avTikabioTartal oTto GUVOAO TOU HWE TO EMICUVANTOMEVO
oT0 Napov Teuxog 5 «TEXNIKH MEPIFPA®H (ZupnAfpwpa No2)».

4) Naparteiveral n nuepopunvia unoBoAng Twv Npoc@PopwV ano Tnv AsuTépa 26.03.2018 kal wpa
11:00 np yia Tnv Tpitn 03.04.2018 ka1 wpa 13:00 py.

‘OAoil o1 Aoinoi opol Tng Alaknpuéng AYM-51718003 kal Tou ZupnAnpwuatog No 1 auTtng nou
dev TpononoioUvTal Pe To Napdv SupnAnpwua No 2, napapévouv wg €X0UV.

Suv £va:

- Teuxog 5 «TEXNIKH MEPIFPA®H (ZupnAnpwua No 2)»
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TEXNIKH NEPITPA®H

EniBAeyn eniBempnong TnG aspiooTpoBIAIKAG Hovadag Siemens SGT600 -A/
No3 AHZ Podou

>Tov AHZ POdou undpxel eykaTteoTnUevn Wia AgpiooTpoBIAikn Movada KaTaoKEUNG
Siemens TUNo¢ SGT-600 (npwnv ABB GT10B1) ovopaoTiknig 1oxUog 21,32MW, n onoia
oTIC 16.03.2018 £xel oupnAnpwoel 87.718 100d0Uvapeg wpec AsiToupyiag (EOH) kal
4.157 1000UvapouG KUKAOUG AOYw  ekKIVAoEWV-KpaThoewy (EOQC).

MeTa&u 2°' dekanevOrpuepou Maiou kai 1°Y dekanevBnuepou Iouviou Tou 2018
npoypapuartiferal kpatnon Tnc Movadag dIApKEeIac 25 NUEPOAOYIAK®MY NUEPWYV YId
€pYacieg ouvTnpnong - enBswpnong eninedou C ocUPPwva Pe To cuvnuuévo Doc. No
1CS17559 éyypago Tou OEM (Siemens Technical Product Service Information), Tig
OUYKEVTPWHEVEG 1000UVANEG WPEG AsiToupyiag kal KUkAoug (EOH & EOC) wg sicaywyika
ava@epovTal, Kal To 10Topikd NapeABOVTWY ENBEWPNCEWV KAl AVTIKATAOTACEWY BEPUWV
HEPWV.

ZNUEIOVETAlI NAVTWG OTI N OUYKEKPIPEVN EnBewpnon dev gival Tunikn eninedou C 60ov
a@opd TIC NpoypaupaTI(OPEVEG aVTIKATACOTACEIC OEPUWV HEPWV, AAAG NPOCAPHOCHEVN
oTIC avakUWaoeg avayKeg Onwe auTeEC nNpodiaypa@ovTal NapakaTw PETA TNV
dlagoponoinan Tou npo®iA AsiToupyiag Tng Movadag Adyw kupiag eniBdpuvong ano
“EOH" kal 0l 6nw¢ katda To napeAbov ano “EOC”.

AvTikeigevo Ynnpeoiov kai Karauepiouoc Epyaci®v

To avTIKEIYEVO TWV AITOUPEVWY YNNpeoiwv nepiAapBavel yetdkAnon ano Tov Avadoxo
Oiko TexVIKwV Tou, €1d1koTATwV “Field Technical Advisor” & “Controls Technical Advisor”,
ol onoiol Ba napdaoyouv:

e unnpeoieg kaBodrynong kal CUPBOUAEUTIKEG oTo nedio (supervision & advisory field
services) kabwc kal TEXVIKNG a&loAoynong eupnuaTtwy (fact finding evaluation)

e UMNpPeciec commissioning yia Tnv pUBUICN TwV AEITOUPYIK®WV NAPAPETPWY TOU
AeplooTpoBiAou kal TNV aopaAn enaveévTagn Tou o€ EUNOPIKN AgIToupyia

>TO AVTIKEIYEVO TWV AVWTEPW UMNPECI®V NEPIAAUBAVETAI KAl N UMOPBOAN TEXVIK®OV
ekBeoewv (reporting).

O1 epyaciec nediou (anooguvappoAdynaon, HETPAOEIC, EAEYXOI, avTIKaTaoTaon
€€EapTNUATWV MoU avagEpovTal NApakATw Kal enavacuvapuPoAdynon) 6a yivouv und tnv
enonTeia Tou Field Technical Advisor Tou Avaddxou and Ouada Texvikwv Tou TopEa
KevTpiknc Zuvtripnong NoTiag EANGdag (TKZ/NE) Tng AEH nou 8a petakivnBei otnv Podo
yla Tov okond auTo Kal n onoia dIaBETEl EUNEIpia O YEVIKEC ENIBEWPNOEIC
aeplooTpoBidwyv Frame F & E Tng GE, GT26 Tng Ansaldo (ex. Alstom) kAn.

H akoAouBia Twv gpyaciov anocuvapuoAdynong — cuvapuoAdynong Kal Twv KaTd
NEPINTWON avaykaiwv JETPROEWV - EAEYXWV KAl KATAXWPNONG auTwy Ba yivel pye Baon
T0 “Inspection and Test Plan (ITP) for Level C Maintenance” kal Ta Test Certificates
(TCs) avTioToixa nou 6a napadwaoel o Avadoxoa.

To nepiexopevo Twv ITP & TCs nou avapevetal va diabBeoel o Avadoxog NeEpIypa@eTal oTo
Teuxog 2 «Opol kal Odnyieg AlaywviopoU pe AvolkTn Aladikacia» Tng Alaknpuéng.

O Avadoxoc €niong avapeveTdl va kabopioel ge TNV Npoo@opd ToU TO Npoownikd Ot
ap1Bpo kal e1I81KOTNTEG Nou Bewpei avaykaio va diabgoel n AEH yia Tnv oAokARpwaon Tng
EnBswpnong evtdg 25 nuepoAoylakwv nUepwv (ApBpo 5 Teuxoug «=x&dIo
ZUPewVNTIKOU ZUhBacnc») AapBavovTtacg unown 10wpn eEanuepn (AsuTépa €wg
>4BBaTo) ava Bdouada anaoyxoAnan.

O1 epyaciec Mn KaTtaoTtpenTikwv EAEyxwv (NDT’s) 8a yivouv and €E€IdIKEUPEVOUG OTO
aVTIKEIJEVO auTO Kal J1anioTEUPEVOUG OTO KAaTAAANAo Level TexvikoUc TnG YNnpeoiag
KAEN Tnc AEH.

H a&loAdynon Tuxov eupnudtwyv Ba yivel og ouvepyaaoia Pe Tov Avadoxo.



O1 epyaciec Commissioning Ba yivouv uno Tnv enonTteia Tou Controls Technical Advisor
Tou Avadoxou. O AHZ dUvaTal va ouvdpdAuel KATAa NeEPINTWON TO £PYO TOU TEXVIKOU TOU
Avadoxou pe dUo dtopa 1dikdTNTag I&C Kkal dUo atoua €1dikoTNTAC Electrical.

1. X710 avTikeigevo TNG eMBewpnong NPoBAENETAl va EKTEAECTOUV Ol KATWOI Epyacieg:
- 'EA€yX0C Kal ouvTrnpnon ouoTAHATOC EI0aYWYNG agpa
- Alaxwpiopdcg yevvnTplag kauoaepimv and oTpopiAo 1oxU0G
- 'EA£YX0G Kal ouvTnpnon TWV KAuoTRpwWV
- E&aywyn keAU@oug oTpoBiAou, GUUNIEDTN
- EEaywyn kal €éAeyxog BaAdpou kalong Kal KevTpikoU KEAUPOUC oTpoBiAou
- 'EAgyxoG BaABidwv anoudcTeuong
- 'EAeyxog owAfvwv WUENG Kal oTeyavonoinong

- EEaywyn kai éAeyxocg edpdvwyv #1 (akTIvikoU Kal woTikoU) Kal #2 yevvATpIag
Kauoaepiwv. AvTikaTdaoraon nAlvBiwyv onou anaitnBei

- EEaywyn poTopa CUPNIEOTN

- EKTEAEON PN KATACTPOPIKWYV EAEYXWV O KIVNTA Kal otadepa nteplyia Baduidwv
OUMMNIEDTN KAl YEVVTPIAC KAUOAEPiwV Kal o€ OioKoUG #1 kal #2 yevvATPIAG

- AvTtikatrdoraon 18 tey. otaBspwv nrepuyiwy 1" BaBuidac YEVVATPIAC KAUOAEPIWV

- AvTmikatrdgraon 7 Tey. orafepwv nrepuyinv 2" BaBuidac yevvnTpiac KAUOdEPiwyV
(and oUvolo 52 Tey.)

- Avtikatrdoraon KUWeAosIdwyv TOUEWY oTeEyavonoinonc Baduidwyv #1 kai #2
YEVVNTPIAC KAUOAEPiwV

- EEaywyn potopa oTpoBilou 1o0xU0G Kal oTaBEPWV KEAUPWV

- AvTikataoraon 60 Tey. KIVNTOV NTepuyiwv Babuidag #3 oTpoBilou 1oxU0C

- AvTikaTtaoTaon KUWeAOEIdWY TOPEWV oTeyavonoinong Babuidag #3 orpofilou 10xU0G

- EKTEAE0ON Un KATAOTPOPIKWY EAEYXWV KIVATWV NTEPUYiwV Baduidac #4 oTpoBilou
10XU0G

- EEaywyn kal €éAeyxog edpavwv #3 kal #4 oTpofilou 10xU0G. AVTIKATAOTAON
nAIvBiwv onou anaitnBei

- EEaywyn kai onTiKOG EAEYXOG EUKANNTOU CUVOECHOU HEIWTNPA YEVVITPIAC
- EEaywyn kal kabapiopog edpavwyv UEIWTHPA YEVVATPIAG

- 'EAeyxogG Kkal YETPNOEIG eUBUypaupIong diaxUTn Kauoaspiwv

- 'EAeyxoG oxeToU kauoaegpinv

- EuBuypdaupion PETA To NEPAC TWV EPYACIWV, KATAYPaAPr OE £VTUNO

Ta avTaAAakTIKA yia TIC Napandavw ava@ePOUEVEG NPOYPAUUATIONEVEG AVTIKATAOTAOCEIC,
TUuXOV AoInd avTaAAAKTIKA KaBwg kal Ta avaAwoipa 6a diatebolv anod Tnv AEH.

2. 01 gpyaociec commissioning agopoulv:
2.1 KaTtd Tn didpkeia TG KpATnong yia Tnv eniBswpnon:
- 'EAeyxog oTa odnynTika nTepUyla kal otn BaABida kaucipou kal kaAignpdpiopa av
anaiTnOsi.
- 'EAeyxocg otra Emergency Shut Down (ESD).
- 'EAgyX0G OUCTAMATOC TAAAQVTWOEWY, AEOVIKNG HETATOMIONG K.AM.
2.2 [plv TNV €KKivnaon
- OnTIKOG £AEYXOC Yia dlappoEC, acuvnBioToug BopUBOUC K.AM.
- 'EAeyxog change over avtAiov Aadiou.
- Teot ESD ano didgpopeg aiTieg (n.X. XapunAn nieon AadioU K.An.)

- TMposToiyacia YETPAOEWY UE NPOoowpPIVOUC alobnTrpec TaxuTnTac, Beppokpaaciag
nieong K.An.

2.3 KaTtd Tnv ekKivnon



- 'EAgyxoG aAAnAouxiac ekkivnong, napakoAolBnon kal kataypa@n AEITOUPYIK®V
HeyEBwV.

- 'EAgyxog hardwired trip.

- 'EAeyxog avrtanokpiong Bpoxwv eAgyxou AVR Mnpiv To GUYXPOVIOHO.

- ANwn peTpnoswyv ota 5, 10, 15, 20 & max load kar anooToAn Toug OTa KEVTPIKA TOU

Oikou yia kaBopIiouo VEOU opiou avwTaTnG BEpUoKPACiac Kauoagpimwv Kal AoInwv
NapapeTpwyv 6Nwc npokunTel anod 1o T7 verification.

SNUEIOVETAl OTI N KATAypapr TwV NapaPeTpwV AsIToupyiac Tou A/ npiv To oTaPATnua
Ba yivel and Tov AHZ Podou pe Bdaon To «DUAAO KaTAypadPnC NApaPeTPWV AEITOUpYiac
Tou AgpioaTpoBiAou npiv TNV NPoypaupaTiohéEvn kpdTnon yia Tnv EmBswpnon» Tou ITP
nou avapéveral va diabgoel o Avadoxoc (Teuxog 2 «'Opol kal Odnyiec AlaywviopoU e
AvolkTn Aladikacia» Tng Alaknpuénc).

E1dika epyaleia kai eEonAigpog

MnxavAuaTa kKal epyaleia gnxavoAovIKNG aveyepong

'OAOG 0 anapaiTnNTog INXavoAoyikog eEonAiopog (UNxavnuaTa, epyaieia k.An.) nou Ba
anaiTnBsi yia TNV eKTEAECN TWV EPYACIOV EMBE®PNONG — GUVTHPNONG TWV PNXAVIKWV
MepwV Tou A/Z Ba doBei and Tnv Enixeipnon.

E€aipouvTal Ta udpauAika epyaAeia, pwToypaPies Twv onoiwv evOEIKTIKA Kal OXI
NEPIOPIOTIKA ENICUVANTOVTAI, KAl O JETPNTIKOG €EONAICWOC T onoia €ival UNoXPEWHEVOG
va d1abeoel o AvadoxoG. Ta udpauAika epyale€ia Kkal Ta JETPNTIKA Opyava npénel va €ival
dlanioTeupeva and dopeic MioTonoinong katd EN ISO/IEC 17025.

E€onAlopudc Commissioning.

O Avdadoxog €ival UNnoXpEWPEVOC va d1aBETel Tov €101kO €EONAIOUO Yia TOV EAEYXO TOU
OUOTNHATOC TAAAVTWOEWV Kal yia To “T7 verification”.

Juvnuuéva :
- OwToypapieg udpaulikwv epyaAeinv (eVOEIKTIKA Kal OXI NEPIOPIOTIKA).
- Siemens Technical Product Service Information Document No: 1CS17559.
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1 INTRODUCTION

This document describes the required preventive maintenance and the maintenance concept
in general for a SGT-600 / GT10B gas turbine unit. (SGT-600 is formerly known as GT10B for
units sold before 2005.) The data given here describes the maintenance for 120 000
equivalent operating hours, i.e. in practice approximately 15 years of continuous operation.

The terminology used when discussing preventive maintenance in this document is as follows:

Maintenance

Preventive
maintenance

Operation
maintenance

Maintenance
Plan

Inspections
and
overhauls

Maintenance
interventions

Equivalent
operation
hours

Tasks carried out to keep the equipment in normal operating condition or
to restore it to such condition that operation can proceed without
interruption.

Planned maintenance activities carried out to maintain the equipment in
normal condition.

Tasks carried out by the engine operator mainly consisting of daily
attendance and routine maintenance activities.

Plan based on equivalent operating hours, containing recommended on
site inspections, checks and overhauls. For SGT-600/GT10 gas turbines,
recommended inspections and overhauls are defined in a Maintenance
Plan and there labelled maintenance levels A, B, and C.

Inspections are defined as visual checks of the engine and its auxiliary
systems after limited dismantling. Overhauls are defined as visual
checks, change of parts with limited lifetime and controls of the unit after
dismantling.

Performance of the tasks specified in the Maintenance Plan.

See information in 2.1.2.2

We reserve all rights in this document and in the information contained therein. Reproduction,
use or disclosure to third parties without express authority is strictly forbidden. © Siemens Industrial Turbomachinery AB
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Maintenance Operational consumables:
spares Consumables and liquids necessary for normal operation such as
different filters, cleaning agent and dosing chemicals.

Emergency back-up parts:

Spares representing a relatively low cost but essential for keeping the
availability high. Examples of these parts are pressure switches,
computer cards and thermocouples.

Replacement parts:

Spare parts identified in the gas turbine Maintenance Plan to be replaced
after a certain number of equivalent operation hours. Examples are
turbine blading, heat segments and combustion chambers.

Maintenance consumables:
Spare parts necessary to perform overhauls and/or repairs of the
installation. Examples are locking washers, o-rings and gaskets.

Inspection contingency parts:

Spare parts that are not mandatory replaced during preventive
maintenance but by experience are useful to have available in order to
reduce down time. Examples are bolts, nuts, gaskets, blades, vanes and
combustor components.

Emergency spare parts:

Sophisticated spare parts, which represent a relatively high value. The
customer has access to Siemens emergency spare parts “first come first
service”. Examples are bearings, gas turbine blading and complete gas
turbine rotors.

Capital spares:

Sophisticated spare parts which can be used if an unexpected event
occurs. This can lead to costly loss of production which makes it
important to have these parts available at site. Examples are bearings,
gas turbine blading and complete gas turbine rotors.

We reserve all rights in this document and in the information contained therein. Reproduction,
use or disclosure to third parties without express authority is strictly forbidden. © Siemens Industrial Turbomachinery AB
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2 MAINTENANCE

Economical operation of the power plant is affected by the operational performance and also
by the availability and the reliability of the plant as a whole. The overall availability, however,
is not guaranteed simply because the owner has originally invested in quality reliable
equipment, with provision to operate without disturbances. Successful and profitable power
plant operation also requires a well-prepared maintenance concept together with well-trained
operation personnel.

Maintenance can be divided into two categories:

e Preventive maintenance
e Corrective maintenance

Siemens maintenance concept is focusing on optimizing the preventive maintenance with
regards to cost and installation availability throughout the entire lifetime.

21 PREVENTIVE MAINTENANCE
The preventive maintenance is divided into two main categories:

e Operation maintenance
e Maintenance Plan

211 OPERATION MAINTENANCE

The gas turbine requires regular attention in order to detect trends and to determine
abnormalities at an early stage.

Operation maintenance is to be carried out according to the operation maintenance
manual, which is included in the plant documentation. Operation maintenance activities are
performed on a daily, weekly and monthly basis. These consist mainly of daily checks which
include instrument readings, visual inspection for general condition i.e. check for leakage,
abnormal noise, etc. and also routine maintenance activities such as replacement of filter,
cleaning, etc.

Routine maintenance activities are carried out on a calendar basis (compressor cleaning,
lubrication oil sampling etc.) or as required (filter replacement, cleaning etc.), including
preventive maintenance of the auxiliary systems due to normal wear and tear.

These activities are normally carried out by site personnel.

21.2 MAINTENANCE PLAN

The Maintenance Plan for SGT-600 is a time-based plan, which is designed to optimize the
overall maintenance cost and availability during the lifetime of the gas turbine.

2.1.2.1. Maintenance levels

The overall turbine availability is not only determined by forced outages, but also by planned
outages. Therefore such outages must be managed efficiently. This is possible under the
following conditions:
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e The Maintenance Plan activities shall be planned well in advance.

e The work to be performed and spare part requirements should be decided well in
advance.

e The duration shall be kept as short as possible by comprehensive planning and expert
execution.

This requires close communication and co-operation between gas turbine owners and
Siemens, starting well in advance prior to the planned maintenance activities.

The various planned Maintenance Plan activities are based on a level system. The
maintenance levels are:

Level “A” at 10’, 30’, 50, 70’, 90’ and 110’ Equivalent operating hours (E.O.H, (') = 1000)
Level “B” at 20’ and 100’ E.O.H.

Level “C” at 40’ E.O.H.

Level “D” at 60’ E.O.H.

Level “E” at 80’ E.O.H.

2.1.2.2. Time between maintenance Levels — Equivalent Operating Hours:

The time at which the maintenance levels should be performed, is not only determined by the
number of operating hours but also by certain operating factors such as the number of starts,
load and the quality of the fuel. Some hot parts can be expected to need replacement or
renovation during the life cycle of the Maintenance Plan.

This equivalent operating hours is a measure of the main following operating effects:

Start and stop specific stresses.
Creep lifetime.

Fuel quality.

Water and steam injection.

The equivalent operating hours together with the results of each inspection is used as basis
for the determination of the standard intervals between overhauls.

Equivalent Operating Hours (EOH): EOH = 2(Cx x Cf x Cw x H) + 5 x EOC

H = Number of operating hours

EOC = Equivalent Operating Cycles

Cx = Stress factor Cx =0.5-10 depending on running condition
Cf = Fuel factor Cf =1.0 for gas according to GTI J241003E
Cf =1.2 for liquid fuel according to GTI J242002E

Cw = Water and steam injection Cw=1.0 when no water or steam injection is used
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factor
Cw=1.25

Equivalent Operating Cycles (EOC):

N = Number of start/stop cycles

Chstart = Start factor Chrstart = 0

CnStart = 0,2

CnStart =1

Crstart = 4

Chrstop = Stop factor Crstop =0

CnStop =4

when water or steam injection is used

EOC = z((CnStart + cnStop) X N)

Start factor when T7 < 300°C

Start factor when T7 < 300°C,

before GT in service

Start factor valid for normal start,

if GT in service

Start factor valid for fast start,

if GT in service

Stop factor during normal stop

Stop factor if emergency shutdown

from load > 50 %
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Maintenance plan SGT-600, base load rating according to ISO 3977-2 Standard Class D
Range IV, operation up and including 8760 EOH per annum at base power rating.

Maintenance Schedule
SGT-600/GT10B1/B2

Level E | 1

Level D I

Level C i

Level B i

Level A I I I I I

Operation

Maintenance) | | | | | | ‘ . .

T T T [ [ I | | I
10 20 30 40 50 60 70 &0

90 100

110 120

x1000
EOH

Figure 1 Equivalent operating hours and level schedule during a 120’ hours’ period

Irrespectively of equivalent hours a level A inspection is recommended every 2 years.

The first level A inspection shall not be performed later than 11" accumulated EOH's.
The first level B inspection shall not be performed later than 21' accumulated EOH's.

The maximum no. of EOH’s between level A inspections is 21' EOH’s and the maximum no.
of EOH’s between level B-C, C-B, and D-E is 21'EOH's.

Table 1 Scope of work, in brief

3 days*

11 days**

17 days**

11 days**

19 days™*

Boroscope
inspection of:

- compressor blading|
- combustion
chamber

- turbine blading

Inspection of:
- couplings and gearg
- auxiliaries

Boroscope inspectior]

of:

-comp.stage 4 and 10

Inspection of:

- NDT of comp. guide
vane 2

- fuel injectors
-generator

- turbine blading

NDT of:
-compressor blading
- turbine blading

Inspection of:

- fuel injectors

- couplings and gears
- auxiliaries

inspection of:

NDT of:

-comp.stage 4 and 10

Inspection of:

= NDT of comp. guide

vane 2
- fuel injectors
-generator

- turbine blading

- couplings and

-compressor
blading
- turbine blading

Inspection of:

- fuel injectors

- couplings and
gears

- auxiliaries

- couplings and gears
gears - auxiliaries
- auxiliaries
Control system Control system and Control system and Control system and Control system and
and instruments instruments instruments instruments instruments

* based on 12 hours/day, 5 working days/week
** based on 10 hours/day, 6 working days/week

To reduce downtime 2-shift can be offered on request.
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Replacement Schedule

The expected parts intervals for critical gas generator and power turbine components are shown in

table 2. The schedule is based on the design life and fleet experience of respective part. These
values reflect current produced hardware. Many engineering judgments are built into this table
including operation and maintenance of the unit, performed in accordance with all of the
manufacturer's specifications and instructions.

Operation and maintenance factors can have a major impact on both replacement interval
and life time of the unit. For this reason, the intervals given in table 2 should only be used as
guidelines and not certainties, i.e. a replacement part can be assessed to be used for
operation up to next decided maintenance interval. Replacement parts can be new,
reconditioned or used.

Table 2: Replacement schedule

Equivalent Operating

Hours (EOH) x 1000 10 20 30 40 50 60 70 80 90 100 110 120
Level Schedule E
D
C
B B
A A A A A A

Combustor Section
Combustor Chamber Original | Repl. [ Repl. [ Repl. [ Repl. | Repl.
Compressor Turbine
Blade 1 Original Repl. Repl.
Guide Vane 1 Original | Repl. Repl. Repl. Repl. | Repl.
Blade 2 Original Replacement
Guide Vane 2 Original [ Repl. [ Repl.
Power Turbine
Blade 3 Original [ Repl. [ Repl.
*Replacement (Repl.)
2.2 CORRECTIVE MAINTENANCE

Apart from the preventive maintenance it is also essential to have a philosophy for efficient
back-up in case of emergency situations. By offering support services available for all our
customers like spare gas generators, access to emergency store for sophisticated gas
turbine parts and 24 hours telephone support, the cost for the back-up is divided on many
hands without reducing the availability to the back-up functions for each customer.

When required in a specific situation, Siemens can provide the following emergency
services:

Troubleshooting instructions

Emergency delegation of service personnel
Status assessment

Access to Emergency spare part store
Access to Emergency gas generator
Repair activities
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¢ Field balancing group
o Etc.
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3 PLANNING RECOMMENDATION FOR PREVENTIVE MAINTENANCE

At least 12 months prior to an overhaul, the customer together with Siemens, shall begin to
plan/schedule the overhaul requirement, considering the following items:

3.1. Scope of work
Based on standard time schedule, the results of earlier investigations and the customer's
operational observations and requirements, a specific scope of work is to be decided.

3.2. Spare parts requirements and spare part stock

In accordance with the scope of the work, it is possible to specify the spare parts likely to be
needed. With respect to the demand, the customer spare part back up is to be checked for
completeness and condition. Recommended spare parts should be procured well in
advance.

3.3. Tools and fixtures
Check if the specific necessary tools and fixtures are in the customer's possession or
whether they have to be provided by Siemens.

3.4. Inspection and assembly work
All inspections and assembly work shall be performed or supervised by trained personnel in
order to ensure quality of work performed.

3.5. Capacity planning
The client together with Siemens should investigate well in advance that required workshop
facilities are available.

3.6. Work plan
A work plan has to be developed, stipulating what jobs are to be performed at site or in repair
facilities.

3.7. Co-ordination
For the co-ordination of activities, recourses and work permits, a bar chart and critical path
diagram should be prepared prior to the start of each inspection/overhaul.

3.8. Spare part management

Well-balanced spare part management is essential for minimizing downtime of preventive
and emergency maintenance and thus increases the availability of the unit. Which spare
part(s) that shall be stored is mainly determined by:

failure probability

delivery time

repair or reconditioning time of capital components
time for replacement

investment cost versus cost of production losses

Consequently, available spare parts can considerably reduce the duration of an overhaul.
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4 HELPDESK

Siemens 24-hour emergency telephone service will provide technical advice and
recommendations for operation and maintenance of the customer’s gas turbine installation.
This telephone service will also handle parts deliveries from our emergency store and
development of field service personnel.

If the problem cannot be solved with technical support by phone, Siemens can arrange for a
qualified service engineer to go to site for further assistance.

Emergency maintenance always results in loss of profit, which is why skilled operators, good
preventive maintenance and a carefully selected spare parts stock are good investments.

5 LONG TERM PROGRAMS

In order to meet our customers various demands, we can offer three different service
agreement levels, all of them with Maintenance Plan as solid base. The scope in the
agreements are gradually growing from only containing regular support services up to a level
where both preventive and corrective maintenance is included.
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